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Tlie  above  engraving  represents  &  view  of  the  rings  and  moons  of  Satnrn,  as  they  wonld 
appear  to  a  spectator  from  the  surface  of  Satnrn,  at  a  point  abont  15  or  20  degrees  north  of 
its  equator.  The  shadow  of  the  body  of  the  planet  appears  about  the  middle  of  the  rings  at 
midnight.  At  sunset  this  shadow  will  appear  on  the  eastern  side  of  the  rings,  and  will  ap- 
pear to  move  gradually  onward  from  east  to  west  until  sunrise,  when  it  will  disappear  from 
th*  weitem  tide  of  the  rings.    See  pages  86, 87. 
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PREFACE. 


The  following  pages  were  written  under  tlie  impression,  that  the  visible  manifesta- 
tions of  the  attributes  of  the  Deity  are  too  frequently  overlooked  by  Christians  in 
their  views  of  the  great  objects  of  Religion,  and  in  the  worship  they  offer  to  the 
Father  of  their  spirits;  and  are  intended  to  show,  that  the  teachers  of  Religion,  in 
imparting  instruction  either  to  the  old  or  to  the  young,  ought  to  embrace  a  wider 
range  of  illustration,  in  reference  to  divine  subjects,  than  that  to  which  they  are 
usually  confined. 

Throughout  the  whole  of  the  discussions  contained  in  this  work,  the  Author  has 
pursued  his  own  train  of  thought ;  and  in  so  doing,  he  trusts  that  he  has  been  enabled 
to  render  some  of  his  illustrations  more  interesting  to  the  young  and  untutored  mind, 
than  if  he  had  adhered  rigidly  to  the  sentiments  of  others,  and  to  the  technical  lan- 
guage of  science.  The  sketches  of  the  different  sciences  are  not  mere  extracts  or 
compilations,  but  are,  for  the  most  part,  original  composition — in  which  it  has  been 
his  main  object  to  embody  as  many  facts  as  his  limits  would  permit  —  in  order 
to  excite  the  inquiring  mind  to  further  investigations  into  the  different  departments 
of  physical  science. 

It  is  prei^umed,  that  no  Christian  reader  will  for  once  imagine,  that  the  views 
illustrated  in  this  work  are  intended  to  be  substituted  in  place  of  the  peculiar  revela- 
tions of  the  Bible.  The  object  of  the  volume  is  to  illustrate  the  harmony  which 
sub.sists  between  the  system  of  Nature  and  the  system  of  Revelation ;  and  to  show, 
that  the  manifestations  of  God  in  the  material  universe  ought  to  be  blended  with  our 
views  of  the  facts  and  doctrines  recorded  in  the  volume  of  Inspiration. 

It  is  taken  for  granted,  throughout  the  whole  range  of  the  following  illustrations, 
that  the  Scriptures  contain  a  Revelation  from  Heaven ;  and  under  a  firm  belief  of  this 
important  truth,  the  Author  has  embellished  his  work  with  frequent  quotations  frnm 
the  energetic  and  sublime  language  of  this  Sacred  book.  It  would,  therefore,  be 
unfair  in  any  critic,  who  entertains  doubts  on  this  point,  to  find  fault  with  such  quo- 
tations, or  with  the  allusions  to  Bible-phraseology  which  occur,  unless  they  can  bo 
shown  to  be  introduced  without  judgment  or  discrimination. 

In  consequence  of  the  progress  of  the  Arts  and  Sciences  since  the  Last  Edition 
of  the  following  work  was  published — the  Author  has  deemed  it  expedient  to  make 
a  thorough  revision  of  the  whole,  so  as  to  embrace  the  latest  improvements  and  dis- 
coveries in  the  different  departments  to  which  its  diversified  subjects  refer.  He  has 
accordingly  carefully  revised  every  portion  of  the  volume,  and  made  very  considerable 
additions  to  its  several  departments.  The  article  Geology  has  been  almost  entirely 
re-written,   and   enlarged   to   more   than   double   its    former   extent.      The   article 
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Geography  has  been  enlarged  by  an  addition  of  several  pages.  The  articles 
Astronomy,  Natural  Philosophy,  Chemistry,  Physiology,  History,  Printing, 
Mariner's  Compass,  Telescope,  Air  Balloons,  Steam  Navigation,  etc.,  bave  like- 
wise been  considerably  enlarged.  To  the  former  subjects  are  now  added  comprehen- 
sive sketches  of  the  following  recently-discovered  departments  of  Science  and  Art — 
The  Daguer^otype,  Electrotype,  Electro-Magnetism,  Electric  Telegraphs, 
Railroads,  etc.,  beside  a  variety  of  paragraphs  inserted  in  numerous  places  through- 
out the  body  of  the  work.  Between  twenty  and  thirty  additional  engravings  have 
been  inserted,  and  to  the  whole  is  now  added  a  copious  Index.  These  additions 
amount  to  more  than  thirty  pages. 

This  work,  in  its  original  form,  has  had  an  extensive  sale,  not  only  in  G  reat  Britain, 
but  also  in  the  United  States  of  America.  It  is  therefore  hoped  that  the  improve- 
ments and  additions  which  have  now  been  made  will  render  it  still  more  fe  ,^eptable-  tn 
the  public. 

Bboijghty  Ferry,  near  Dundee. 
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On  the  subject  of  Religion,  mankind  have,  in 
all  ages,  been  prone  to  run  into  extremes.  V/hile 
»6ome  have  been  disposed  to  attach  too  much  im- 
portance to  the  mere  exertions  of  the  human 
intellect,  and  to  imagine  that  man,  by  the  light  of 
unassisted  reason,  is  able  to  explore  the  path  of 
true  wisdom  and  happiness, — the  greater  part  of 
religionists,  on  the  other  hand,  have  been  disposed 
to  treat  scientific  knowledge,  in  its  relation  to 
religion,  with  a  degree  of  indifference  bordering 
upon  contempt.  Both  these  dispositions  are 
equally  foolish  and  preposterous.  For  he  who 
exalts  human  reason,  as  the  only  sure  guide  to 
wisdom  and  felicity,  forgets  that  man,  in  his  pre- 
sent state,  is  a  depraved  intelligence,  and  conse- 
quently liable  to  err;  and  that  all  those  who  have 
been  left  solely  to  its  dictates,  have  uniformly 
failed  in  attaining  these  desirable  objects.  Daring 
a  period  of  more  than  5800  years,  the  greater  part 
of  the  human  race  have  been  left  solely  to  the 
guidance  of  their  rational  powers,  in  order  to 
grope  their  way  to  the  Temple  of  Knowledge, 
and  the  Portals  of  Immortality;  but  what  has 
been  the  result  of  all  their  anxious  researches? 
Instead  of  acquiring  correct  notions  of  the  Great 
Author  of  their  existence,  and  of  the  nature  of 
that  homage  which  is  due  to  his  perfections, 
"  they  have  become  vain  in  their  imaginations, 
and  their  foolish  hearts  have  been  darkened. 
Professing  themselves  to  be  wise,  they  have  be- 
come fools;  and  have  changed  the  glory  of  the 
Incorruptible  God  into  an  image  made  like  to 
corruptible  man,  and  to  four-footed  beasts,  and 
creeping  things."  Instead  of  acquiring  correct 
views  of  the  principles  of  moral  action,  and  con- 
ducting themselves  according  to  the  eternal  rules 
of  rectitude,  they  have  displayed  the  operation  of 
the  most  diabolical  passions,  indulged  in  continual 
warfare,  and  desolated  the  earth  with  rapine  and 
horrid  carnage;  so  that  the  history  of  the  world 
presents  to  our  view  little  more  than  a  series  of 
revolting  details  of  the  depravity  of  our  species, 
and  of  tlie  wrongs  which  one  tribe  of  human  be- 
.ngs  has  willfully  inflicted  upon  another. 

This  has  been  the  case,  not  only  among  a  few 
uncultivated  hordes  on  the  coast  of  Africa,  in  the 
plains  of  Tartary,  and  the  wilds  of  America,  but 
even  among  those  nations  which  stood  highest  in 
the  ranks  of  civilization  and  of  science. — The  an- 
cient Greeks  and  Romans,  who  boasted  of  their 
attainments  in  philosophy,  and  their  progress  in 
the  arts,  entertained  the  most  foolish,  contradic- 
tory, and  unworthy  notions  of  the  Object  of  Di- 
vine worship,  of  the  requirements  of  religion,  and 
of  the  eternal  destiny  of  man.  They  adored  a 
host  of  divinities  characterized  by  impiety,  fraud, 
injustice,  falsehood,  lewdness,  treachery,  revenge, 
murder,  and  every  other  vice  which  can  debase  the 
human  mind,  instead  of  offering  a  tribute  of  ra- 


tional homage  to  that  Supreme  Intelligence  who 
made,  and  who  governs  the  universe.  Even  their 
priests  and  philosophers  indulged  in  the  most  de- 
grading and  abominable  practices,  and  entertained 
tlie  most  irrational  notions  in  regard  to  the  origin 
of  the  universe,  and  the  moral  government  of  the 
world.  Most  of  them  denied  a  future  state  of 
retribution,  and  all  of  them  had  their  doubts  re- 
specting the  reality'  of  an  immortal  existence;  and 
as  to  the  doctrine  of  a  resurrection  from  the  dead, 
they  never  dreamed  of  such  an  event,  and  scouted 
the  idea,  when  proposed  to  them,  as  the  climax  of 
absurdity.  The  glory  to  which  their  princes  and 
generals  aspired,  was,  to  spread  death  and  destruc- 
tion among  their  fellow-men — to  carry  fire  and 
sword,  terror  and  dismay,  and  all  the  engines  of 
destruction,  through  surrounding  nations — to  fill 
their  fields  with  heaps  of  slain — to  plunder  the 
survivors  of  every  earthly  comfort,  and  to  drag 
captive  kings  at  their  chariot-wheels — that  they 
might  enjoy  the  splendor  and  the  honors  of  a  tri- 
umph. What  has  been  now  stated  with  regard  to 
the  most  enlightened  nations  of  antiquity,  will 
equally  apply  to  the  present  inhabitants  of  China, 
of  Hindcstan,  of  the  Japanese  Islands,  of  theBir- 
man  empire,  and  of  every  other  civilized  nation 
on  which  the  light  of  Revelation  has  never  shone 
—  with  this  additional  consideration,  that  they 
have  enjoyed  an  additional  period  of  1800  years 
for  making  further  investigations;  and  are,  at  this 
moment,  as  far  from  the  object  of  their  pursuit  as 
when  they  first  commenced  their  researches,  and 
not  only  so,  but  some  of  these  nations,  in  modern 
times,  have  mingled  with  their  abominable  super- 
stitions and  idolatries  many  absurdities  and  horrid 
cruelties,  which  were  altogether  unknown  among 
the  Greek  and  Roman  population. 

Such  are  the  melancholy  results  to  which  men 
have  been  led,  when  left  to  the  guidance  of  unas- 
sisted reason,  in  the  most  interesting  and  impor- 
tant of  all  investigations.  They  have  wandered 
in  the  mazes  of  error  and  delusion;  and  their  re- 
searches, instead  of  directing  and  expanding  our 
religious  views,  have  tended  only  to  bewilder  the 
human  mind,  and  to  throw  a  deeper  shade  of  in- 
tellectual gloom  over  our  apostate  world.  After 
a  period  of  six  thousand  years  has  been  spent  in 
anxious  inquiries  after  the  path  to  true  knowledge 
and  happiness — Ignorance,  Superstition,  Idolatry, 
Vice,  and  Misery,  still  continue  to  sway  the  scep- 
ter over  the  great  majority  of  the  human  race; 
and  if  we  be  allowed  to  reason  from  the  past  to 
the  future,  we  may  rest  assured  that,  while  man- 
kind are  destitute  of  a  Guide  superior  to  the 
glimmerings  of  depraved  reason,  they  would  be  no 
nearer  the  object  of  their  pursuit,  after  the  lapse 
of  sixty  thousand  years,  than  at  the  present  mo- 
ment. It  is  only  in  connection  with  the  discove- 
ries of  Revelation  that  we  can  expect  that  the 
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efforts  of  human  reasion  and  activity  will  be  suc- 
cessful in  abolishing  the  reign  of  Ignorance  and 
degrading  Superstition — in  illuminatiag  the  be- 
nighted tribes  of  the  P;tgan  world — and  In  caus- 
ing "  Kightoousues.s.  and  Order,  and  Peace,  to 
spring  forth  before  all  the  nations."  Though  the 
Christian  Religion  has  never  yet  been  fully  under- 
stood and  recognized,  in  all  its  aspects  and  bear 
ings,  nor  its  requirements  been  cordially  complii5«i 
with,  by  the  great  body  of  those  who  profess  to 
believe  in  its  divine  origin,  yet  it  is  only  in  those 
nations  who  have  acknowledged  its  authority,  and 
in  some  measure  submitted  to  its  dictates,  that 
anything  approximating  to  just  conceptions  of 
the  Supreme  Intelligence,  and  of  its  moral  gov- 
ernment, is  found  to  prevail. 

But,  on  the  other  hand,  though  the  light  of  na- 
ture is  of  itself  a  feeble  and  insufficient  guide  to 
direct  us   in   our  views  of  the  Supreme  Intelli- 
gence, and    of  our  eternal  destination,  yet  it  is 
a  most  dangerous  and  delusive  error  to   imagine, 
that  reason,  and  the  study  of  the  material  world,  I 
ought  to  be  discarded  from   the  science    of  reli- 
gion.    The  man  who  would  discard  the  efforts  of  I 
the  human  intellect,  and  the  science  of  Nature, 
from  Religion,  forgets — that  He  who  is  the  Au-  , 
thor  of  human  redemption  is  also  the  Creator  and  [ 
Governor  of  the  whole   system  of   the  material  i 
universe — that  it  is  one  end  of  that  moral  renova-  : 
tion  which  the  Gospel  effects,  to   qualify  us  for 
contemplating  aright  the  cisplays  of  Divine  Per-  ! 
fection  which  the  works  of  creation  exhibit — that 
the  visible  works  of  God  are  the  principal  medium  i 
by  which  he  displays  the  attributes  of  his  nature  I 
to  intelligent  beings — that  the  study  and  contem- 
plation oi  these  works  employ  the  faculties  of  in-  : 
telligences  of  a  superior  order*  —  that  man,  had 
he  remained  in  primeval  innocence,  would  have 
been  chiefly  employed  in  such  contemplations —  i 
that  it  is  one  main  design  of  Divine  Revelation  to  j 
illustrate   the  operations  of  Providence,   and  the  ] 
egency  of  God,  in  the  formation  and  preservation 
of   all    things — and  that  the  Scriptures  are  full  of  | 
sublime  descriptions  of  the  visible  creation,  and 
of  interesting    references  to    the   various   objects 
which    adorn  the   scenery  of  Nature.     Without 
the  cultivation  of  our  reasoning  powers,  and  an 
investigation  of  the  laws  and  economy  of  Nature, 
we  could  not  ap]>reciate   many  of  the    excellent 
characters,  the  interesting  aspects,  and  the  sublime 
references  of   Revealed   religion;  we  should  lose 
the  full    evidence  of  those  arguments  by  which 
the  existence   of  God,  and  his  attributes  of  Wis- 
dom and  Omnipotence,  are  most  [lowerfully  de- 
nionstrat:-'d;  we  should  remain  destitute  of  these 
sublime  conceptions  of  the  perfections  and  agency 
of  Jehovah,  which  the  grandeur  and  immensity 
of  his  works  are  calculated  to  ins])ire;  we  should 
never  perceive,  in  its  full  force,  the  evidence  of 
those  proof;*  on  which   the  Divine  authority  of 
Revelation   is  founded:  we  could  not  give  a  ra- 
tional interpretation  of  the  spirit  and  meaning  of 
many  parts  of  the  Sacred  Oracles;  nor  could  we 
comply  with   those  positive   commands   of  God, 
which  enjoin  us  to   contemplate  the  wonders  of 
his  power,  "  to  meditate  on  all  his  works,  and  to 
talk  of  all  his  doings." 

Notvvilhstan;ling  these  amd  many  other  conside- 
rations, which  show  the  folly  of  overlooking  the 
visible  manifestations  of  Deity  in  the  exercises  of 
Religion,  it  has  long  been  the  practice  of  certain 
theologians  to  depreciate  the  wonderful  works  of 
Jehovah,  and  to  attempt  to  throw  them  into  the 
shade,  as  if  they  were  unworthy  of  our  serious 
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contemplation.  In  their  view,  to  be  a  bad  philo- 
sopher is  the  surest  way  to  become  a  good  Chris- 
tian, and  to  expand  the  views  of  the  human  mind 
is  to  endanger  Christianity,  and  to  render  the  de- 
sign of  religion  abortive.  They  seem  to  consider 
it  as  a  most  noble  triumph  to  the  Christian  cause, 
to  degrade  the  material  world,  and  to  trample  un- 
der foot  not  only  the  earth,  but  the  visible  hea- 
ven-', as  an  old,  shattered,  and  corrupted  fabric, 
wk'cL  no  longer  demands  our  study  or  admiration. 
1  heir  expressions,  in  a  variety  of  instances,  would 
Isad  (IS  plinost  to  conclude,  that  they  considered 
the  ecuMoiry  cf  Nature  as  set  in  oppv  i.!oii  to  the 
economy  of  Rede-nption,  and  that  it  iy  m  t  the  same 
God  that  coiitriv'ec  the  system  of  Naivte  who  is 
also  the  "Author  of  sternal  salvation  to  all  them 
that  obey  him." 

It  is,  unquestionaMy  br^th  foolish  anr  i.npious 
to  overlook  or  to  unde-vaUit  ai.y  of  the  nxUsby 
which  the  Divine  Being  has  he.-n  pleased  l.i  nxka 
known   his   nature  and  pcrter.ti.'^Ub  to  nifriVin* 
Since    he    has  given    a  display   m    hi.''  "  EttrnftJ 
power  and  Godhead  "  in  the  granc'  ♦.lu'at.^r  uf  m- 
ture,  which  forms  the  subject  of  scioniL^c  Jnt'««' 
tigation,  it  was  surely  never   intended,  and  wou!  \ 
ill  comport  with  reverence  for  its  adoraL'o  An 
thor,  that  such  magnificent  displays  of  his  Pcv*. 
Wisdom,  and  Beneficence,   as  the   material  uo!' 
verse  exhibits,  should  be  treated,  by  his  intelligeji 
offspring,  with    indifference    or  neglect.     It  be 
comes  us  to  contemplate,  with  adoring  gratituda 
every  ray  of  our  Creator's  glory,  whether  as  eina 
nating  from  the  light  of  Revelation,  or  as  reflect 
ed  from  tlie  scenery   of  nature  around  us,  or  a 
descending  from  those   regions  where  stars  un 
numbered  shine,  and  planets  and  comets  run  thei 
solemn  rounds.     Instead   of  contrasting  the  out 
department  of  knowledge  with  the  other,  with  , 
view   of  depreciating  the  science  of  nature,  on 
duty  is,  to  derive  from  both  as  much  informatioj 
and  instruction  as  they  are  calculated  to  affcid 
to  mark  the  harmony  of  the  revelations  they  re 
spectively  unfold;  and  to  use  the  revelation's  o" 
nature  for  the  purpose  of  confirming,  and  ampli- 
fying, and   carrying   forward   our  vie\^s  of   tliw 
revelation  contained  in  the  Sacred  Scr-'pfures. 

With  regard  to  the  revelation  deriveJ  from  the 
Sacred  Records,  it  has  been  imagined  by  some 
that  it  has  little  or  no  reference  to  '.he  operationf 
of  the  material  system,  and  tliat,  therefore,  tin 
study  of  the  visible  works  of  Gcd  can  be  of  littl" 
importance  in  promoting  religious  knowledge  am 
holy  affections.  In  the  seqael  of  this  volume,  ' 
shall  endeavor  to  show,  that  this  .sentiment  is  ex 
tremely  fallacious,  and  destitute  of  a  foundation 
Bat,  in  the  meantime,  although  it  were  taken  fo 
granted,  it  would  form  no  argument  against  th« 
combination  of  science  with  religion.  For  i 
ought  to  bo  carefully  remarked,  that  Divine  Reve- 
lation is  chiefly  intended  to  instruct  us  in  the 
knowledge  of  those  truths  which  interest  us  as 
subjects  of  the  moral  adinimstration  of  the  Gov- 
ernor of  the  world, — or,  in  other  words,  as  apos- 
tate creatures,  and  as  moral  agents.  Its  grand 
object  is  to  develop  the  openings  and  bearings  of 
the  plan  of  Divine  Mercy;  to  counteract  those 
evil  propensities  and  passions  which  sin  has  intro 
duceii;  to  inculcate  those  holy  principles  and 
moral  laws  which  tend  to  unite  mankind  in  har- 
mony and  love;  and  to  produce  those  amiabU 
tempers  and  dispositions  of  mind  which  alone  cai, 
fit  us  for  enjoying  happiness,  either  in  this  world 
or  ill  the  world  to  come.  For  tliis  reason,  doubtless, 
it  is,  that  the  moral  attributes  of  Deity  aie  brought 
more  jirominently  into  view,  in  the  Sacred  Vol- 
ume, than  his  ■natural  perfections;  and  that  those 
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special  arrangements  of  his  Providence,  which  re- 
gard the  moral  renovation  of  our  species,  are  par- 
ticukirly  detaileii;  while  the  immense  extent  of 
his  universal  kingdom,  the  existence  of  other 
worlds,  and  their  moral  economy,  are  but  slightly 
hintod  at,  or  vailed  in  obscurity.  Of  such  a  Reve- 
laiioii  we  stood  in  need;  and  had  it  chiefly  em- 
braci'J  subjects  of~  a  very  difierent  nature,  it 
would  have  failed  in  supplying  the  remedies  re- 
qlli^iile  for  correcting  the  disorders  which  sin  has 
inhodiiced  among  mankind. — But  surely  it  was 
^evcr  intended,  even  in  a  religious  point  of  view, 
th'it  the  powers  of  the  human  mind,  in  their  con- 
teaij)lations  and  researches,  should  be  bounded  by 
the  range  of  subjects  coinprised  in  that  revelation 
wliii'ii  is  ])urely  or  chiefly  of  a  moral  nature; 
since  the  Almighty  has  exhibited  so  magnilicent 
a  spectacle  in  the  universe  around  us,  and  endow- 
ed us  with  faculties  adequate  to  the  survey  of  a 
considerable  portion  of  its  structure,  and  capable 
of  deducing  from  it  the  most  noble  and  sublime 
results.  To  walk  in  the  midst  of  this  "wide- 
extended  theater,"  and  to  overlook,  or  to  gaze 
with  indifference  on  those  striking  marks  of  Di- 
vine Omnipotence  and  skill  which  everywhere 
appear,  is  to  overlook  the  Creator  himself,  and  to 
contemn  the  most  illustrious  displays  he  has  given 
of  his  eternal  power  and  glory.  That  man's  re- 
ligious devotions  are  much  to  be  suspected,  what- 
ever show  of  piety  he  may  affect,  who  derives  no 
assistance,  in  attempting  to  form  some  adequate 
conceptions  of  the  object  of  his  worship,  from  the 
sublime  discoveries  of  astronomical  science;  from 
Uiose  myriads  of  suns  and  systems  which  form 
but  a  small  portion  of  the  Creator's  immense  em- 
pire 1*  The  professing  Christian,  whose  devo- 
tional exercises  are  not  invigorated,  and  whose 
conceptions  of  Deity  are  not  expanded,  by  a  con- 
templation of  the  magnitude  and  variety  of  his 
works,  may  be  considered  as  equally  a  stranger  to 
the  more  elevated  strains  of  piety,  and  to  the  no- 
ble emotions  excited  by  a  perception  of  the  beau- 
tiful and  the  sublime. 

"  The  works  of  the  Lord,"  says  an  inspired 
writer,  "  are  great,  and  are  souglit  out  by  all 
those  who  have  pleasure  therein."  They  all  bear 
the  stamp  of  Infinite  Perfection,  and  serve  as  so 
many  sensible  mediums  to  exalt  and  expand  our 
conceptions  of  Him  whose  invisible  glories  they 
represent  and  adumbrate.  When  contemplated 
in  connection  with  the  prospects  opened  by  Divine 
Revelation,   they  tend  to  excite  the  most  ardent 

*  As  some  readers  seem  to  have  mistaken  the  Author's 
meaning  in  this  and  similar  passnges,  it  may  be  proper  to 
state,  that  his  meaning  is  not — that  a  l^nowledge  of  natural 
•cience  is  es.<cnli(il  to  genuine  piety;  but,  that  the  person 
who  has  an  opportutiiti/  of  making  himself  acquainted  with 
the  science  of  nature,  and  of  contemplating  the  wonders  of 
the  heaven*  in  their  trne  light,  and  who  does  not  find  his 
views  of  the  Oeator  e.\|)ande(l,  and  his  religions  emotions 
•levated,  by  such  studies,  has  reason  to  call  in  question  the 
Bat'ire  and  the  sincerity  of  his  devotional  feelings. 


desires  after  that  state  of  enlarged  vision,  where 
the  plans  and  operations  of  Deity  will  be  more 
clearly  unfolded — and  to  prepare  us  for  bearing  a 
part  in  the  immortal  hymn  of  the  Church  trium- 
phant:— "  Great  and  marvelous  are  thy  works. 
Lord  God  Almighty;  just  and  true  are  thy  ways, 
thou  King  of  saints."  The  most  illustrious  char- 
acters that  have  adorned  our  race  in  all  ages,  have 
been  struck  with  the  beauty  and  magnificence  of 
the  visible  creation,  and  have  devoted  a  certain 
portion  of  their  time  and  attention  in  investiga- 
ting its  admirable  economy  and  arrangement;  and 
there  can  be  no  question,  that  a  portion  of  our 
thoughts  devoted  to  the  study  of  the  wondrous 
works  of  the  Most  High,  must  ultimately  be  con- 
ducive to  the  improvement  of  our  int.Ilectual 
powers,  to  our  advancement  in  the  Christian  life, 
and  to  our  preparation  for  the  exalted  en^ploy- 
ments  of  the  eternal  world. 

In  fine,  since  the  researches  of  modern  times 
have  greatly  enlarged  our  views  of  the  System  of 
Universal  Nature,  and  of  the  vast  extent  to  which 
the  operations  of  the  Creator  are  carried  on  in  the 
distant  regions  of  space, — since  the  late  discove- 
ries of  Naturalists  and  Experimental  Philoso- 
phers, with  respect  to  the  constitution  of  the 
atmosphere,  water,  light,  heat,  the  gases,  the  elec- 
tric, galvanic,  and  magnetic  fluids,  and  the  econo- 
my and  instincts  of  animated  beings,  have  opened 
to  our  view  a  bright  display  of  Divine  Wisdom, 
in  the  contrivance  and  arrangement  of  the  differ- 
ent parts  of  our  terrestrial  habitation, — since  im- 
provements in  the  useful  arts  have  kept  pace  with 
the  progress  of  science,  and  have  been  applied  to 
many  beneficial  purposes,  which  have  ultimately 
a  bearing  on  the  interests  and  the  progress  of  re- 
ligion,— since  a  general  desire  to  propagate  the 
truths  of  Christianity  in  heathen  lands  now  ani- 
mates the  mass  of  the  religious  world, — since  the 
nations  of  both  Continents  are  now  aroused  to 
burst  asunder  the  shackles  of  despotism,  and  to 
inquire  after  rational  liberty  and  mental  improve- 
ment,— and  since  all  these  discoveries,  inventions, 
and  movements,  and  the  energies  of  the  human 
mind,  from  which  they  spring,  are  under  the  con- 
trol •and  direction  of  that  Omnipotent  Being  who 
made  and  who  governs  the  world, — they  ought  to 
be  considered  as  parts  of  those  providential  ar- 
rangements, in  the  progress  of  which  He  will 
ultimately  accomplish  the  illumination  of  our  be- 
nighted race,  and  make  the  cause  of  righteousness 
and  truth  to  triumph  among  all  nations.  And, 
therefore,  the  enlightened  Christian  ought  thank- 
fully to  appreciate  every  exhibition,  and  every 
discovery,  by  which  his  conceptions  of  the  attri- 
butes of  God,  and  of  the  grandeur  of  his  works, 
may  be  directed  and  enlarged,  in  order  that  he 
may  be  qualified  to  "speak  of  the  honor  of  his 
majesty,  and  talk  of  his  power;  to  make  known 
to  the  sons  of  men  his  mighty  acts,  and  the  gkiri- 
ous  majesty  of  his  kingdom." 


CHAPTER   I. 

OF  THE   NATURAL  ATTRIBUTES   OF   THE  DEITY,   WITH   PARTICULAR    ILLUS- 
TRATIONS  OF   HIS   OMNIPOTENCE   AND  WISDOM. 


SECTION    I. 

On   the   relation  of   the   natural  attributes 
of  deity  to  religion. 

A  FIRM  conviction  of  the  existence  of  God,  and 
a  competent  knowledge  of  his  natural  perfections, 
lie  at  the  foundation  of  all  religion,  both  natural 
and  revealed.  In  proportion  as  our  views  of  the 
perfections  of  Deity  are  limited  and  obscure,  in  a 
similar  proportion  will  be  our  conceptions  of  all 
the  relations  in  which  he  stands  to  his  creatures, 
of  every  part  of  his  providential  procedure,  and 
of  all  the  doctrines  and  requirements  of  revealed 
religion. 

By  the  natural  or  essential  attributes  of  God, 
we  understand  such  perfections  as  the  following: 
— His  Eternity,  Omnipresence,  Infinite  Know- 
ledge, Infinite  Wisdom,  Omnipotence,  and  Bound- 
less Beneficence.  These  are  the  characters  and 
attributes  of  Deity,  which,  we  must  suppose,  form 
the  chief  subjects  of  contemplation  to  angels,  and 
to  all  other  pure  intelligences — and,  in  investigat- 
ing the  displays  of  which,  the  sons  of  Adam  would 
have  been  chiefly  employed,  had  they  continued 
in  primeval  innocence.  These  attributes  form 
the  groundwork  of  all  those  gracious  relations  in 
whicli  the  God  of  salvation  stands  to  his  redeemed 
people  in  the  economy  of  redemption — they  lie 
at  the  foundation  of  the  whole  Christian  super- 
structure— and  were  they  not  recognized  as'  the 
corner  stones  of  that  sacred  edifice,  the  whole 
sj'stem  of  the  Scripture  R(>velation  would  remain 
a  baseless  fabric.  The  full  display  of  these  per- 
fections will  be  exhibited  in  the  future  world — 
the  contemplation  of  this  display  will  form  one 
of  the  sublime  employments  "  of  the  saints  in 
light" — and  to  prepare  us  for  engaging  in  such 
noble  exercises,  is  one  of  the  chief  designs  «f  the 
salvation  proclaimed  in  the  Gospel. 

The  Christian  Revelation  ought  not  to  be  con- 
sidered as  superseding  the  Religion  of  Nature, 
but  as  carrying  it  forward  to  perfection.  It  in- 
troduces the  Deity  to  us  under  new  relations  cor- 
responding to  the  degraded  state  into  w'hich  we 
have  fallen.  It  is  superadded  to  our  natural  re- 
lations to  God,  and  takes  it  for  granted  that  these 
natural  relations  must  forever  subsist.  It  is  true, 
indeed,  that  the  essential  attributes  of  God,  and 
the  principles  of  Natural  Religion,  cannot  be 
fully  discovered  without  the  light  of  Revelation, 
as  appears  from  the  past  experience  of  mankind 
in  every  generation;  but  it  is  equally  true,  that, 
when  discovered  by  the  aid  of  this  celestial  light, 
they  are  of  the  utmost  importance  in  the  Chris- 
tian system,  and  are  as  essentially  connected  wWa 
it  as  the  foundation  of  a  building  is  with  the  su- 
perstructure. Many  professed  Christians,  how- 
ever, seem  to  think  and  to  act  as  if  the  Chris- 
tian Revelation  had  annulled  the  natural  relations 
which  subsist  between  man  and  the  Deity:  and 


hence  the  zealous  outcrj' against  every  discussion 
from  the  pulpit,  that  has  not  a  direct  relation  to 
what  arc  termed  the  doctrines  of  grace.  But  no- 
thing surely  can  be  more  absurd  than  to  carry 
out  such  a  principle  to  all  its  legitimate  conse- 
quences. Can  God  ever  cease  to  be  Omitipotent, 
or  can  man  ever  cease  to  be  dependent  for  exist- 
ence on  his  infinite  power?  Can  the  DiA'ine  Be- 
ing ever  cease  to  be  Omnipresent  and  Omniscient, 
or  can  man  ever  cease  to  be  the  object  of  Ids 
knowledge  and  superintendence?  Can  Infiniie 
Wisdom  ever  be  detached  from  the  Almighty,  or 
can  man  ever  be  in  a  situation  where  he  will  not 
experience  the  effects  of  his  wise  arrangements? 
Can  Goodness  ever  fail  of  being  an  attribute  of 
Jehovah,  or  can  any  sentient  or  intelligent  beings 
exist  that  do  not  experience  the  effects  of  his 
bounty?  Can  Divine  Benevolence  ever  cease  in  its 
operations,  throughout  any  period  of  futi^re  dura- 
tion, or  can  any  intelligent  beings  exist,  tlirough- 
out  any  department  of  creation,  who  shall  not,  n  a 
greater  or  less  degree,  experience  its  effects?  In 
short,  can  the  relation  of  Creature  and  Creator 
ever  cease  between  the  human  race  in  whatever 
moral  or  pliysical  situation  they  may  be  placed, 
and  that  Almighty  Being  "  who  giveth  to  all  life 
and  breath  and  all  things!"  If  none  of  theso 
things  can  possibly  happen,  then  the  relations  to 
which  we  refer  must  be  eternal  and  unchangeable, 
and  must  form  the  basis  of  all  the  other  relations 
in  which  we  can  possibly  stand  to  the  Divine  Be- 
ing, either  as  apostate  or  as  redeemed  creatures; 
and,  therefore  tliey  ought  to  be  exhibited  as  sub- 
jects for  our  frequent  and  serious  contemi)lation, 
as  religious  and  moral  agents.  But,  unless  we 
make  such  topics  a  distinct  subject  of  attention, 
and  endeavor  to  acquire  clear  and  comprehensive 
conceptions  of  our  natural  relations  to  God,  we 
can  never  form  a  clear  conception  of  those  new 
and  interesting  relations  into  which  we  have  been 
brought  by  the  mediation  of  Jesus  Christ. 

If  man  .had  continued  in  his  primitive  state  of 
integrity,  he  would  have  been  forever  exercised 
in  tracing  the  Power,  the  Bejieficence,  and  other 
attributes  of  Deity,  in  the  visible  creation  alone. 
Now  that  his  fallen  state  has  rendered  additional 
revelations  necessary,  in  order  to  secure  his  liap- 
piness, — is  he  completely  to  throw  aside  those 
contemplations  and  exercises  which  constituted 
his  cliief  employment  while  he  remained  a  ])ure 
moral  intelligence?  Surely  not.  One  great  end 
of  his  moral  renovation,  by  means  of  the  Gospd, 
must  be  to  enable  him  to  resume  his  primilive  rxer- 
cises,  and  to  qualify  him  for  more  enlarged  view* 
and  contemplations  of  a  similar  nature,  in  that 
future  world,  where  the  pliysical  and  moral  nn- 
pediments  which  now  obstruct  his  progress  wih  be 
completely  removed. 

It  appears  highly  unreasonable,  and  indicates  a 
selfish  disposition  of  mind,  to  magnify  one  class 
of  the  Divine  attributes  at  the  expense  of  ano.hcrj 
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10  «xto!,  for  example,  the  Mercy  of  God,  and  neg- 
lect to  celebrate  his  Power  and  Wisdom — those 
glorious  perfections,  the  display  of  which,  at  the 
formation  of  our  ^lobe,  excited  the  rapture  and 
admiration  of  angels,  and  of  innocent  man.  All 
the  attributes  of  God  are  equal,  because  all  of 
them  are  infinite;  and  therefore  to  talk  of  darlini/ 
attributes  in  the  Divine  Nature,  as  some  liave 
done,  is  inconsistent  with  reason,  unwarranted  by 
Scripture,  and  tends  to  exhibit  a  distorted  view  of 
the  Divine  character.  The  Divine  Mercy  ought 
to  be  celebrated  with  rapture  by  every  individual 
of  our  falleji  race;  but  with  no  less  rapture  should 
we  extol  the  Divine  Omnipotence;  for  the  designs 
of  Mercy  cannot  be  accomplished  without  the  in- 
tervention of  infinite  Power.  Even  the  attribute 
of  Justice — which  is  frequently  viewed  witli  emo- 
tions of  terror — is  nothing  else  than  a  branch  of 
the  Divine  Benevolence,  for  preventing  the  in- 
roads of  anarchy  and  confusion  and  for  securing 
the  oi-der  and  happiness  of  the  intelligent  creation. 
All  that  we  hope  for,  in  consequence  of  the  pro- 
mises of  God,  and  of  the  redemption  accomplished 
by  Josus  Christ,  must  be  founded  on  the  concep- 
tion we  form  of  the  operations  of  Omnipotence. 
An  example  or  two  may  not  be  unnecessary  for 
illustrating  this  position. 

We  are  warranted  by  the  Sacred  Oracles,  to  en- 
-ertain  the  hope  that  these  mortal  bodies  of  ours, 
ifter  they  have  moldered  in  the  dust,  been  dis- 
lolved  into  their  primary  elementary  parts,  and 
»ecome  the  prey  of  devouring  reptiles,  during  a 
apse  of  generations  or  centuries — shall  spring 
brth  from  the  tomb  to  new  life  and  beauty,  and 
le  arrayed  in  more  glorious  forms  than  tliey  now 
jeear;  yea,  that  all  the  inhabitants  of  our  globe, 
rem  Adam  to  the  end  of  time,  tliough  the  bodies 
>f  thousands  of  them  have  been  devoured  by 
:annibals,  have  become  the  food  of  fishes  and  of 
\)easts  of  prey,  and  have  been  burned  to  cinders, 
and  their  ashes  scattered  by  the  winds,  over  the 
different  regions  of  sea  and  land — shall  be  reani- 
mated by  the  voice  of  the  Son  of  God,  and  shall 
appear,  each  in  his  own  proper  person  and  identi- 
cal body,  before  God  the  Judge  of  all.  Now,  the 
firmness  of  our  hope  of  so  astonishing  an  event, 
wliich  seems  to  contradict  all  experience,  and  ap- 
pears involved  in  such  a  mass  of  difficulties  and 
apparent  contradictions,  must  be  in  proportion  to 
tJie  sentiments  we  entertain  of  the  Divine  Intelli- 
gence, Wisdom,  and  Omnipotence.  And  where 
are  we  to  find  the  most  striking  visible  displays 
of  these  perfections,  except  in  the  actual  opera- 
tions of  the  Creator,  within  the  range  of  our  view 
in  the  material  world? 

Again,  we  are  informed  in  the  same  Divine 
records,  that,  at  some  future  period,  the  earth  on 
which  we  now  dwell  shall  be  wrapt  up  in  devour- 
ing flames,  and  its  present  form  and  constitution 
forever  destroyed;  that  its  redeemed  inhabitants, 
after  being  released  from  the  grave,  shall  be  trans- 
ported to  a  more  gloiious  region;  and  that  "  new 
heavens  and  a  new  earth  shall  appear,  wherein 
dwelleth  righteousness."  The  Divine  mercy  hav- 
ing given  to  the  faithful  the  promise  of  these 
astonishing  revolutions,  and  most  magnificent 
events,  our  hopes  of  their  being  fully  realized 
must  rest  on  the  infinite  wisdom  and  omnipo- 
tence of  Jehovah;  and  consequently,  if  our  views 
of  these  perfections  be  limited  and  obscure,  our 
hope,  in  relation  to  our  future  destiny,  will  be 
proportionably  feeble  and  languid;  and  will  scarce- 
ly perform  its  office  "as  an  anchor  to  the  soul, 
both  sure  and  steadfast."  It  is  not  merely  by 
telling  a  person  that  God  is  all-wiso  and  all- 
powerful,  that  a  full  conviction  of  the  accomulish- 
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'  ment  of  such  grand  events  will  be  produced.  He 
must  be  made  to  see  witli  his  own  eyes  what  the 
Almighty  has  already  done,  and  what  he  is  now 
doing,  in  all  the  regions  of  universal  nature  which 
lie  oppu  to  our  inspection;  and  this  cannot  be 
effected  without  directing  his  contemplations  to 
those  displays  of  intelligence  and  power  which 
are  exhibited  in  the  structure,  the  economy,  and 
the  revolutions  of  the  material  world. 

If  the  propriety  of  these  sentiments  be  admitted, 
it  will  follow,  that  the  more  we  are  accustomed 
to  contemplate  the  wonders  of  Divine  intelligence 
and  power,  in  the  objects  with  which  we  are  sur- 
rounded, the  more  deeplj^  shall  we  be  impressed 
with  a  conviction  and  a  confident  hope,  that  all 
the  purposes  of  Divine  mercy  will  ultimately  bo 
accomplished  in  our  eternal  felicity.  It  will  also 
follow,  that,  in  proportion  as  the  mind  acquires  a 
clear,  an  extensive,  and  a  reverential  view  of  the 
essential  attributes  ef  the  Deity,  and  of  those 
truths  in  connection  with  them  which  are  objects 
of  contemplation  common  to  all  holy  beings,  in  a 
similar  proportion  will  it  be  impressed,  and  its 
attention  arrested,  by  every  other  Divine  subject 
connected  with  them.  And  it  is,  doubtless,  owing 
to  the  want  of  such  clear  and  impressive  concep- 
tions of  the  essential  character  of  Jehovah,  and  of 
the  first  truths  of  religion,  that  the  bulk  of  man- 
kind are  so  little  impressed  and  influenced  by  the 
leading  doctrines  and  duties  connected  with  the 
plan  of  the  Gospel  salvation,  and  that  they  enter- 
tain so  many  vague  and  untenable  notions  respect- 
iiig  the  character  and  the  objects  of  a  superintend- 
ing Froviilence.  How  often,  for  example,  have 
we  witnessed  expressions  of  the  foolish  and  limited 
notions  which  are  frequently  entertained  respect- 
ing the  operations  of  Omnipotence!  When  it  has 
been  asserted  that  the  earth,  with  its  load  of  con- 
tinents and  oceans,  is  in  rapid  motion  through 
the  voids  of  space — that  the  sun  is  ten  hundred 
thousand  times  larger  than  the  terraqueous  globe 
— and  that  millions  of  such  globes  are  dispersed 
througliout  the  immensity  of  nature, — some  who 
have  viewed  themselves  as  enlightened  Christians, 
have  exclaimed  at  the  impossibility  of  such  facts, 
as  if  they  were  beyond  the  limits  of  Divine  Power, 
and  as  if  such  representations  were  intended  to 
turn  away  the  mind  from  God  and  religion;  while, 
at  the  same  time,  they  have  yielded  a  firm  assent 
to  all  the  vulgar  notions  respecting  omens,  ap- 
paritions, and  hobgoblins,  and  to  the  supposed 
extraordinary  powers  of  the  professors  of  divina- 
tion and  witchcraft.  How  can  such  persons  as- 
sent, with  intelligence  and  rational  conviction,  to 
the  dictates  of  Revelation  respecting  the  energies 
of  Omnipotence  which  will  be  ererted  at  "  the 
consummation  of  all  things,"  and  in  those  arrange- 
ments which  are  to  succeed  the  dissolution  of  our 
sublunary  system!  A  firm  belief  in  the  Almighty 
Power  and  unsearchable  Wisdom  of  God,  as  dis- 
played in  the  constitution  and  movements  of  the 
material  world,  is  of  the  utmost  importance,  tc 
confirm  our  faith  and  enliven  our  hopes  of  such 
grand  and  interesting  events. 

Notwithstanding  the  considerations  now  stated, 
which  plainly  evince  the  connection  of  the  na- 
tural perfections  of  God  with  the  objects  of  the 
Christian  Revelation,  it  appears  somewhat  strange 
that,  when  certain  religious  instructors  happen  to 
come  in  contact  with  this  topic,  they  seem  as  if 
they  were  beginning  to  tread  upon  forbidden 
ground;  and  as  if  it  were  unsuitable  to  their  of- 
fice as  Christian  teachers,  to  bring  forward  the 
stupendous  works  of  the  Almighty  to  illustrate 
his  nature  and  attributes.  Instead  of  expatiating 
on  the  numerous  sources  of  illustration  of  which 


16 


THE  CHRISTIAN  PHILOSOPHER. 


the  subject  admits,  until  the  minds  of  their  hearers 
are  thoroughly  affected  with  a  view  of  the  essential 
glory  of  Jehovah — they  dispatch  the  subject  witli 
two  or  three  vague  propositions,  which,  though 
logically  true,  make  no  impression  upon  the  heart; 
as  if  they  believed  that  such  conteniplalions  were 
suited  only  to  carnal  nn-n  and  mere  philosophers; 
and  as  if  they  were  afraid  lest  the  sanctity  of  the 
pulpit  should  be  polluted  by  particular  descrip- 
tions of  those  operations  of  the  Deity  vi'hich  are 
perceived  through  the  medium  of  the  corporeal 
senses.  We  do  not  mean  to  insinuate  that  the 
essential  attributes  of  God,  and  the  illustrations 
of  them  derived  from  the  material  world,  should 
form  the  sole  or  the  chief  topics  of  discussion  in 
the  business  of  religious  instruction;  but,  if  the 
Scriptures  frequently  direct  our  attention  to  these 
subjects — if  they  lie  at  the  foundation  of  all  ac- 
curate and  extensive  views  of  the  Christian  Reve- 
lation— if  they  be  the  chief  subjects  of  contempla- 
tion to  angels  and  all  other  pure  intelligences,  in 
every  region  of  the  universe — and  if  they  have  a 
tendency  to  expand  the  minds  of  professed  Chris- 
tians, to  correct  their  vague  and  erroneous  con- 
ceptions, and  to  promote  their  conformity  to  the 
moral  character  of  God — we  cannot  find  out  the 
shadow  of  a  reason  why  such  topics  should  be 
almost,  if  not  altogether  overlooked,  in  the  writ- 
ings and  the  discourses  of  those  who  profess  to 
instruct  mankind  in  the  knowledge  of  God  and 
tlie  duties  of  his  worship. 

We  are  informed  by  our  Saviour  himself,  that 
"this  is  life  eterniii,  to  know  thee  fiie  living  and 
true  God,"  as  well  as  "  Jesus  Christ  whom  he 
hath  sent."  The  knowledge  of  God  in  the  sense 
here  intended,  must  include  in  it  the  knowledge 
of  the  natural  and  essential  attributes  of  the 
Deity,  or  those  properties  of  his  nature  by  which 
he  is  distinguished  from  "  all  the  idols  of  the  na- 
tions." Such  are,  his  Self-existence,  his  All-per- 
fect Knowledge,  his  Omnipresence,  his  Infinite 
Wisdom,  his  Boundless  Goodness  and  Almighty 
Power — attributes  which,  as  we  have  just  now 
seen,  lie  at  the  foundation  of  all  the  other  charac- 
ters and  relations  of  Deity  revealed  in  the  Scrip- 
tures. The  acquisition  of  just  and  comprehensive 
conceptions  of  those  perfections  must  therefore 
lie  at  the  foundation  of  all  profound  veneration 
of  the  Divine  Being,  and  of  all  that  is  valuable  in 
religion.  Destitute  of  such  conceptions,  we  can 
neither  feel  that  habitual  humUiUj,  and  that  reve- 
rence of  the  majesty  of  Jehovah,  which  his  essen- 
tial glory  is  calculated  to  inspire,  nor  pay  him 
that  tribute  of  adoration  and  gratitude  which  is 
due  to  his  name.  Devoid  of  such  views,  we  can- 
not exercisb  that  cordial  acquiescence  in  the  plan 
of  his  redemption,  in  the  arrangements  of  his 
providence,  and  in  the  requirements  of  his  law, 
which  the  Scriptures  enjoin.  Yet,  how  often  do 
we  find  persons  who  pretend  to  speculate  about 
the  mysteries  of  the  Gospel — displaying  by  their 
flippancy  of  speech  respecting  the  eternal  coun- 
sels of  the  Majesty  of  heaven — by  their  dogmati- 
cal assertions  respecting  the  Divine  character,  and 
the  dispensations  of  providence  —  and  by  their 
pertinacious  opinions  respecting  the  laws  by 
which  God  must  regulate  his  own  actions — that 
they  have  never  felt  impressive  emotions  of  the 
grandeur  of  that  Being  whose  "operations  are 
unsearchable,  and  his  ways  past  finding  out!  " 
Though  they  do  not  call  in  question  his  immen- 
sity and  power,  his  wisdom  and  goodness,  as  so 
many  abstract  properties  of  his  nature,  yet,  the 
unbecoming  faTniliarity  with  which  they  approach 
this  August  Being,  and  talk  about  him,  shows  that 
tiiey  have  never  associated  in   their  minds  the 


stupendous  displays  which  have  been  given  of 
these  perfections,  in  the  works  of  his  hands;  and 
that  their  religion  (if  it  may  be  so  called)  consists 
merely  in  a  farrago  of  abstract  opinions,  or  in  an 
empty  name. 

If,  then,  it  be  admitted,  that  it  is  essentially 
requisite,  as  the  foundation  of  religion,  to  have 
the  mind  deeply  impressed  with  a  clear  and  com- 
prehensive view  of  the  natural  perfections  of  the 
Deity,  it  will  follow  that  the  ministers  of  religion, 
and  all  others  whose  province  it  is  to  communi- 
cate religious  instruction,  ought  frequently  to 
dwell  with  particularity  on  those  proofs  and  illus- 
trations which  tend  to  convey  the  most  definite 
and  impressive  conceptions  of  the  gicry  of  that 
Being  whom  we  profess  to  adore.  But  from  what 
sources  are  such  illustrations  to  be  derived?  la 
it  from  abstract  reasonings  and  metaphysical  dis- 
tinctions and  definitions,  or  from  a  survey  of  those 
objects  and  movements  which  lie  open  to  the  in- 
spection of  every  observer?  There  can  be  no 
difficulty  in  coming  to  a  decision  on  this  point. 
We  might  affirm,  with  the  schoolmen,  that  "  God 
is  a  Being  whose  center  is  everywhere,  and  his 
circumference  nowhere;"  that  "he  comprehends 
infinite  duration  in  every  moment;"  and  tha^ 
"infinite  space  maybe  considered  as  the  senso- 
riuyn  of  the  Godhead;"  but  such  fanciful  illustra 
tions,  when  strictly  analyzed,  will  be  found  to 
consist  merely  of  words  without  ideas.  We 
might  also  affirm,  with  truth,  that  God  is  a  Being 
of  infinite  perfection,  glory,  and  blessedness — that 
he  is  without  uU  bounds  or  limits,  either  actual  or 
possible — that  he  is  possessed  of  power  sufficient 
to  perform  all  things  which  do  not  imply  a  con- 
tradiction— that  he  is  independent  and  self-suffi- 
cient— that  his  wisdom  is  unerring,  and  that  ha 
infinitely  exceeds  all  other  beings.  But  these, 
and  other  expressions  of  a  similar  kind,  are  men 
technical  terms,  which  convey  no  adequate,  nor 
even  tolerable  notion  of  what  they  import.  Be- 
ings, constituted  like  man,  whose  rational  spirits 
are  connected  with  an  organical  structure,  and 
who  derive  all  their  knowledge  through  the  me- 
dium of  corporeal  organs,  can  derive  their  clearest 
and  most  affecting  notions  of  the  Divinity  chiefly 
through  the  same  medium;  namely,  by  contem- 
plating the  effects  of  his  perfections,  as  displayed 
through  the  ample  range  of  the  visible  creation 
And  to  this  source  of  illustration,  the  inspired 
writers  uniformly  direct  our  views — "  Lift  up 
your  eyes  on  high,  and  behold!  who  hath  created 
these  orbs  ?  who  bringeth  forth  their  host  by 
number,  and  calleth  them  all  by  their  names? 
The  everlasting  God,  the  Lord,  by  the  greatness 
of  his  might,  for  that  he  is  strong  in  power," — 
"  He  hath  made  the  earth  bj'  his  power;  he  hath 
established  the  world  by  his  wisdom  ;  he  hath 
stretched  out  the  heavens  by  his  understanding." 
— These  writers  do  not  perplex  our  minds  by  a 
multitude  of  technical  terms  and  subtile  reason- 
ings; but  lead  us  directly  to  the  source  whence 
our  most  ample  conceptions  of  Deity  are  to  be 
derived,  that,  from  a  steady  and  enlightened  con- 
templation of  the  effects,  we  may  learn  the  great- 
ness of  the  Cause  ;  and  their  example  in  tbia 
respect  ought,  doubtless,  to  be  a  pattern  for  everr 
religious  instructor. 


SECTION    II. 
Illustrations  of  the  omnipotence  of  the  dettt. 

In  order  to  elucidate  more  distinctly  what  has 
been  now  stated,  I  shall  select  a  few  illustrations 
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of  some  of  the  natural  attributes  of  the  Deity. 
Aud,  in  the  first  jjlace,  I  shall  offer  a  few  consi- 
derations which  have  a  tendency  to  direct  and  to 
amplify  our  conceptions  of  Divine  Power. 

Omnipotence  is  that  attribute  of  the  Divine 
Being,  by  which  he  can  accomplish  everything 
that  (Joes  not  imply  a  contradiction — however  far 
it  may  transcend  the  comprehension  of  finite 
minds.  By  his  power  the  vast  system  of 
universal  nature  was  called  from  nothing  into 
existence,  and  is  continually  supported  in  all  its 
movements,  from  age  to  age. — In  elucidating  this 
perfection  of  God,  we  might  derive  some  striking 
illustrations  from  the  records  of  his  dispensations 
toward  man,  in  the  early  ages  of  the  world — 
When  he  overwhelmed  the  earth  with  a  deluge, 
which  covered  the  tops  of  the  highest  mountains, 
and  swept  the  crowded  population  of  the  ancient 
world  into  a  watery  grave — when  he  demolished 
Sodom  and  Gomorrah,  and  the  cities  around 
tliem,  with  fire  from  heaven — when  he  slew  all 
tlie  first-born  of  Egypt,  and  turned  their  rivers 
into  blood — when  he  divided  the  Red  sea  and  the 
waters  of  Jordan,  before  the  tribes  of  Israel — 
when  he  made  the  earth  open  its  jaws  and  swal- 
low up  Korah  and  all  his  company — and  when 
he  caused  mount  Sinai  to  smoke  and  tremble  at 
his  presence.  But  these  and  similar  events,  how- 
ever awful,  astonishing,  and  worthy  of  remem- 
brance, were  only  transitory  exertions  of  Divine 
pov/er,  and  are  not  calculated,  and  were  never 
intended,  to  impress  the  mind  in  so  powerful  a 
manner  as  those  displays  of  Omnipotence  which 
are  exhibited  in  the  ordinary  movements  of  the 
material  universe.  We  have  no  hesitation  in 
asserting,  that,  with  regard  to  thi."!  attribute  of  the 
Divinity,  there  is  a  more  grand  and  impressive 
display  in  the  Works  of  Nature  than  in  all  the 
events  recorded  in  the  Sacred  History.  Nor 
oaight  this  remark  to  be  considered  as  throwing 
the  least  reflection  on  the  fullness  and  sufficiency 
of  the  Scripture  Revelation;  for  that  revelation, 
a.s  having  a  special  reference  to  a  moral  economy, 
has  for  its  object,  to  give  a  more  particular  dis- 
play of  the  moral  than  of  the  natural  perfections 
of  God.  The  miracles  to  which  we  have  now 
referred,  and  every  other  supernatural  fact  re- 
corded in  the  Bible,  were  not  iniended  so  much  to 
display  the  plenitude  of  the  power  of  the  Deity,  as 
to  bear  testimony  to  the  Divine  mission  of  parti- 
cular messengers,  and  to  confirm  the  truths  they 
declared.  It  was  not,  for  example,  merely  to  dis- 
play the  energies  of  Almighty  power,  that  the 
waters  of  the  Red  sea  were  dried  up  before  the 
thousands  of  Israel,  but  to  give  a  solemn  and 
striking  attestation  to  all  concerned,  that  the  Most 
High  God  had  taken  this  people  under  his  pecu- 
liar protection — that  he  had  appointed  Moses  as 
tlieir  leader  and  legislator — and  that  they  were 
bound  tc  receive  and  obey  the  statutes  he  deli- 
vered. The  most  appropriate  and  impressive 
illustrations  of  Omnipotence  are  those  which  are 
taken  from  the  permanent  operations  of  Deity, 
which  are  visible  every  moment  in  the  universe 
around  us;  or,  in  other  words,  those  which  are 
derived  from  the  facts  which  have  been  observed 
in  the  material  world,  respecting  magnitude  and 
motion. 

In  the  first  place,  the  immense  quantity  of  matter 
contained  in  the  universe,  presents  a  most  striking 
display  of  Almighty  power. 

In  endeavoring  to  form  a  definite  notion  on 
this  subject,  the  mind  is  bewildered  in  its  concep- 
tions, and  is  at  a  loss  where  to  begin  or  to  end  its 
excursions.  In  order  to  form  something  approxi- 
mating to  a  well-defined  idea,  we  must  pursue  a 


train  of  thought  commencing  with  those  magni- 
tudes which  the  mind  can  easily  grasp,  proceeding 
through  all  the  higher  gradations  of  magnitude, 
and  fixing  the  attention  on  every  portion  of  the 
chain,  until  we  arrive  at  the  object  or  magnitude 
of  which  we  wish  to  form  a  conception.  Wo 
must  endeavor,  in  the  first  place,'  to  form  a  con- 
ception of  the  bulk  of  the  world  in  which  we 
dwell,  which,  though  only  a  point  in  comparison 
of  the  whole  material  universe,  is  in  reality,  a 
most  astonishing  magnitude,  which  the  mind  can- 
not grasp  without  a  laborious  effort.  We  can 
form  some  definite  idea  of  those  protuberant 
masses  we  denominate  hills,  which  rise  above  tho 
surface  of  our  plains;  but  were  we  transported  to 
the  mountainous  scenery  of  Switzerland,  to  the 
stupendous  range  of  the  Andes  in  South  America, 
or  to  the  Himalayan  mountains  in  India,  where 
masses  of  earth  and  rocks,  in  every  variety  of 
shape,  extend  several  hundreds  of  miles  in  differ- 
ent directions,  and  rear  their  projecting  summits 
beyond  tlie  region  of  the  clouds — we  siiould  find 
some  difficulty  in  forming  an  adequate  concep- 
tion of  the  objects  of  our  contemplation.  For 
(to  use  the  words  of  one  who  had  been  a  specta- 
tor of  such  scenes),  "Amidst  those  trackless  re- 
gions of  intense  silence  and  solitude,  we  cannot 
contemplate,  but  with  feelings  of  awe  and  admi- 
ration, the  enormous  masses  of  variegated  matter 
which  lie  around,  beneath,  and  above  us.  The 
mind  labors,  as  it  were,  to  form  a  definite  idea  of 
those  objects  of  oppressive  grandeur,  and  feels 
unable  to  grasp  the  august  objects  whicli  comjiose 
the  surrounding  scene."  But  vv^hat  are  all  thesa 
mountainous  masses,  however  variegated  and  sub- 
lime, when  compared  with  the  bulk  of  the  whole 
earth?  Were  they  hurled  from  their  bases,  and 
precipitated  into  the  vast  Pacific  ocean,  they 
would  all  disappear  in  a  moment,  except  perhaps 
a  few  projecting  tops,  which,  like  a  number  of 
small  islands,  might  be  seen  rising  a  few  fathoms 
above  the  surface  of  the  waters. 

The  earth  is  a  globe,  whose  diameter  is 
nearly  8000  miles,  and  its  circumference  about 
25,000,  and  consequently,  its  surface  contains 
nearly  two  hundred  millions  of  square  miles — a 
magnitude  too  great  for  the  mind  to  take  in 
at  one  conception.  In  order  to  form  a  tolera- 
ble conception  of  the  whole,  we  must  endea- 
vor to  take  a  leisurely  survey  of  its  different 
parts.  Were  we  to  take  our  station  on  the  top 
of  a  mountain,  of  a  moderate  size,  and  survey 
the  surrounding  landscape,  we  sliould  perceive  an 
exteut  of  view  stretching  40  miles  in  every  direc- 
tion, forming  a  circle  80  miles  in  diameter,  and 
250  in  circumference,  and  comprehending  an  area 
of  5000  square  miles.  In  such  a  situation,  the 
terrestrial  scene  around  and  beneath  us — consist- 
ing of  hills  and  plains,  towns  and  villages,  rivers 
and  lakes — would  form  one  of  the  largest  objects 
which  the  eye,  or  even  the  imagination,  can  stea- 
dily grasp  at  one  time.  But  such  an  object, 
grand  and  extensive  as  it  is,  forms  Jio  more  than 
the  forty  thousandth  part  of  the  terraqueous 
globe:  so  that,  before  we  can  acquire  an  adequate 
conception  of  the  magnitude  of  our  own  world,  we 
must  conceive  40,000  landscapes,  of  a  similar  ex- 
tent, to  pass  in  review  before  us;  and,  were  a 
scene,  of  the  magnitude  now  stated,  to  pass  before 
us  every  hour,  until  all  the  diversified  scenery  of 
the  earth  were  brought  under  our  view,  and  were 
twelve  hours  a-day  allotted  for  the  observation,  it 
would  require  nine  years  and  forty-eight  days 
before  the  whole  surface  of  the  globe  could  bo 
contemplated,  even  in  this  general  and  rapid  man- 
ner.   But,  such  a  variety  of  successive  landscapes 
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passing  before  the  eye,  even  altlioiigh  it  were 
possible  to  be  realized,  would  convey  only  a  very 
vague  and  imperfect  conception  of  the  scenery 
of  our  world;  for  objects  at  the  distance  of  forty 
miles  cannot  be  distinctly  perceived;  the  only 
view  which  would  be  satisfactory  would  be  that 
which  is  comprehended  within  the  range  of  three 
or  four  miles  from  the  spectator. 

Again,  I  have  already  stated,  that  the  surface 
of  the  earth  contains  nearly  200,000,000  of  square 
miles. — Now,  were  a  person  to  set  out  on  a  mi- 
nute survey  of  the  terraqueous  globe,  and  to  travel 
until  lie  passed  along  every  square  mile  on  its 
surface,  and  to  continue  his  route  without  inter- 
mission, at  the  rate  of  30  miles  every  day,  it 
would  require  18,264  years  before  he  could  finish 
his  tour,  and  complete  the  survey  of  "  this  huge 
rotundity  on  ■which  we  tread:"  so  that,  had  he 
commenced  his  excursion  on  the  day  on  which 
Adam  was  created,  and  continued  it  to  the  present 
hour,  he  would  not  have  accomplished  one-third 
part  of  this  vast  tour. 

In  estimating  the  size  and  extent  of  the  earth, 
we  ought  also  to  talce  into  consideration,  the  vast 
variety  of  objects  with  which  it  is  diversified,  and 
the   numerous  animated  beings  with  which  it  is  I 
stored; — the   great  divisions  of  land  and  water, 
the  continents,  seas,  and  islands,  into  which  it  is  I 
distributed;  the  lofty  ranges  of  mountains  which  { 
rear  their  heads  to  the  clouds;  the  unfathomable 
abysses    of    the    ocean;    its   vast    subterraneous 
caverns  and  burning  mountains;   and  the  lakes,  J 
rivers,  and    stately  forests,   with  which    it  is  so  I 
magnificently  adorned;  —  the   many  millions    of  | 
animals,  of  every  size  and  form,  from  the  elephant 
to  the  mite,  which  traverse  its  surface;  the  nume- 
rous tribes  of  fishes,  from  the  enormous  whale  to 
the    diminutive    shrimp,    which    "  play"    in    the  j 
mighty  ocean;  tlie  aerial  tribes  which  sport  in  the 
regions  above  us,  and  the  vast  mass  of  the  sur- 
rounding atmosphere,  which  encloses  the  earth 
and  all  its  inhabitants,  as  "  with  a  swaddling  band." 
The  immense  variety  of  beings  with  which   our 
terrestrial   habitation  is  furnished,  conspires,  with 
every  other  consideration,  to  exalt  our  concep- 
tions of  that  Power  by  which  our  globe,  and  all 
that  it  contains,  were  brought  into  existence. 

The  preceding  illustrations,  however,  exhibit 
the  vast  extent  of  the  earth,  considered  only  as  a 
mere  superficies.  But  we  know  that  the  earth  is 
a  solid  globe,  whose  specific  gravity  is  nearly  five 
times  denser  than  water,  or  about  twice  as  dense 
as  the  mass  of  earth  and  rocks  which  compose  its 
surface.  Though  we  cannot  dig  into  its  bowels 
beyond  a  mile  in  perpendicular  depth,  to  explore 
its  hidden  wonders,  yet  we  may  easily  conceive 
what  a  vast  and  indescribable  mass  of  matter 
must  be  contained  between  the  two  opposite  por- 
tions of  its  external  circumference,  reaching  8000 
miles  in  every  direction.  The  solid  contents  of 
this  ponderous  ball  is  no  less  than  263,858,149,120 
cubical  miles — a  mass  of  material  substance  of 
which  we  can  form  but  a  very  faint  and  imperfect 
conception:  in  proportion  to  which,  all  the  lofty 
mountains  which  rise  above  its  surface,  are  less 
than  a  few  grains  of  sand,  when  compared  with 
the  largest  artificial  globe.  Were  the  earth  a  hol- 
low sphere,  surrounded  merely  with  an  external 
«liell  of  earth  and  water  ten  miles  thick,  its  inter- 
nal cavity  would  be  sufficient  to  contain  a  quan- 
tity of  materials  ove  hundred  and  thirty-three  times 
greater  than  the  whole  mass  of  continents,  islands, 
and  oceans,  on  its  surface,  and  the  foundations  on 
which  they  are  supported.  We  have  the  strongest 
reasons,  however,  to  conclude,  that  the  earth,  in 
its  general  structure,  is  one  solid  mass,  from  the 


surface  to  the  center,  excepting,  perhaps,  a  few 
caverns  scattered  here  and  there  amidst  its  sub- 
terranean recesses;  and  that  its  density  gradually 
increases  from  its  surface  to  its  central  regions. 
What  an  enormous  mass  of  materials,  then,  ia 
comprehended  within  the  limits  of  the  globe  on 
which  we  tread!  The  mind  labors,  as  it  were,  to 
comprehend  the  mighty  idea,  and,  after  all  its  ex- 
ertion, feels  itself  unable  to  take  in  such  an  aston- 
ishing magnitude  at  one  comprehensive  grasp- 
How  great  must  be  the  power  of  that  Being  who 
commanded  it  to  spring  from  notliing  into  exist- 
ence, who  "  measures  the  ocean  in  the  hollow  of 
his  hand,  who  weigheth  the  mountains  in  scales, 
and  hangeth  the  earth  upon  nothing!" 

It  is  essentially  requisite,  before  proceeding  to 
the  survey  of  objects  and  magnitudes  of  a  supe- 
rior order,  that  we  should  endeavor,  by  such  a 
train  of  thought  as  the  preceding,  to  form  some 
tolerable  and  clear  conception  of  the  bulk  of  *he 
globe  we  inhabit;  for  it  is  the  only  body  we  can 
use  as  a  standard  of  comparison  to  guide  the  mind 
in  its  conceptions,  when  it  roams  abroad  to  other 
regions  of  material  existence.  And  from  what 
has  been  now  stated,  it  appears,  that  we  have  no 
adequate  conception  of  a  magnitude  of  so  vast  an 
extent;  or  at  least,  that  the  mind  cannot,  in  any 
one  instant,  form  to  itself  a  distinct  and  compre- 
hensive idea  of  it,  in  any  measure  corresponding 
to  the  reality. 

Hitherto,  then,  we  have  fixed  only  on  a  deter- 
minate magnitude — on  a  scale  of  a  few  inches,  as 
it  were,  in  order  to  assist  us  in  our  measurement 
and  conception  of  magnitudes  still  more  august 
and  astonishing.  When  we  contemplate  by  the 
light  of  science,  those  magnificent  globes  which 
float  around  us  in  the  concave  of  the  sky,  the 
earth,  with  all  its  sublime  scenery,  stupendous  as 
it  is,  dwindles  into  an  inconsiderable  ball.  If  we 
pass  from  our  globe  to  some  of  the  other  bodies 
of  the  planetary  system,  we  shall  find  that  one 
of  these  stupendous  orbs  is  more  than  900  times 
the  size  of  our  world,  and  encircled  with  a  ring 
200,000  miles  in  diameter,  which  would  nearly 
reach  from  the  earth  to  the  moon,  and  would  en- 
close within  its  vast  circumference  several  hun- 
dreds of  worlds  as  large  as  ours.  Another  of 
these  planetary  bodies,  which  appears  to  the  vul- 
gar eye  only  as  a  brilliant  speck  on  the  vault  of 
heaven,  is  found  to  be  of  such  a  size,  that  it  would 
require  1400  globes  of  the  bulk  of  the  earth  to 
form  one  equal  to  it  in  dimensions.  The  whole 
of  the  bodies  which  compose  the  solar  system 
(without  taking  the  sun  and  the  comets  into  ac- 
count) contain  a  mass  of  matter  2500  times  great- 
er than  that  of  the  earth.  The  sun  itself  is  520 
times  larger  than  all  the  planetary  globes  taken 
together;  and  one  million  three  hundred  thousand 
times  larger  than  the  terraqueous  globe.  This  is 
one  of  the  most  glorious  and  magnificent  visible 
objects  which  either  the  eye  or  the  imaginjtion 
can  contemplate;  especially  when  wo  consider, 
what  perpetual,  and  incomprehensible,  and  pow- 
erful influence  it  exerts — what  warmth,  and  beau- 
ty, and  activity  it  diffuses,  not  only  on  the  globe 
we  inhabit,  but  over  tlie  more  extensive  regions 
of  surrounding  worlds.  Its  energy  extends  to  the 
utmost  limits  of  the  planetary  system — to  the 
planet  Herschel  wliicli  revolves  at  the  distance  of 
ISOO  millions  of  miles  from  its  surface,  and  there 
it  dispenses  light,  and  color,  and  comfort,  to  all 
the  beings  connected  with  that  far  distant  orb,  and 
to  all  the  moons  which  roll  around  it. 

Here  the  imagination  begins  to  l»e  overpowered 
and  bewildered  in  its  conceptions  of  magnitude, 
when  it  has  advanced  scarcely  a  single  step  in  its 
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excursions  through  the  material  world.  For  it  is 
highly  probable,  that  all  the  matter  contained 
within  tlie  limits  of  the  solar  system,  incompre- 
hensible as  its  magnitude  appears,  bears  a  smaller 
proportion  to  the  whole  mass  of  the  material  uni- 
verse, than  a  single  grain  of  sand  to  all  the  parti- 
cles of  matter  contained  in  the  body  of  the  sun 
and  his  attending  planets. 

If  we  extend  our  views  from  the  solar  system 
to  the  starry  heavens,  we  have  to  penetrate,  in  our 
imagination,  a  space  which  the  swiftest  ball  that 
was  ever  projected,  though  in  perpetual  motion, 
would  not  traverse  in  ten  hundred  tliousand 
years.  In  those  trackless  regions  of  immensity, 
we  behold  an  assemblage  of  resplendent  globes, 
similar  to  the  sun  in  size  and  in  glory,  and  doubtless 
accompanied  with  a  retinue  of  worlds,  revolving 
like  our  own  around  their  attractive  influence. 
The  immense  distance  at  which  the  nearest  stars 
are  known  to  be  placed  proves  that  they  are  bodies 
of  a  prodigious  size,  not  inferior  to  our  own  sun, 
and  that  they  shine  not  by  reflected  rays,  but  by 
tlieir  own  native  light.  But  bodies  encircled  with 
Buch  refulgent  splendor  would  be  of  little  use  in 
tlie  economy  of  Jehovah's  empire,  unless  sur- 
rounding worlds  were  cheered  by  their  benign 
influence,  and  enlightened  by  their  beams.  Every 
star  is,  therefore,  with  good  reason,  concluded  to 
be  a  sun,  no  less  spacious  than  ours,  surrounded 
by  a  host  of  planetary  globes,  which  revolve 
around  it  as  a  center,  and  derive  from  it  light  and 
heat  and  comfort.  Nearly  a  thousand  of  these 
luminaries  may  be  seen  in  a  clear  winter  night  by 
the  naked  eye;  so  that  a  mass  of  matter  equal  to 
a  thousand  solar  systems,  or  to  thirteen  hundred 
and  twentij  millions  of  globes  of  the  size  of  the  earth, 
may  be  perceived  by  every  common  observer  in 
tlie  canopy  of  heaven.  But  all  the  celestial  orbs 
which  are  perceived  by  the  unassisted  sight  do  not 
form  the  eighty  thousandth  part  of  those  which 
may  be  descried  by  the  help  of  optical  instru- 
ments. The  telescope  has  enabled  us  to  descry  in 
certain  spaces  in  the  heavens,  thousands  of  stars 
where  the  naked  eye  could  scarcely  discern  twenty. 
The  late  celebrated  astronomer,  Dr.  Herschel,  has 
informed  us,  that  in  the  most  crowded  parts  of  the 
Milky-way,  when  exploring  that  region  with  his 
best  glasses,  he  has  had  fields  of  view  which  con- 
tained no  less  than  588  stars,  and  these  were  con- 
tinued for  many  minutes;  so  that  "  in  one  quarter 
of  an  hour's  time  there  passed  no  less  than  one 
hundred  and  sixteen  thousand  stars  through  the 
field  of  view  of  his  telescope." 

It  has  been  computed,  that  nearly  one  hundred 
millions  of  stars  might  be  perceived  by  the  most 
perfect  instruments,  were  all  the  regions  of  the 
sky  thoroughly  explored;  and  yet,  all  this  vast  as- 
.semblage  of  suns  and  worlds,  when  compared 
with  wliat  lies  beyond  the  utmost  boundaries  of 
human  vision,  in  the  immeasurable  spaces  of  cre- 
ation, may  be  no  more  than  as  the  smallest  par- 
ticle of  vapor  to  the  immense  ocean.  Immeasu- 
rable regions  of  space  lie  beyond  the  utmost  limits 
of  mortal  view,  into  which  even  imagination  itself 
can  scarcely  penetrate,  and  which  are,  doubtless, 
replenished  with  the  operations  of  Divine  Wisdom 
and  Omnipotence.  For  it  cannot  be  supposed 
that  a  being  so  diminutive  as  man,  whose  stature 
scarcely  exceeds  six  feet — who  vanishes  from  the 
Bight  at  the  distance  of  a  league — whose  whole 
habitation  is  invisible  from  the  nearest  star — 
whose  powers  of  vision  are  so  imperfect,  and 
whose  mental  faculties  are  so  limited — it  cannot 
be  supposed  that  man, who  "dwells  in  tabernacles 
of  clay,  who  is  crushed  before  the  niotli,"  and 
chained  down,  by  the  force  of  gravitation,  to  the 


surface  of  a  small  planet,  should  be  able  to  descry 
the  utmost  boundaries  of  the  empire  of  Him  wiio 
fills  immensity,  and  dwells  in  "  light  inapproach- 
able." That  portion  of  his  dominions,  however, 
which  lies  within  the  range  of  our  view,  presents 
such  a  scene  of  magnificence  and  grandeur,  as 
must  fill  the  mind  of  every  reflecting  person  with 
astonishment  and  reverence,  and  constrain  him  to 
exclaim,  "  Great  is  our  Lord,  and  of  great  power, 
his  understanding  is  infinite."  "  Wiien  I  consider 
thy  heavens,  the  work  of  thy  fingers,  the  moon 
and  the  stars,  which  thou  hast  ordained;  what  is 
man,  that  thou  art  mindful  of  him?"  "  I  have 
heard  of  thee  by  the  hearing  of  the  ear;"  I  have 
listened  to  subtile  disquisitions  on  thy  character 
and  perfections,  and  have  been  but  little  aff*ected; 
"  but  now  mine  eye  seeth  thee:  wherefore  I  hum- 
ble myself,  and  repent  in  dust  and  ashes." 

In  order  to  feel  the  full  force  of  the  impression 
made  by  such  contemplations,  the  mind  must 
pause  at  every  step  in  its  excursions  through  the 
boundless  regions  of  material  existence;  for  it  is 
not  by  a  mere  attention  to  the  figures  and  num- 
bers by  which  the  magnitudes  of  the  great  bodies 
of  the  universe  are  expressed,  that  we  arrive  at 
the  most  distinct  and  ample  conceptions  of  objects 
so  grand  and  overwhelming.  The  mind,  in  its 
intellectual  range,  must  dwell  on  every  individual 
scene  it  contemplates,  and  on  the  various  objects 
of  which  it  is  composed.  It  must  add  scene  to 
scene,  magnitude  to  magnitude,  and  compare 
smaller  objects  with  greater — a  range  of  moun- 
tains with  the  whole  earth,  the  earth  with  the 
planet  Jupiter,  Jupiter  with  the  sun,  the  sun  with 
a  thousand  stars,  a  thousand  stars  with  eighty  mil- 
lions, and  eighty  millions  with  all  the  boundless 
extent  which  lies  beyond  the  limits  of  mortal 
vision;  and,  at  every  step  of  this  mental  process, 
sufficient  time  must  be  allowed  for  the  imagina- 
tion to  expatiate  on  the  objects  before  it,  until  tho 
ideas  approximate,  as  near  as  possible,  to  the  re- 
ality. In  order  to  form  a  comprehensive  concep- 
tion of  the  extent  of  the  terraqueous  globe,  the 
mind  must  dwell  on  an  extensive  landscape,  and 
the  objects  with  which  it  is  adorned:  it  must  en- 
deavor to  survey  the  many  thousands  of  diversi- 
fied landscapes  which  the  earth  exhibits — the  hills 
and  plains,  the  lakes  and  rivers  and  mountains, 
which  stretch  in  endless  variety  over  its  surface: 
it  must  dive  into  the  vast  caverns  of  the  ocean — 
penetrate  into  the  subterraneous  regions  of  tho 
globe,  and  wing  its  way,  amidst  clouds  and  tem- 
pests, through  the  surrounding  atmosphere.  It 
must  next  extend  its  flight  through  the  more  ex- 
pansive regions  of  the  solar  system — realizing,  in 
imagination,  those  magnificent  scenes  which  can 
be  descried  neither  by  the  naked  eye  nor  by  the 
telescope;  and  comparing  the  extent  of  our  sub- 
lunary world  with  the  more  magnificent  globes 
that  roll  around  us.  Leaving  the  sun  and  all  his  at- 
tendant planets  behind,  until  they  have  diminished 
to  the  size  of  a  small  twinkling  star,  it  must  next 
wing  its  way  to  the  starry  regions,  and  pass  from 
one  system  of  worlds  to  another,  from  one  Ne- 
bula* to  another,  from  one  region  of  Nebulre  to 
another,  until  it  arrive  at  the  utmost  boundaries 
of  creation  which  human  genius  has  explored.  It 
must  also  endeavor  to  extend  its  flight  beyond  all 
that  is  visible  by  the  best  telescopes,  and  expatiate 
at  large  in  that  boundless  expanse  into  which  no 
human  eye  has  yet  penetrated,  and  which  is  doubt- 
less replenished  with  other  worlds,  and  systems, 
and  firmaments,  where  the  operations  of  infinite 
power  and  beneficence  are  displayed,  in  endless 

'  For  an  account  of  the  JVelntLx,  see  ch.  ii,  Art.  Astronomy, 
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variety,  tliroughout  the   illimitable    regions    of 
space. 

Here,  then,  with  reverence,  let  us  pause  and 
wonder  1  Over  all  this  vast  assemblage  of  mate- 
rial existence,  God  presides.  Amidst  the  diversi- 
fied objects  and  intelligences  it  contains,  he  is 
eternally  and  essentially  present.  By  his  unerring 
wisdom,  all  its  complicated  movements  are  direct- 
ed. By  his  Almighty  fiat,  it  emerged  from  notbing 
into  existence,  and  is  continually  supported  from 
age  to  age.     "He  spake,  and  it  was  done;  He 

COMKAXDED,  AND  IT    STOOD    FAST."       "  By  the  WOrd 

of  the  Lord  were  the  heavens  made,  and  all  tlie 
host  of  them  by  the  spirit  of  his  mouth."  What 
an  astonishing  display  of  Divine  power  is  here 
exhibited  to  our  view!  How  far  transcending  all 
finite  comprehension  must  be  the  energies  of  Him 
who  only  "spake,  and  it  was  done;"  who  only 
gave  the  command,  and  this  mighty  system  of  the 
universe,  with  ail  its  magnificence,  started  into 
being!  The  inJinite  ease  with  which  this  vast 
fabric  was  reared,  leads  us  irresistibly  to  conclude 
that  there  are  powers  and  energies  in  the  Divine 
mind  which  have  never  yet  been  exerted,  and 
which  may  unfold  themselves  to  intelligent  be- 
ings, in  the  production  of  still  more  astonishing 
and  inagnificent  effects,  during  an  endless  succes- 
sion of  existence.  That  man  who  is  not  impress- 
ed with  a  venerable  and  overwhelming  sense  of 
the  povifer  and  majesty  of  Jehovah  by  such  con- 
templations, must  have  a  mind  incapable  of  ardent 
religious  emotions,  and  unqualified  for  appreciating 
the  grandeur  of  that  Being  "  whose  kingdom  ruleth 
over  all."  And  shall  such  ennobling  views  he 
completely  withheld  from  a  Christian  audience? 
Shall  it  be  considered  as  a  matter  of  mere  indif- 
ference whether  their  views  of  the  Creator's 
works  be  limited  to  the  sphere  of  a  few  miles 
around  them,  or  extended  to  ten  thousand  worlds? 
— whether  tiiey  shall  be  left  to  view  the  operations 
of  the  Almighty  throughout  eternity  past  and  to 
come,  as  confined  to  a  small  globe,  placed  in  the 
immensity  of  space,  with  a  number  of  brilliant 
studs  fixed  in  the  arch  of  heaven,  at  a  few  miles' 
distance,  or,  as  extending  through  the  boundless 
dimensions  of  space? — whether  they  shall  be  left 
to  entertain  no  higiier  idea  of  the  Divine  Majesty 
than  what  may  be  due  to  one  of  the  superior  or- 
ders of  the  seraphim  or  cherubim;  or,  whether 
they  shall  be  directed  to  form  the  most  august 
conceptions  of  the  King  eternal,  immortal,  and 
invisible,  corresponding  to  the  displays  he  has 
given  of  his  glory  in  his  visible  works?  If  it  be 
not,  both  reason  and  piety  require  that  such  illus- 
trations of  the  Divine  perfections  should  occa- 
sionally be  exhibited  to  tbeir  view. 

In  the  next  place,  the  rapid  motions  of  the  great 
bodies  of  the  universe,  no  less  than  their  magni- 
tudes, display  the  Infinite  power  of  the  Creator. 

We  can  acquire  accurate  ideas  of  the  relative 
velocities  of  moving  bodies,  only  by  comparing 
the  motions  with  which  we  are  familiar  with  one 
another,  and  with  those  which  lie  beyond  the  ge- 
neral range  of  our  minute  inspection.  We  can 
acquire  a  pretty  accurate  conception  of  the  ve- 
locity of  a  ship  impelled  by  the  wind — of  a  steam- 
boat— of  a  race-horse — of  a  bird  darting  through 
the  air — of  an  arrow  flying  from  a  bow — and  of 
the  clouds  when  impelled  by  a  stormy  wind.  The 
velocity  of  a  ship  is  from  8  to  12  miles  an  hour, — 
of  a  race-horse,  from  20  to  .30  miles, — of  a  bird, 
say  from  50  to  60  miles,  and  of  the  clouds,  in  a 
violent  hurricane,  from  80  to  100  miles  an  hour. 
The  motion  of  a  ball  from  a  loaded  cannon  is  in- 
comparably swifter  than  any  of  the  motions  now 
stated:  but  of  the  velocity  of  such  a  body  wo  havo 


a  less  accurate  idea;  because,  its  rapidity  being  s« 
great,  we  cannot  trace  it  distinctly  by  the  eye 
through  its  whole  range,  from  the  mouth  of  the 
cannon  to  the  object  against  which  it  is  impelled 
By  experiments,  it  has  been  found  that  its  rate  of 
motion  is  from  480  to  800  miles  in  an  hour,  but  it 
is  retarded  every  moment  by  the  resistance  of  the 
air  and  the  attraction  of  the  earth.  This  velocity, 
however,  great  as  it  is,  bears  no  sensible  propor- 
tion to  the  rate  of  motion  which  is  found  among 
the  celestial  orbs.  That  such  enormous  masses 
of  nSatter  should  move  at  all  is  wonderful:  but 
when  we  consider  the  amazing  velocity  with 
which  they  are  impelled,  we  are  lost  in  astonish- 
ment. The  planet  Jupiter,  in  describing  its  cir- 
cuit round  the  sun,  moves  at  the  rate  of  29,000 
miles  an  hoar.  The  planet  Venus,  one  of  tlie 
nearest  and  most  brilliant  of  the  celestial  bodies, 
and  about  the  same  size  as  the  earth,  is  found  to 
move  through  the  spaces  of  the  firmament  at  tlie 
rate  of  76,000  miles  an  hour;  and  the  planet  Mer- 
cury, with  a  velocity  of  no  less  than  105,000 
miles  an  hour,  or  1750  miles  in  a  minute — a  mo- 
tion two  hundred  times  swifter  tlian  that  of  a  can- 
non ball. 

These  velocities  will  appear  still  more  astonish- 
ing, if  we  consider  the  magnitude  of  the  bodies 
which  are  thus  impelled,  and  the  immense  forces 
whicli  are  requisite  to  carry  them  along  in  their 
courses.  However  rapidly  a  ball  flies  from  the 
mouth  of  a  cannon,  it  is  the  flight  of  a  body  of 
only  a  Jew  inches  in  diameter;  but  one  of  tlie  bo- 
dies, whose  motion  has  been  just  now  stated,  is 
eiqltt.Tj-nine  thousand  miles  in  diameter,  and  would 
comprehend  within  its  vast  circumference  more 
than  a  tliousand  globes  as  large  as  the  earth. — 
Could  we  contemplate  such  motions  from  a  fixed 
point,  at  the  distance  of  only  a  few  hundreds  of 
miles  from  the  bodies  thus  impelled — it  would 
raise  our  admiration  to  its  highest  pitch,  it  would 
overwhelm  all  our  faculties,  and,  in  our  present 
state  would  produce  an  impression  of  awe,  and 
even  of  terror,  beyond  the  power  of  language  to 
express.  The  eaith  rontains  a  mass  of  matter 
equal  in  weight  to  at  least  2,200,000,000,000,000,- 
000,000,  or  more  than  two  thousand  trillions  of 
tons,  supposing  its  mean  density  to  be  only  about 
21^  times  greater  than  water.  To  move  this  pon- 
derous mass,  a  single  inch  beyond  its  position, 
were  it  fixed  in  a  quiescent  state,  would  require  a 
mechanical  force  almost  beyond  the  power  of 
numbers  to  express.  The  physical  force  of  all 
the  myriads  of  intelligences  within  the  bounds 
of  the  planetary  system,  though  their  powers  were 
far  superior  to  those  of  man,  would  be  altogether 
inadequate  to  the  production  of  such  a  motioik 
How  much  more  must  be  the  force  requisite  to 
impel  it  with  a  velocity  one  hundred  and  forty 
times  swifter  than  a  cannon  ball,  or  68,000  miles 
an  hour,  the  actual  rate  of  its  motion,  in  itscoursa 
round  the  sun!  But  whatever  degree  of  mechani- 
cal power  would  be  requisite  to  produce  such  a 
stupendous  effect,  it  would  require  a  force  oi» 
hundred  and  fifty  times  greater  to  impel  the  planet 
Jupiter,  in  its  actual  course,  through  the  heavens! 
Even  the  planet  Saturn,  one  of  the  slowest  mov- 
ing bodies  of  our  system,  a  globe  900  times  larger 
than  the  earth,  is  impelled  through  the  regions  of 
space,  at  the  rate  of  22,000  miles  an  hour,  carry- 
ing along  with  it  two  stupendous  rings,  and  seven 
moons  larger  than  ours,  through  its  whole  course 
round  the  central  luminary.  Were  we  placed 
within  a  thousand  miles  of  this  stupendous  globe 
(a  station  which  superior  beings  may  occasionally 
occupy),  where  its  hemisphere,  encompassed  by 
its  magnificent  rings,  would  fill  the  whole  extent 
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of  our  vision — the  view  of  such  a  ponderous  and 
glorious  object,  flying  with  such  amazing  velocity 
before  us,  would  infinitely  exceed  every  idea  of 
grandeur  we  can  derive  from  terrestrial  scenes, 
and  overwhelm  our  powers  with  astonishment  and 
awe.  Under  such  an  emotion,  we  could  only  ex- 
claim, "Great. AND  marvelous  are  thv  works, 
LoRU  God  AliM  gw.---  !"  The  ideas  of  strength  and 
power  implied  in  the  impulsion  of  such  enormous 
masses  of  matter,  through  the  illimitable  tracts  of 
space,  are  forced  upon  the  mind  with  irresistible 
energy,  far  surpassing  what  any  abstract  propo- 
sitions or  reasonings  can  convey;  and,  constrain 
us  to  exclaim,  "  Who  is  a  strong  Lord  like  unto 
thee!  Thy  right  hand  has  beeome  glorious  in 
power!     The  Lord  God  omnipotent  reignethl" 

If  we  consider  the  immense  number  of  bodies 
thus  impelled  through  the  vast  spaces  of  the  uni- 
verse— the  rapidity  with  which  the  comets,  when 
near  the  sun,  are  carried  through  the  regions  tliey 
traverse, — if  we  consider  the  high  probability,  if 
not  absolute  certainty,  that  the  sun,  with  all  its 
attendant  planets  and  comets,  is  impelled  with  a 
still  greater  degree  of  velocity  toward  some  dis- 
tant region  of  space,  or  around  some  wide  cir- 
cumference— that  all  the  thousands  of  systems  of 
that  nebula  to  which  the  sun  belongs  are  moving 
in  a  similar  manner — that  all  the  nebulce  in  the 
heavens  are  moving  around  some  magnificent 
central  body, — in  short,  that  all  the  suns  and 
worlds  in  the  universe  are  in  raj)id  and  perpetual 
motion,  as  constituent  portions  of  one  grand  and 
boundless  empire,  of  wiiich  Jehovah  is  the  Sove- 
reign— and  if  we  consider  still  further,  that  all 
these  mighty  movements  have  been  going  on, 
without  intermission,  during  the  course  of  many 
centuries,  and  some  of  them,  perhaps,  for  myriads 
of  ages  before  the  foundation  of  our  worlJ  was 
laid — it  is  impossible  for  the  human  mind  to  form 
any  adequate  idea  of  the  stupendous  forces  which 
are  in  incessant  operation  throughout  the  unlim- 
ited empire  of  the  Almiglity.  To  estimate  such 
mechanical  force,  even  in  a  single  instance,  com- 
pletely baffles  the  mathematician's  skill,  and  sets 
the  power  of  numbers  at  defiance.  "  Language," 
and  figures,  and  comparisons,  are  "  lost  in  won- 
ders so  sublime,"  and  the  mind,  overpowered  with 
such  reflections,  is  irresistibly  led  upward  to  search 
for  the  cause  in  that  Omnipotent  Being  who  up- 
holds the  pillars  of  the  universe — the  thunder  of 
whose  power  none  can  comprehend. 

Wh.le  contemplating  such  august  objects,  how 
emphatic  and  impressive  appears  the  language  of 
the  Sacred  Oracles:  "  Canst  thou  by  searching 
find  out  God?  Canst  thou  find  out  the  Almighty 
unto  perfection?  Great  things  doth  he  which  we 
cannot  comprehend.  Thine,  0  Lord,  is  the  great- 
ness, and  the  glory,  and  the  majesty;  for  all  tliat 
is  in  heaven  and  earth  is  thine.  Among  the  gods 
there  is  none  like  unto  thee,  O  Lord;  neither  are 
there  any  works  like  unto  thy  works.  Thou  art 
great,  and  dost  wondrous  things:  thou  art  God 
alone.  Hast  thou  not  known,  hast  thou  not 
heard,  that  the  everlasting  God,  the  Lord,  the 
Creator  of  all  things,  faiuteth  not,  neither  is 
Weary?  there  is  no  searching  of  his  understand- 
ing. Let  all  the  earth  fear  the  Lord,  let  all  the 
inhabitants  of  the  world  stand  in  awe  of  him; 
for  he  spake,  and  it  was  done;  he  commanded,  and 
it  stood  fast." 

Again,  the  immense  spaces  which  surround  the 
heavenly  bodies,  and  in  which  they  perform  their 
revolutions,  tend  to  expand  our  conceptions  on 
this  subject,  and  to  illustrate  the  magnificence  of 
the  Divine  operations.  In  whatever  point  of  view 
we  contemplate  the  scenery  of  the  heavens,  an 


idea  of  grandeur  irresistibly  bursts  upon  the 
mind;  and  if  empty  space  can,  in  any  sense,  bo 
considered  as  an  object  of  sublimity,  nothing  can 
fill  the  mind  with  a  grander  idea  of  magnitude 
and  extension  than  the  amplitude  of  the  scale  on 
which  planelaiT  systems  are  constructed.  Around 
the  body  of  the  sun  there  is  allotted  a  cubical 
space,  06OO  millions  of  miles  in  diameter,  iu 
which  eleven  planetary  globes  revolve — every  one 
being  separated  from  another,  by  intervals  of  many 
millions  of  miles.  The  space  which  surrounds 
the  utmost  limits  of  our  system,  extending,  in 
every  direction,  to  the  nearest  fixed  stars,  is  at 
least  40,1)00,000,000,000,  or  forty  billions  of  miles 
ill  diameter;  and,  it  is  highly  probable,  that  every 
star  is  surrounded  by  a  space  of  equal  or  even 
of  greater  extent.  A  body  impelled  with  the 
greatest  velocity  which  art  can  produce — a  can- 
non ball,  for  instance — would  require  twenty 
years  to  pass  through  the  space  that  intervenes 
between  the  earth  and  the  suu,  and  four  millions 
seven  hundred  thousand  years  ere  it  could  reach 
the  nearest  star.  Though  the  stars  seem  to  be 
crowded  together  in  clusters,  and  some  of  them 
almost  to  touch  one  another,  yet  the  distance  be- 
tween any  two  stars  which  seem  to  make  the 
nearest  approach,  is  such  as  neither  words  can 
express,  nor  imagination  fathom.  These  immense 
spaces  are  as  unfathomable,  on  the  one  hand,  as 
the  magnitude  of  the  bodies  which  move  iu  them, 
and  their  prodigious  velocities  are  incomprehen- 
sible, on  the  other;  and  they  form  a  part  of  those 
magnificent  proportions  according  to  which  the 
fabric  of  universal  nature  was  arranged — all  cor- 
responding to  the  majesty  of  that  infinite  and  in- 
comprehensible Being,  "  who  measures  the  ocean 
in  the  hollow  of  his  hand,  and  meteth  out  the 
heavens  with  a  span."  How  wonderful  that  bo- 
dies at  such  prodigious  distances  should  exert  a 
mutual  influence  on  oue  another!  that  the  moon, 
at  the  distance  of  240,000  miles,  should  raise  tides 
in  the  ocean,  and  currents  in  the  atmosphere!  that 
the  sun,  at  the  distance  of  ninety-five  millions  of 
miles,  should  raise  the  vapors,  move  the  ocean, 
direct  the  course  of  the  winds,  fructify  the  earth, 
and  distribute  light,  and  heat,  and  color,  through 
every  region  of  tbe  globe!  yea,  that  its  attractive 
influence  and  fructifying  energy  should  extend 
even  to  the  planet  Herschel,  at  the  distance  of 
eighteen  hundred  millionsi  of  miles!  So  that,  in 
every  point  of  view  in  which  the  universe  is  con- 
templated, we  perceive  the  same  grand  scale  of 
operation  by  which  the  Almighty  has  arranged 
the  provinces  of  his  universal  kingdom. 

We  would  now  ask,  in  the  name  of  all  that  is 
sacred,  whether  such  magnificent  manifestations 
of  Deity  ought  to  be  considered  as  irrelevant  in 
the  business  of  religion,  and  whether  they  ought 
to  be  thrown  completely  into  the  shade,  in  the 
discussions  which  take  place  on  religious  topics, 
in  "  the  assemblies  of  the  saints!"  If  religion 
consist  in  the  intellectual  apprehension  of  the  per- 
fections of  God,  and  in  the  moral  effects  pro- 
duced by  such  an  apprehension  —  if  all  the  rays 
of  glory  emitted  by  the  luminaries  of  heaven  are 
only  so  many  reflections  of  the  grandeur  of  Him 
who  dwells  in  liglit  inapproachable — if  they  have 
a  tendency  to  assist  the  mind  in  forming  its  con- 
ceptions of  that  ineffable  Being,  whose  uncreated 
glory  cannot  be  directly  contemplated  —  and  if 
they  are  calculated  to  produce  a  sublime  and  aw- 
ful impression  on  all  created  intelligences, — shall 
we  rest  contented  with  a  less  glorious  iaea  of  God 
than  his  works  are  calculated  to  afford?  Shall 
we  disregard  the  works  of  the  Lord,  and  contemn 
the  operations  of  his  hands,  and  that  too  in  thd 
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face  of  all  the  invltntions  on  this  subject  address- 
ed to  us  from  heaven?  For  thus  suitli  Jehovah — 
"  Lift  up  your  eyes  on  high,  and  behold,  who  liutli 
created  these  things  —  who  briugeth  forth  tlieir 
host  by  number? — I  the  Lord,  who  maketh  all 
things,  who  stretched  forth  the  heavens  alone,  and 
spread  abroad  the  earth  by  myself;  all  their  host 
have  I  conmianded."  And  if,  at  the  command 
of  God,  we  lift  our  eyes  to  the  "  firmament  of  his 
power,"  surely  we  ought  to  do  it  not  with  a  "  brute 
unconscious  gaze,"  not  with  the  vacant  stare  of  a 
savage,  not  as  if  we  were  still  enveloped  with  the 
mists  and  prejudices  of  the  dark  ages — but  as  sur- 
rounded by  that  blaze  of  light  which  modern  science 
has  thrown  upon  the  scenery  of  the  sky,  in  order 
that  we  may  contemplate,  with  fixed  attention,  all 
that  enlightened  reason,  aided  by  the  nicest  ob- 
servations, has  ascertained  resjjecting  the  magni- 
ficence of  the  celestial  orbs.  To  overlook  the 
sublime  discoveries  of  modern  times,  to  despise 
them,  or  to  call  in  question  their  reality  as  some 
religionists  have  done,  because  they  bring  to  our 
ears  such  astonishing  reports  of  "  the  eternal  pow- 
er'' and  majesty  of  Jehovah — is  to  act  as  if  we  were 
afraid  lest  the  Deity  should  be  represented  as  more 
grand  and  magnificent  than  he  really  is,  and  as  if 
we  would  be  better  pleased  to  pay  him  a  less 
share  of  homage  and  adoration  than  is  due  to  his 
name. 

Perhaps  some  maybe  disposed  to  insinuate,  that 
the  views  now  stated  are  above  the  level  of  ordi- 
nary comprehension,  and  founded  too  much  on 
scientific  considerations,  to  be  stated  in  detail  to  a 
common  audience.  To  any  insinuations  of  this 
kind  it  may  be  replied,  that  such  illustrations  as 
those  to  which  we  have  referred,  are  more  easily 
comprehended  than  many  of  those  abstract  dis- 
cussions to  which  they  are  frequently  accustomed; 
since  they  are  definite  and  tangible,  being  derived 
from  those  objects  which  strike  the  senses  and  the 
imagination.  Any  person  of  conunon  under- 
standing may  be  made  to  comprehend  the  leading 
ideas  of  extended  space,  magnitude,  and  motion, 
which  have  been  stated  above,  provided  the  de- 
scriptions be  sufliciently  simple,  clear,  and  well- 
defined;  and  should  they  be  at  a  loss  to  compre- 
hend the  principles  on  wliich  the  conclusions  rust, 
or  the  mode  by  which  tlie  magnificence  of  the 
works  of  God  has  been  ascertained,  an  occasional 
reference  to  such  topics  would  excite  them  to  in- 
quiry and  investigation,  and  to  the  exercise  of 
their  powers  of  observation  and  reasoning  on  such 
subjects — which  are  too  frequently  directed  to  far 
less  important  objects. 

The  following  illustration,  however,  stands  clear 
of  every  objection  of  this  kind,  and  is  level  to  the 
comprehension  of  every  man  of  common  sense: — 
Either  the  earth  moves  round  its  axis  once  in 
twenty-four  hours — or  the  sun,  moon,  planets,  co- 
mets, stars,  or  the  whole  frame  of  tiie  universe, 
move  around  tiie  earth  in  the  same  time.  There 
is  no  alternative,  or  third  opinion,  that  can  be 
formed  on  this  point.  If  the  earth  revolve  on  its 
axis  every  twenty-four  hours,  to  produce  the  al- 
ternate succession  of  day  and  night,  the  portions 
of  its  surface  about  the  equator  must  move  at  the 
rate  of  more  than  a  thousand  miles  an  hour,  since 
the  earth  is  more  than  twenty-four  thousand  miles 
in  circumference.  This  view  of  the  fact,  when 
attentively  considered,  furnishes  a  most  sublime 
and  astonishing  idea.  That  a  globe  of  so  vast 
dimensions,  with  all  its  load  of  mountains,  conti- 
nents, and  oceans,  comprising  within  its  circum- 
ference a  mass  of  two  hundred  and  sixty-four 
tliousand  millions  of  cubical  miles,  should  whirl 
round  with  so  amazing  a  vclocily,  gives  us  a  most 


august  and  impressive  conception  of  the  greatness 
of  that  Power  which  first  set  it  in  motion,  and 
continues  the  rapid  whirl  from  age  to  agel — 
Though  the  huge  masses  of  the  Alpine  moun- 
tains were  in  a  moment  detaclied  from  their  foun- 
dations, carried  aloft  tlirough  the  regions  of  the 
air,  and  tossed  into  the  lAIediterranean  sea,  it 
would  convey  no  idea  of  a  force  equul  to  that 
which  is  every  moment  exerted,  if  the  earth  re- 
volve on  its  axis.  But  should  the  motion  of  tlie 
earth  be  called  in  question,  or  denied,  the  idea  of 
force,  or  power,  will  be  indefinitely  increased. — 
For,  in  this  case,  it  must  necessarily  be  admitted 
that  the  heavens,  with  all  tlie  innumerable  hosts 
of  stars,  have  a.diurnal  motion  around  our  globe; 
which  motion  must  be  inconceivably  more  rapid 
than  that  of  the  earth,  on  the  supposition  of  its 
motion.  For,  in  proportion  as  the  celestial  bodies 
are  distant  from  the  earth,  in  the  same  proportion 
would  be  the  rapidity  of  their  movenients.  The 
sun,  on  this  supposition,  would  move  at  the  rate 
of  414,000  miles  in  a  minute;  the  nearest  stars  at 
the  rate  of  fourteen  hundred  millions  of  miles  in 
a  second;  and  the  most  distant  luminaries,  with  a 
degree  of  swiftness  which  no  numbers  could  ex- 
press.* Such  velocities,  too,  would  be  the  rate 
of  motion,  not  merely  of  a  single  globe  like  the 
earth,  but  of  all  the  ten  thousand  times  ten  thou- 
sand spacious  globes  that  exist  within  the  bounda- 
ries of  creation.  This  view  conveys  an  idea  of 
power  still  more  august  and  overwhelming  than 
any  of  the  views  already  stated,  and  we  dare  not 
presume  to  assert  that  such  a  degree  of  physical 
force  is  beyond  the  limits  of  Infinite  perfection: 
but  on  the  supposition  it  existed,  it  would  con 
found  all  our  ideas  of  the  wisdom  and  intelligence 
of  the  Divine  mind,  and  would  appear  altogethet 
inconsistent  with  the  character  which  the  Scrip- 
tures give  us  of  the  Deity  as  "tlie  only-wise 
God."  For  it  would  exhibit  a  stupendous  sys- 
tem of  means  altogether  disproportioned  to  the 
end  intended;  namely,  to  produce  the  alternate 
succession  of  day  and  night  to  the  inhabitants  of 
our  globe,  which  is  more  beautifully  and  harmoni- 
ously effected  by  a  single  rotation  on  its  axis,  as 
is  the  case  with  the  other  globes  which  compose 
the  planetary  system.  Such  considerations,  how- 
ever, show  us  that,  on  whatever  hypothesis,  whe- 
ther on  the  vulgar  or  the  scientific,  or  in  whatevei 
other  point  of  view  the  frame  of  nature  may  he 
contemplated,  the  mind  is  irresistibly  impressed 
with  ideas  of  power,  grandeur,  and  magnificence. 
And,  therefore,  when  an  inquiring  mind  is  di- 
rected to  contemplate  the  works  of  God,  on  any 
hypothesis  it  may  choose,  it  has  a  tendency  to 
rouse  reflection,  and  to  stimulate  the  exercise  of 
the  moral  and  intellectual  faculties,  on  objects 
which  are  worthy  of  the  dignity  of  immortal 
minds. 

We  may  now  be,  in  some  measure,  prepared  to 
decide,  whether  illustrations  of  the  Omnipotence 
of  the  Deity,  derived  from  the  system  of  the  ma- 
terial world,  or  those  vague  and  metaphysical  dis 
quisitions  which  are  generally  given  in  theologi- 
cal systems,  be  most  calculated  to  impress  the 
mind,  and  to  inspire  it  with  reverence  and  adora- 
tion. The  following  is  a  description  given  of  this 
attribute  of  God,  by  a  well-known  systematic 
writer,  who  has  generally  been  considered  as  a 
judicious  and  orthodox  divine: — 

"God  is  Almighty. f  This  will  evidently  ap- 
pear, in  that,  if  he  be  infinite  in  all  his  other  per- 
fections, he  must  be  so  in  power;  thus,  if  he  be 


*  See  Appendix,  Note  1. 
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onnlacient,  he  knows  v,'hat  is  possible  or  expe- 
dJeui  to  be  done;  and  if  he  be  an  infinite  sove- 
regn,  he  wills  whatever  shall  come  to  pass.  Now 
this  knowledge  would  be  insignificant,  and  his 
pover  inefficacious,  were  he  not  infinite  in  power, 
or  ilmighty.  Again,  this  might  be  argued  from 
his  justice,  either  in  rewarding  or  punishing;  for. 
If  he  were  not  infinite  in  power,  he  could  do 
neither  of  these,  at  least  so  far  as  to  render  him 
the  object  of  that  desire  or  fear,  which  is  agreea- 
ble to  the  nature  of  these  perfections;  neither 
could  infinite  faithfulness  accomplish  all  the  pro- 
mises which  he  hath  made,  so  as  to  excite  that 
trust  and  dependence,  which  is  a  part  of  religious 
worship;  nor  could  he  say  without  limitation,  as 
he  does,  /  haue  spoken  it,  I  will  also  bring  it  to  pass: 
I  have  purposed  it,  I  will  also  do  it.*  But  since 
power  is  visible  in,  and  demonstrated  by  its  effects, 
and  infinite  power  by  those  effects  which  cannot 
be  produced  by  a  creature,  we  may  observe  the 
almighty  power  of  God  in  all  his  works,  both  of 
nature  and  grace;  thus  his  eternal  power  is  un- 
derstood, as  the  apostle  says,  bij  the  things  that  are 
niade;f  not  thut  there  was  an  eternal  production 
of  things,  but  the  exerting  this  power  in  time, 
proves  it  to  be  infinite  and  truly  divine;  for  no 
creature  can  produce  the  smallest  particle  of  mat- 
ter out  of  nothing,  much  less  furnish  the  various 
species  of  creatures  with  those  endowments  in 
which  they  excel  one  another,  and  set  forth  their 
Creator's  glory.  And  the  glory  of  his  power  is 
no  less  visible  in  the  works  of  providence,  where- 
by he  upholds  all  things,  disposes  of  them  accord- 
ing to  his  pleasure,  and  brings  about  events  which 
only  he  who  has  an  almighty  arm  can  effect. "J 

This  is  the  whole  that  Dr.  Ridgely  judges  it 
necessary  to  state  in  illustration  of  the  attribute 
of  Omnipotence,  except  what  he  says  in  relation 
to  its  operation  in  "the  work  of  grace,"  in  "  the 
propagation  and  success  of  the  Gospel,"  etc.;  sub- 
jects to  which  the  idea  of  power,  or  physical  en- 
ei'gy,  does  not  properly  apply.  Such,  however, 
are  the  meager  and  abstract  disquisitions  general- 
ly given  by  most  systematic  writers.  There  is  a 
continual  play  on  the  term  "  Infinite,"  which,  to 
most  minds  conveys  no  idea  at  all,  unless  it  be 
associated  with  ample  conceptions  of  motion, 
magnitude,  and  extension;  and  it  is  constantly 
applied  to  subjects  to  which  it  was  never  intended 
to  apply,  such  as  "  infinite  faithfulness,  infinite 
justice,  infinite  truth,"  etc.;  an  application  of  the 
term  which  is  never  sanctioned  by  Scripture,  and 
which  has  a  tendency  to  introduce  confusion  into 
our  conceptions  of  the  perfections  of  God. — 
Granting  that  the  statements  and  reasonings  in 
Buch  an  extract  as  the  above  were  unquestionable, 
yet  what  impression  can  they  make  upon  the 
mind?  Would  an  ignorant  person  feel  his  con- 
ception of  the  Divinity  much  enlarged,  or  his 
moral  powers  aroused  by  such  vague  and  general 
statements?  And,  if  not,  it  appears  somewhat 
unaccountable,  that  those  sources  of  illustration 
which  would  convey  the  most  ample  and  definite 
views  of  the  ''eternal  power"  and  glory  of  God, 
should  be  studiously  concealed  from  the  view. — 
Vague  descriptions  and  general  views  of  any  ob- 
ject will  never  be  effectual  in  awakening  the  at- 
tention and  arresting  the  faculties  of  the  mind. 
Tlie  heart  will  always  remain  unimpressed,  and 
the  understanding  will  never  be  thoroughly  ex- 
cited in  its  exercise,  unless  the  intellect  have  pre- 
sented before  it  a  well-defined  and  interesting  ob- 
ject, and  be  enabled  to  survey  it  iu  its  various 
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aspects;  and  this  object  must  always  have  a  rela- 
tion to  the  material  world,  whether  it  be  viewed 
in  connection  with  religion  or  with  any  other 
subject. 

Thus,  I  have  endeavored,  in  the  preceding 
sketches,  to  present  a  few  detached  illustrations 
of  the  Omnipotence  and  grandeur  of  the  Deity, 
as  displayed  in  the  vast  magnitude  of  the  material 
universe — the  stupendous  velocities  of  the  celes- 
tial bodies — and  in  the  immeasurable  regions  of 
space  which  surround  them,  and  in  which  their 
motions  are  performed.  Such  a  magnificent  spec- 
tacle as  the  fabric  of  the  universe  presents — so 
majestic,  godlike,  and  overwhelming,  to  beings 
who  dwell  "in  tabernacles  of  clay" — was  surely 
never  intended  to  be  overlooked,  or  to  be  gazed  at 
with  inditFerence,  by  creatures  endowed  with  rea- 
son and  intelligence,  and  destined  to  an  immortal 
existence.  In  forming  a  universe  composed  of 
so  manj'  immense  systems  and  worlds,  and  re- 
plenished with  such  a  variety  of  sensitive  and 
intelligent  existences,  the  Creator,  doubtless,  in- 
tended that  it  should  make  a  sublime  and  reveren- 
tial impression  on  the  minds  of  all  tire  intellectual 
beings  to  whom  it  might  be  displayed,  and  that  it 
should  convey  some  palpable  idea  of  the  infinite 
glories  of  his  nature,  in  so  far  as  material  objects 
can  be  supposed  to  adumbrate  the  perfections  of  a 
spiritual  and  uncreated  Essence.  Dwelling  in 
light  "inaccessible  "  to  mortals,  and  forever  vailed 
from  tiie  highest  created  being,  by  the  pure  spi- 
rituality and  immensity  of  his  nature,  there  is  no 
conceivable  mode  by  which  the  infinite  gran- 
deur of  Deity  could  be  exhibited  to  finite  intelli- 
gences, but  through  the  medium  of  those  mag- 
nificent operations  which  are  incessantly  going 
forward  throughout  the  boundless  regions  of  space. 
Concealed  from  the  gaze  of  all  the  "  principalities 
and  powers"  in  heaven,  in  the  unfathomable 
depths  of  his  Essence,  he  displays  his  presence  in 
the  universe  he  has  created,  and  the  glory  of  his 
power,  by  launching  magniiicent  worlds  into  ex- 
istence, by  adorning  them  with  diversified  splen- 
dors, by  peopling  them  with  various  ranks  of  in- 
telligent existence,  and  by  impelling  them  in  their 
movements  through  the  illimitable  tracts  of  crea- 
tion. 

It  will  readily  be  admitted  by  every  enlightened 
Christian,  that  it  must  be-  a  highly  desirable  at- 
tainment, to  acquire  the  most  glorious  idea  of  the 
Divine  Being,  which  the  limited  capacity  of  our 
minds  is  capable  of  receiving.  Tiiis  is  one  of  the 
grand  difficulties  in  religion.  The  idea  of  a  Being 
purely  immaterial,  yet  pervading  infinite  space, 
and  possessed  of  no  sensible  qualities,  confounds 
and  bffwilders  tlie  human  intellect,  so  that  its  con- 
ceptions, on  the  one  hand,  are  apt  to  verge  toward 
extravagancy,  while,  on  the  other,  they  are  apt  to 
degenerate  into  something  approaching  to  inanity. 
Mere  abstract  ideas  and  reasonings  respecting  in- 
finity, eternity,  and  absolute  perfection,  however 
sublime  we  may  conceive  them  to  be,  completely 
fail  in  arresting  the  understanding,  and  affecting 
the  heart;  our  conceptions  become  vague,  empty, 
and  confused,  for  want  of  a  material  vehicle  to 
give  them  order,  stability,  and  expansion.  Some- 
thing of  the  nature  of  vast  extension,  of  splendid 
and  variegated  objects,  and  of  mighty  movements, 
is  absolutely  necessary,  in  order  to  convey  to 
spirits  dwelling  in  bodies  of  clay,  a  definite  con- 
ception of  the  invisible  glories  of  the  Eternal 
Mind;  and,  therefore,  in  the  immense  variety  of 
material  existence  with  which  the  universe  is 
adorned,  we  find  every  requisite  assistance  of  this 
kind  to  direct  and  expand  o-ur  views  of  the  Great 
Object  of  our  adoration.    When  the  mind  is  per- 
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plexed  and  overwhelmed  with  its  conceptions, 
when  it  labors,  as  it  were,  to  form  some  well  de- 
fined conceptions  of  an  Infinite  Being,  it  here 
finds  some  tangible  objects  on  which  to  fix,  some 
eensible  substratum  for  its  thoughts  to  rest  upon 
for  a  little,  while  it  attempts  to  penetrate,  in  its 
excursions,  into  those  distant  regions  which  eye 
fiath  not  seen,  and  to  connect  the  whole  of  its 
mental  survey  with  the  energies  of  the  "  King 
Eternal,  Immortal,  and  Invisible." 

To  such  a  train  of  thought  we  are  uniformly 
directed  in  the  Sacred  Oracles,  v/here  Jehovah  is 
represented  as  describing  himself  by  the  effects 
which  his  power  and  wisdom  have  produced: — 
"  Israel  shall  be  saved  in  the  Lord  with  an  ever- 
lasting salvation.  For  tlius  saith  Jehovah  that 
created  tlie  heavens;  God  himself  that  formed  the 
earth  and  made  it;  he  hath  established  it,  he  crea- 
ted it  not  in  vain,  he  formed  it  to  be  inhabited;  I 
am  the  Lord,  and  there  is  none  else."  "  I  have 
made  the  earth  and  created  man  upon  it,  my  liands 
have  stretched  out  the  heavens,  and  all  their  hosts 
have  I  commanded.  Hearken  unto  me,  0  Israel: 
I  am  the  first,  I  also  am  the  last.  Mine  hand 
also  hath  laid  the  foundation  of  the  earth,  and  my 
right  hand  hath  spanned  the  heavens;  when  I  call 
unto  them,  they  stand  up  together.  Who  hath 
measured  the  waters  in  the  hollow  of  his  hand, 
and  meted  out  heaven  with  a  span,  and  weighed 
the  mountains  in  scales?  He  who  sitteth  upon  the 
circle  of  the  earth,  and  the  inhabitants  thereof  are 
as  grasshoppers;  that  stretcheth  out  the  heavens 
as  a  curtain,  that  fuinteth  not,  neither  is  weary." 
"  The  Lord  made  the  heavens,  the  heaven  of  hea- 
vens, with  all  their  hosts;  honor  and  majesty  are 
before  him,  and  his  kingdom  ruleth  over  all."  * — 
Such  sublime  descriptions  of  Jehovah,  and  refer- 
ences to  his  material  works,  are  reiterated  in  every 
portion  of  the  sacred  volume:  and  the  import  and 
sublimity  of  such  expressions  cannot  be  fully  ap- 
preciated, unless  we  take  into  view  all  the  mag- 
nificent objects  which  science  has  unvailed  in  the 
distant  regions  of  creation. 

This  subject  is  calculated,  not  merely  to  over- 
power the  intellect  with  an  idea  of  sublimity  and 
grandeur,  but  also  to  produce  deep  moral  im- 
pressions upon  the  heart;  and  a  Christian  philoso- 
pher would  be  deficient  in  his  duty  were  he  to 
overlook  this  tendency  of  the  objects  of  his  con- 
templation. 

One  important  moral  effect  which  this  subject 
has  a  natural  tendency  to  produce,  is,  profound 
HUMILITY.  What  an  insignificant  being  does  man 
appear,  when  he  compares  himself  with  the  mag- 
nificence of  creation,  and  with  the  myriads  of 
exalted  intelligences  with  which  it  is  peopled! 
What  are  all  the  honors  and  splendors  of  this 
earthly  ball,  of  which  mortals  are  so  proud,  wht-n 
placed  in  competition  with  the  resplendent  glories 
of  the  skies!  Such  a  display  as  the  Almighty 
has  given  of  himself,  in  the  magnitude  and  variety 
of  his  works,  was  evidently  intended  "  to  stain  the 
pride"  of  all  human  grandeur,  that  "no  flesh 
should  glory  in  his  presence."  Yet  there  is  no 
disposition  that  appears  so  prominent  among  puny 
mortals  as  pride,  ambition,  and  vain-glory — the 
very  opposite  of  humility,  and  of  all  those  tem- 
pers which  become  those  "  who  dwell  in  taber- 
nacles of  clay,  and  whose  foundation  is  in  the 
dust."  Even  without  taking  into  account  the 
state  of  man  as  a  depraved  intelligence,  what  is 
there  in  his  situation  that  should  inspire  him  with 
"  lofty  looks,"  and  induce  him  to  look  down  on 
his  fellow-men  with  supercilious  contempt?     He 
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derived  his  origin  from  the  dust,  he  is  allied  to  :he 
beasts  that  perish,  and  he  is  fast  hastening  to  thts 
grave,  where  his  carcass  will  become  the  food  of 
noisome  reptiles.  He  is  every  moment  dependent 
on  a  Superior  Being  for  every  pulse  that  b3ats, 
and  every  breath  he  draws,  and  for  all  thtt  he 
possesses;  he  is  dependent  even  on  the  meanest 
of  his  species  far  his  accommodations  and  com- 
forts. He  holds  every  enjoyment  on  the  most 
precarious  tenure, — his  friends  may  be  snitched 
in  a  moment  from  his  embrace;  his  riches  may 
take  to  themselves  wings  and  fly  away;  and  his 
health  and  beauty  may  be  blasted  in  an  hour,  by 
a  breath  of  wind.  Hunger  and  thirst,  cold  and 
heat,  poverty  and  disgrace,  sorrow  and  disappoint- 
ment, pain  and  disease,  mingle  themselves  with 
all  his  pursuits  and  enjoyments.  His  knowledge 
is  circumscribed  within  the  narrowest  limits,  his 
errors  and  follies  are  glaring  and  innumerable; 
and  he  stands  as  an  almost  undistinguishable 
atom,  amidst  the  immensity  of  God's  works. 
Still,  with  all  these  powerful  inducements  to  the 
exercise  of  humility,  man  dares  to  be  proud  and 
arrogant: 

"  Man,  prond  man, 
Dress'd  in  a  little  brief  authority, 
Plays  such  fantastic  tricks  before  high  heaven. 
As  make  the  angels  weep." 

How  affecting  to  contemplate  the  warrior,  flushed 
with  diabolical  pride,  pursuing  his  conquests 
through  heaps  of  slain,  in  order  to  obtain  posses- 
sion of  "  a  poor  pitiable  speck  of  perishing  earth;" 
exclaiming  in  his  rage,  "  I  will  pursue,  I  will 
overtake,  I  will  divide  the  spoil,  my  lust  shall  be 
satisfied  upon  them,  I  will  draw  the  sword,  my 
hand  shall  destroy  them" — to  behold  the  man  of 
rank  glorying  in  his  wealth,  and  his  empty  titles, 
and  looking  around  upon  the  inferior  orders  of  his 
fellow-mortals  as  the  worms  of  the  dust — to  be- 
hold the  man  of  ambition  pushing  his  way  through 
bribery,  and  treachery,  and  slaughter,  to  gain  pos- 
session of  a  throne,  that  he  may  look  down  with 
proud  pre-eminence  upon  his  fellows — to  behold 
the  haughty  airs  of  the  noble  dame,  inflated  with 
the  idea  of  her  beauty,  and  her  high  birth,  as  she 
struts  along,  surveying  the  ignoble  crovi^d,  as  if 
they  were  the  dust  beneath  her  feet — to  behold  th« 
smatterer  in  learning,  puffed  up  with  a  vain  con- 
ceit of  his  superficial  acquirements,  when  he  haa 
scarcely  entered  the  porch  of  knowledge, — in 
fine,  to  behold  all  ranks,  from  the  highest  to  the 
lovi^est,  big  with  an  idea  of  their  own  inii>ortance, 
and  fired  with  pride  and  revenge  at  the  least  pro- 
vocation, whether  imaginary  or  real!  How  in- 
consistent the  manifestations  of  such  tempers, 
with  the  many  humiliating  circumstances  of  our 
present  condition,  and  with  the  low  rank  which 
we  hold  in  the  scale  of  Universal  Being. 

It  is  not  improbable,  that  there  are  in  the  uni- 
verse, intelligences  of  a  superior  order,  in  whose 
breasts  pride  never  found  a  place — to  whom  this 
globe  of  ours,  and  all  its  inhabitants,  appear  as 
inconsiderable  as  a  drop  of  water,  filled  with  mi- 
croscopic animalcules,  does  to  the  proud  lords  of 
this  earthly  region.  There  is  at  least  one  Being 
to  whom  this  seiitiinent  is  applicable,  in  its  ut- 
most extent: — "  Before  Him  all  nations  are  as  a 
drop  of  a  bucket,  and  the  inhabitants  of  the  earth 
as  grasshoppers;  yea,  they  are  as  nothing,  and  are 
counted  to  him  less  than  nothing  and  vanity  " 
Could  we  wing  our  way  with  the  swiftness  of  a 
seraph,  from  sun  to  sun,  and  from  world  to  world, 
until  we  had  surveyed  all  the  systems  visible  to 
the  naked  eye,  which  are  only  as  a  mere  speck  in 
tlie  map  of  the  universe — could  we,  at  the  same 
time,   contemplate  the    glorious   landscapes   and 
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scenes  of  grandeur  they  exhibit — could  we  also 
niinglo  with  the  pure  and  exalted  intelligences 
which  people  tliose  resplendent  abodes,  and  be- 
hold their  hunible  and  ardent  adorations  of  their 
Almighty  Makei,  their  benign  and  condescending 
deportment  toward  one  another;  "  each  esteem- 
ing another  better  tlian  himself,''  and  all  united 
in  the  bonds  of  the  purest  affection,  without  one 
haughty  or  discordant  feeling — what  indignation 
and  astonishment  would  seize  us  on  our  return  to 
this  obscure  corner  of  creation,  to  behold  beings 
enveloped  in  the  mists  of  ignorance,  immersed  in 
depravity  and  wickedness,  liable  to  a  thousand  ac- 
cidents, exposed  to  the  ravages  of  the  earthquake, 
tiie  volcano,  and  the  storm;  yet  proud  as  Lucifer, 
and  glorying  in  their  shame  1  We  should  be  apt 
to  view  them,  as  we  now  do  those  bedlamites, 
who  fancy  themselves  to  be  kings,  surrounded  by 
their  nobles,  wliile  they  are  chained  to  the  walls 
of  a  noisome  dungeon.  "  Sure  pride  was  never 
made  for  man."  How  abhorrent,  then,  must  it 
appear  in  the  eyes  of  superior  beings,  who  have 
taken  an  expansive  range  tiirough  the  field  of 
creation  I  How  abhorrent  it  is  in  the  sight  of  the 
Almighty,  and  how  amiable  is  the  opposite  virtue, 
we  learn  from  his  word: — "Every  one  that  is 
proud  in  heart  is  an  abomination  to  the  Lord." — 
"  God  resisteth  the  proud,  but  he  giveth  grace  to 
the  humble." — "  Thus  saitli  the  High  and  Lofty 
One,  who  inhabiteth  eternity,  I  dwell  in  the  high 
and  holy  place;  with  him  also  that  is  of  an  hum- 
ble and  contrite  si)irit;  to  revive  the  spirit  of  the 
humble,  and  the  heart  of  the  contrite  ones." — 
While,  therefore,  we  contemplate  the  Omnipo- 
tence of  God  in  the  immensity  of  creation,  let  us 
learn  to  cultivate  humility  and  self-abasement. 
This  was  one  of  the  lessons  wliich  the  pious 
Psalmist  deduced  from  his  survey  of  the  noctur- 
nal heavens.  When  he  beheld  the  moon  walking 
in  biightness,  and  the  innumerable  host  of  stars — 
overpowered  with  a  sense  of  his  own  insignifi- 
cauce,  and  the  greatness  of  Divine  condescension, 
he  exclaimed,  "O  Lord  I  what  is  man,  that  thou 
art  mindful  of  him,  or  the  son  of  man,  that  thou 
ehouldst  visit  him  I  " 

Again,  this  subject  is  also  calculated  to  inspire 
us  with  jiEVEKENCE  aud  VENKRATIOM  of  God.  Pro- 
found veneration  of  the  Divine  Being  lies  at  the 
foundation  of  all  religious  worship  and  obedience. 
But,  in  order  to  reverence  God  aright,  we  must 
know  him;  and,  in  order  to  acquire  the  true 
knowledge  of  him,  we  must  contemplate  him 
tiirough  the  medium  of  those  works  and  dispen- 
sations, by  which  he  displays  the  glories  of  his 
nature  to  the  inhabitants  of  our  world.  I  have 
already  exhibited  a  tew  specimens  of  the  stupend- 
ous operations  of  his  power,  in  that  portion  of 
tlie  system  of  the  universe  which  lies  open  to  our 
inspection;  and  there  is,  surely,  no  mind  in  which 
the  least  spark  of  piety  exists,  but  must  feel 
strong  emotions  of  reverence  and  awe,  at  the 
thought  of  that  Almighty  and  Incomprehensible 
Being,  who  impels  the  huge  masses  of  the  plane- 
tary globes  with  so  amazing  a  rapidity  through 
the  sky,  and  who  has  diversified  the  voids  of  space 
with  so  vast  an  assemblage  of  magnificent  worlds. 
Even  those  manifestations  of  Deity  which  are 
confined  to  the  globe  we  inhabit,  when  attentively 
considered,  are  calculated  to  rouse,  even  the  un- 
tliinking  mind,  to  astonishment  and  awe.  The 
lofty  mountains,  and  expansive  plains,  the  mass 
of  waters  in  the  mighty  ocean,  the  thunders  roil- 
ing along  the  sky,  the  lightnings  flashing  from 
cloud  to  cloud,  the  hurricane  and  the  tempest,  the 
volcano  vomiting  rivers  of  fire,  and  the  earth- 
quake shaking  kingdoms,  and  leveling  cities  with 


the  grouna — all  proclaim  the  Majesty  of  Him,  by 
whom  the  elements  of  nature  are  arranged  and 
directed,  and  seem  to  address  the  sons  ol  men  in 
language  like  this:  "  The  Lord  reigneth,  he  is 
clothed  with  majesty;  at  his  wrath  the  earth 
trembles;  a  fire  goeth  before  him,  and  burnetii  up 
his  enemies." — "  Let  all  the  earth  fear  theitfjord, 
let  all  the  inhabitants  of  the  world  stand  in  awe 
of  him." 

There  is  one  reason,  among  others,  why  the 
bulk  of  mankind  feel  so  little  veneration  of  God, 
and  that  is,  that  they  seldom  contemplate,  with 
fixed  attention,  "  the  operations  of  his  hands." 
If  we  wish  to  cherish  this  sublime  sentiment  in 
our  hearts,  we  must  familiarize  our  minds  to  fre- 
quent excursions  over  all  those  scenes  of  Creation 
and  Providence,  which  the  volume  of  nature,  and 
the  volume  of  inspiration,  unfold  to  view.  We 
must  endeavor  to  assist  our  conceptions  of  tho 
grandeur  of  these  objects,  by  every  discovery 
which  has  been,  or  may  yet  be  made,  and  by  every 
mode  of  illustration  by  which  a  sublime  and  compre- 
hensive idea  of  the  particular  object  of  contempla- 
tion may  be  obtained. — If  we  would  wish  to  acquire 
some  definite,  though  imperfect  conception  of  the 
physical  extent  of  the  universe,  our  minds  might 
be  assisted  by  such  illustrations  as  the  following: 
— Light  flies  from  the  sun  with  a  velocity  of  near- 
ly two  hundred  thousand  miles  in  a  moment  of 
time,  or  about  1,40U,U0U  times  swifter  than  the 
motion  of  a  cannon  ball.  Suppose  that  one  of 
the  highest  order  of  intelligences  is  endowed  with 
a  power  of  rapid  motion  superior  to  that  of  light, 
and  with  a  corresponding  degree  of  intellectual 
energy;  that  he  has  been  flying,  without  inter- 
mission, from  one  province  of  creation  to  another, 
for  six  thousand  years,  and  will  continue  the  same 
rapid  course  for  a  thousand  millions  of  years  to 
come;  it  is  higlily  probable,  if  not  absolutely  cer- 
tain, that  at  the  end  of  this  vast  tour,  he  would 
have  advanced  no  farther  than  "the  suburbs  of 
creation  " — and  that  all  the  magnificent  systems 
of  material  and  intellectual  beings  he  had  survey- 
ed during  his  rapid  flight,  aud  for  such  a  length 
of  ages,  bear  no  more  proportion  to  the  whole 
Empire  of  Omnipotence,  than  the  smallest  grain 
of  sand  does  to  all  the  particles  of  matter  of  the 
same  size  contained  in  ten  thousand  worlds.  Nor 
need  we  entertain  the  least  fear,  that  the  idea  of 
the  extent  of  the  Creator's  power,  conveyed  by 
such  a  representation,  exceeds  the  bounds  of 
reality.  On  the  other  hand,  it  must  fall  almost 
infinitely  short  of  it.  For,  as  the  poet  has  justly 
observed — 

"  Can  man  conceive  beyond  what  God  can  do?  " 

Were  a  seraph,  in  prosecuting  the  tour  of  crea- 
tion in  the  manner  now  stated,  ever  to  arrive  at 
a  limit  beyond  which  no  further  displays  of  the 
Divinity  could  be  perceived,  the  thought  would 
overwhelm  his  faculties  with  unutterable  anguish 
and  horror;  he  would  feel,  that  he  had  now,  in 
some  measure,  comprehended  all  the  plans  and 
operations  of  Omnipotence,  and  that  no  further 
manifestations  of  the  Divine  glory  remained  to  be 
explored.  But  we  may  rest  assured,  that  this  can 
never  hapi)en  in  the  case  of  any  created  intelli- 
gence. We  have  every  reason  to  believe,  both 
from  the  nature  of  an  Infinite  Being,  and  from 
the  vast  extent  of  creation  already  explored,  that 
the  immense  mass  of  material  existence,  and  the 
endless  variety  of  sensitive  and  intellectual  beings 
with  which  the  universe  is  replenished,  are  in- 
tended by  Jehovah,  to  present  to  his  rational  off- 
spring, a  shadow,  an  emhleni,  or  a  representation 
(jn  BO  far  as  finite  extended  existence  can  be  a 
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representation)  of  the  Infinite  Perfections  of  his 
nature,  which  would  otherwise  have  remained 
forever  impalpable  to  all  subordinate  intelligences. 
In  this  manner,  then,  might  we  occasionally 
exercise  our  minds  on  the  grand  and  diversified 
objects  which  the  universe  exhibits;  and,  in  pro- 
portion as  we  enlarge  the  sphere  of  our  contem- 
plations, in  a  similar  proportion  will  our  views  of 
God  himself  be  extended,  and  a  corresponding 
sentiment  of  veneration  impressed  upon  the  mind. 
For  the  soul  of  man  cannot  reverence  a  mere 
abstract  being,  that  was  never  manifested  through 
a  sensible  medium,  however  many  lofty  terms 
may  be  used  to  describe  his  perfections.  It  reve- 
rences that  Ineffable  being,  who  conceals  himself 
behind  the  scenes  of  Creation,  through  the  me- 
dium of  the  visible  display  he  exhibits  of  his 
Power,  Wisdom,  and  Beneficence,  in  the  economy 
of  Nature,  and  in  the  Records  of  Revelation. — 
Before  the  universe  was  formed,  Jehovah  existed 
alone,  possessed  of  every  attribute  which  he  now 
displays.  But,  had  only  one  solitary  intelligence 
been  created,  and  placed  in  the  infinite  void,  with- 
out a  material  substratum  beneath  and  around 
him,  he  could  never  have  been  animated  with  a 
sentiment  of  profound  veneration  for  his  Creator; 
because  no  objects  existed  to  excite  it,  or  to  show 
that  his  Invisible  Maker  was  invested  with  those 
attributes  which  he  is  now  known  to  possess. 
Accordingly,  we  find  in  the  sacred  writings,  that, 
when  a  sentiment  of  reverence  is  demanded  from 
the  .sons  of  men,  those  sensible  objects  which  are 
calculated  to  excite  the  emotion  are  uniformly 
exhibited.  "Fear  ye  not  me,  saith  the  Lord? 
Will  ye  not  tremble  at  my  presence,  who  have 
placed  the  sand  for  the  bound  of  the  sea,  by  a  per- 
petual decree,  that  it  cannot  pass  it;  and  though 
the  waves  thereof  toss  themselves,  yet  they  can- 
not prevail;  though  they  roar,  yet  can  they  not 
pass  over  it?"  "Who  would  not  fear  thee,  0 
King  of  nations!  Thou  art  the  true  God,  and 
an  everlasting  King.  Thou  hast  made  the  earth 
by  thy  power,  thou  hast  established  the  world  by 
thy  wisdom,  tliou  hast  stretched  out  the  heavens 
by  thy  discretion.  When  thou  utterest  thy  voice 
there  is  a  noise  of  waters  in  the  heavens,  thou 
causest  the  vapors  to  ascend  from  the  ends  of  the 
earth,  thou  makcst  lightnings  with  rain,  and 
bringest  forth  the  winds  out  of  thy  treasuries."* 

But  however  enlarged  and  venerable  concep- 
tions of  God  we  may  derive  from  the  manifesta- 
tions of  his  power,  they  must  fall  infinitely  short 
of  what  is  due  to  a  being  of  boundless  perfection. 
For  there  may  be  attributes  in  the  Divine  Essence 
of  which  we  cannot  possibly  form  tlie  least  concep- 
tion— attributes  which  cannot  be  shadowed  forth 
or  represented  by  any  portion  of  the  material  or  in- 
tellectual world  yet  discovered  by  us,  or  by  all  the 
mighty  achievements  by  which  human  redemp- 
tion was  effected — attributes  which  have  not  yet 
been  displayed,  in  their  effects,  to  the  highest 
orders  of  intelligent  existence.  And  therefore,  as 
that  excellent  philosopher  and  divine,  the  honora- 
ble Mr.  Boyle,  has  well  observed,  "Our  ideas  of 
God,  however  great,  will  rather  express  the  great- 
ness of  our  veneration  than  the  immensity  of  his 
perfections;  and  the  notions  worthy  the  most  in- 
telligent men  are  far  short  of  being  worthy  the 
incomprehensible  God — the  brightest  idea  we  can 
frame  of  God  being  infinitely  inferior,  and  no 
more  than  a  Parhelion  ■f  in  respect  of  the  sun;  for 


though  that  meteor  is  splendid,  and  resembles  the 
sun,  yet  it  resides  in  a  cloud,  and  is  not  only 
much  beneath  the  sun  in  distance,  but  inferior  in 
bigness  and  splendor." 

In  short,  were  we  habitually  to  cherish  that 
profound  veneration  of  God  which  his  works  are 
calculated  to  inspire,  with  what  humility  would 
we  approach  the  presence  of  this  August  Being! 
with  what  emotions  of  awe  would  we  present  our 
adorations!  and  with  what  reverence  would  we 
talk  of  his  inscrutable  purposes  and  incompre- 
hensible operations!  We  would  not  talk  about 
him  as  some  writers  have  done,  with  the  same 
ease  and  indifference  as  a  mathematician  would 
talk  about  the  properties  of  a  triangle,  or  a  philo- 
.sopher  about  the  effects  of  a  mechanical  engine; 
nor  would  we  treat  with  a  spirit  of  levity  any  of 
the  solemn  declarations  of  his  word,  or  the  mighty 
movements  of  his  providence.  We  would  be  ever 
ready  to  join  with  ardor  in  the  sublime  devotions 
of  the  inspired  writers,  "  Great  and  marvelous 
are  thy  works,  Lord  God  Almighty,  just  and  true 
are  thy  ways,  thou  King  of  saints!  Who  would 
not  fear  thee,  O  Lord,  aird  glorify  thy  name?  Let 
all  the  earth  fear  the  Lord,  let  all  the  inhabitants 
of  the  world  stand  in  awe  of  him." 

Lastly,  The  views  we  have  taken  of  the  omni- 
potence and  grandeur  of  the  Deity  are  calculated 
to  inspire  us  with  hope  and  confidence  in  the 
prospect  of  that  eternal  existence  which  lies  be- 
fore us.  The  period  of  our  existence  in  this 
terrestrial  scene  will  soon  terminate,  and  thosa 
bodies,  through  which  we  now  hold  a  correspon- 
dence with  the  visible  creation,  crumble  into  dust. 
The  gradual  decay,  and  the  ultimate  dissolution 
of  human  bodies,  present  a  scene  at  which  reason 
stands  aghast;  and,  on  a  cursory  survey  of  the 
chambers  of  the  dead,  it  is  apt  to  exclaim,  in  the 
language  of  despair,  "Can  these  dry  bones  live?" 
A  thousand  difficulties  crowd  upon  the  mind 
which  appear  repugnant  to  the  idea,  that  beauty 
shall  again  spring  out  of  ashes,  and  life  out  of  the 
dust.  But,  when  we  look  abroad  to  the  displays 
of  Divine  power  and  intelligence,  in  the  wide  ex- 
panse of  Creation,  we  perceive  that 

"  Almighty  God 
Has  done  much  more;  nor  is  his  arm  inipair'd 
Through  length  of  days. — And  what  he  can,  he  will; 
His  faithfulness  stands  bound  to  see  it  done." — Blair. 

We  perceive  that  he  has  created  systems  in  such 
vast  profusion  that  no  man  can  number  then*. 
The  worlds  every  moment  under  his  superinten- 
dence and  direction  are  unquestionably  far  more 
numerous  than  all  the  human  beings  who  have 
hitherto  existed,  or  will  yet  exist  until  the  close 
of  time.  And  if  he  has  not  only  arranged  the 
general  features  of  each  of  these  worlds,  and  es- 
tablished the  physical  laws  by  which  its  economy 
is  regulated,  but  has  also  arranged  the  diversified 
circurasfances,  and  direct?  the  minutest  move- 
ments of  the  myriads  of  sensitive  and  intellectual 
existences  it  contains,  we  ought  never  for  a  mo- 
ment to  doubt  that  the  minutest  particles  of  every 
human  body,  however  widely  separated  from  each 
other,  and  mingled  with  other  extraneous  sub- 
stances, are  known  to  Him  whose  presence  per- 
vades all  space;  and  that  all  the  atoms  requisite 
for  the  construction  of  the  Resurrection-body 
will  be  reassembled  for  this  purpose  "by  the 
energy  of  that  mighty  power  whereby  he  is  abia 


*  Jeremiah  x.  7-13. 

t  A  Parhelion,  or  Mock-Sun,  is  a  meteor  in  the  form  of  a 
very  bright  liglit  appearing  on  one  side  of  the  sun,  and  some- 
what resembling  the  appearance  of  that  luminary.    This 


phenomenon  is  supposed  to  be  produced  by  the  refraction 
and  retlpction  of  the  sun's  rays  from  a  watery  cloud.  Some 
times  three  or  four  of  these  parhelia,  all  of  them  bearing  • 
certain  resemblance  to  the  real  sun,  have  been  seen  at  on* 
time. 
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to  subdue  all  things  to  himself."  If  we  suppose 
that  a  number  of  human  beings,  amounting  tc 
three  hundred  thousand  millions,  shall  start  from 
the  grave  into  new  life  at  the  general  resurrection, 
and  that  the  atoms  of  each  of  these  bodies  are 
just  now  under  the  special  superintendence  of 
the  Almighty — and  that,  at  least,  an  equal  num- 
ber of  worlds  are  under  his  particular  care  and 
direction — the  exertion  of  power  and  intelligence, 
in  the  former  case,  cannot  be  supposed  to  be 
greater  than  what  is  requisite  in  tlie  latter.  To 
a  Being  possessed  of  Infinite  Power,  conjoined 
with  Boundless  Intelligence,  the  superintendence 
of  countless  atoms,  and  of  countless  worlds,  is 
equally  easy,  where  no  contradiction  is  implied. 
For,  as  the  poet  has  well  observed, — 

"  He  siimmons  into  being  willi  like  ease 
A  whole  creation  and  a  single  grain." 

And  since  this  subject  tends  to  strengthen  our 
hope  of  a  resurrection  from  the  dead,  it  is  also 
calculated  to  inspire  us  with  contidence  in  the 
prospect  of  those  eternal  scenes  which  will  burst 
upon  the  view,  at  the  dissolution  of  all  terrestriul 
tilings.  Beyond  the  period  fixed  for  the  confla- 
gration of  this  world,  "a  wide  and  unbounded 
prospect  lies  before  us:"  and  though,  at  present, 
"shadows,  clouds,  and  darkness  rest  upon  it,"  yet 
the  boundless  magnificence  of  the  Divine  empire 
which  science  has  unfolded,  throws  a  radia.nce  over 
the  scenes  of  futurity,  which  is  fraught  with  con- 
solation, in  the  view  of  "  the  wreck  of  matter  and 
the  crash  of  worlds."  It  opens  to  us  a  prospect 
of  perpetual  improvement  in  knowledge  and  feli- 
city; it  presents  a  field  in  which  the  human  facul- 
ties may  be  forever  expanding,  forever  contem- 
plating new  scenes  of  grandeur  rising  to  the  view, 
in  boundless  perspective,  through  an  interminable 
Buccession  of  existence.  It  convinces  us,  that  the 
happiness  of  the  eternal  state  will  not  consist  in 
"•an  uiivaiied  repetition  of  the  same  perce]  tions 
and  enjoyments,  but  that  new  displays  of  the 
Creator's  glory  will  be  continually  bursting  on 
the  astonished  mind,  world  without  end.  And  as 
we  know  that  the  same  beneficence  and  care 
which  are  displayed  in  the  arrangements  of  sys- 
tems of  worlds,  are  also  displayed  in  supporting 
and  providing  Ibr  the  smallest  microscopic  ani- 
malcule, we  have  no  reason  to  harbor  the  least 
fear  lest  we  should  be  overlooked  in  the  immensity 
of  creation,  or  lost  amidst  the  multiplicity  of 
those  works  among  which  the  Deity  is  incessant- 
ly employed:  For,  as  he  is  Omnipresent,  his  es- 
sence pervades,  actuates,  and  supports  the  whole 
frame  of  universal  nature,  and  all  the  beings  it 
contains,  so  that  he  is  as  intimately  present  with 
every  created  being,  whether  sensitive  or  intellec- 
tual, as  that  being  is  to  itself.  And  as  he  is 
Omniscient,  he  is  conscious  of  every  movement 
that  can  arise  in  the  material  system,  and  of 
every  thought  and  purpose  that  can  pervade  the 
world  of  intellectual  existence, — and  consequently 
his  superintendence  and  care  must  extend  to 
every  creature  he  has  formed.  Therefore,  tliongh 
the  "elements  shall  rnelt  with  fervent  heat,  and 
the  earth  and  all  the  works  therein  be  dissolved, 
yet  we,  according  to  his  promise,  look  for  new 
heavens  and  anew  earth,  wherein  dwelleth  right- 
eousness." 

SECTION    III. 

O-M  Tim    WISDOM    AND   INTELLIGKNCK  OF    THE    DEITV. 

In   surveying    the   system    of  nature    with    a 
Christian  and  a  philosophic  eye,  it  may  be  con- 


sidered in  different  points  of  view.  It  may  be 
viewed  cither  as  displaying  the  power  and  magni- 
ficence of  the  Deity  in  the  immense  quantity  of 
materials  of  which  it  is  composed,  and  in  the 
august  machinery  and  movements  by  wliich 
its  economy  is  directed;  —  or,  as  manifesting 
his  Wisdom  in  the  nice  adaptation  of  every 
minute  circumstance  to  the  end  it  was  intended 
to  accomplish; — or,  as  illustrating  his  unbounded 
beneficence  in  the  provision  which  is  made  for 
the  accommodation  and  happiness  of  the  nume- 
rous tribes  of  sentient  and  intelligent  beings  it 
contains.  Having,  in  the  preceding  section,  en- 
deavored to  exhibit  some  of  those  objects  which 
evince  the  Omnipotence  of  Deity,  and  the  pious 
emotions  they  are  calculated  to  excite,  I  shall  now 
ofier  a  few  popular  illustrations  of  Divine  Wis- 
dom, as  displayed  in  the  arrangements  of  the  ma- 
terial world — which  shall  chiefly  be  confined  to 
those  objects  which  are  most  prominent  and  obvi- 
ous to  the  vulgar  eye. 

Wisdom  is  that  perfection  of  an  intelligent 
agent,  by  which  he  is  enabled  to  select  and  em- 
ploy the  most  proper  means  in  order  to  accomplish 
a  good  and  important  end.  It  includes  the  idea 
of  knowledge  or  intelligence,  but  may  be  distin- 
guished from  it.  Knowledge  is  opposed  to  igno- 
rance. Wisdom  is  opposed  to  folly  or  error  in  con- 
duct. As  applied  to  God*,  it  may  be  considered  as 
comprehending  the  operations  of  his  Omniscience 
and  Boievolence;  or,  in  other  words,  his  know- 
ledge to  discern,  and  his  disposition  to  choose 
those  means  and  ends  which  are  calculated  to 
promote  the  order  and  the  happiness  of  the  uni- 
verse. 

The  Wisdom  of  God  is,  doubtless,  displayed  in 
every  arrangement  ho  has  made  throughout  ah 
the  provinces  of  lijs  immense  and  eternal  king- 
dom, however  far  they  may  be  removed  from  the 
sphere  of  human  observation.  But  it  is  only  in 
tliose  parts  of  the  system  of  nature  which  lie  open 
to  our  particular  investigation,  that  the  traces  of 
this  perfection  can  be  distinctly  perceived.  The 
heavens  declare  the  glory  of  God's  Wisdom,  as 
well  as  of  his  Power.  The  planetary  system^ 
that  portion  of  the  heavens  with  which  we  are 
best  acquainted — displays  both  the  magniiicence 
and  the  skill  of  its  Divine  Author, — in  the  mag- 
nitudes, distances,  revolutions,  proportions,  and 
uses  of  the  various  globes  of  which  it  is  composed, 
and  in  the  diversified  apparatus  by  which  light 
and  darkness  are  alternately  distributed.  I'he 
sun,  an  immense  luminous  world,  by  far  the 
largest  body  in  the  system,  is  placed  in  the  center. 
No  othef  position  would  have  suited  for  an  equa- 
ble distribution  of  illumination  and  heat  through 
the  ditTerent  parts  of  the  system.  Around  him, 
at  different  distances,  eleven  primary  planets  re- 
volve, accompanied  with  eighteen  secondaries  or 
moons, — all  in  majestic  order  and  harmonj^,  no 
one  inlerruptirig  the  movements  of  another,  but 
invariably  ke<^ping  the  paths  prescribed  them,  and 
performing  their  revolutions  in  their  appointed 
times.  To  all  these  revolving  globes,  the  sun  dis- 
penses motion,  liglit,  heat,  fertility,  and  other 
ilnceasing  energies,  for  the  comfort  and  happiness 
of  their  respective  inhabitants — witliout  which, 
perpetual  sterility,  eternal  winter,  and  eternal 
night,  would  reign  over  every  region  of  our  globe, 
and  throughout  surrounding  worlds. 

The  distance  at  which  the  heavenly  bodies,  par- 
ticularly the  sun,  are  placed  from  tlie  earth,  is  a 
manifest  evidence  of  Divine  Wisdom.  If  tbe  suu 
were  much  nearer  us  than  he  is  at  present,  the 
earth,  as  now  constituted,  would  be  v;asted  and 
parciiod  with  excessive  heat;  the  waters  would  be 
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turned  into  vapor,  and  the  rivers,  seas,  and  oceans, 
would  soon  disappear,  leaving  nothing  behind 
tliem  but  frightful  barren  dells  and  gloomy 
caverns;  vegetation  would  completely  cease,  and 
the  tribes  of  animated  nature  languish  and  di^. 
On  tlio  other  hand,  were  the  sun  much  farther 
distant  than  he  now  is,  or  were  his  bulk,  or 
the  influence  of  his  rays  diminished  one  half  of 
what  they  now  are,  the  land  and  the  ocean  would 
soon  become  one  frozen  mass,  and  universal  deso- 
lation and  sterility  would  overspread  the  fair  face 
of  nature;  and  instead  of  a  pleasant  and  comfort- 
able abode,  our  globe  would  become  a  friglitful 
desert,  a  state  of  misery  and  perpetual  punish- 
ment.* But  herein  is  the  wisdom  of  God  dis- 
played, that  he  has  formed  the  sun  of  such  a  de- 
terminate size,  and  placed  it  at  such  a  convenient 
distance,  as  not  to  annoy,  but  to  refresh  and  cheer 
ns,  and  to  enliven  the  soil  with  its  genial  influ- 
ence; so  that  we  plainly  perceive,  to  use  the  lan- 
guage of  the  prophet,  that  "  He  hath  established 
the  world  by  his  wisdom,  and  stretched  out  the 
heavens  by  his  understanding." 

The  rotation  of  the  several  planetary  globes 
around  their  axes,  to  produce  the  alternate  suc- 
cession of  day  and  night,  strikingly  demonstrates 
the  wisdom  and  benevolence  of  their  great 
Author.  Were  the  earth  and  the  other  planetary 
worlds  destitute  of  a  diurnal  motion,  only  one- 
half  of  their  surfaces  could  be  inhabited,  and  the 
other  half  would  remain  a  dark  and  cheerless  de- 
sert. The  sun  would  be  the  only  heavenly  orb 
which  would  be  recognized  by  the  inhabitants 
of  each  respective  world,  as  existing  in  the  uni- 
verse, and  that  scene  of  grandeur  which  night 
unfolds  in  the  boundless  expanse  of  the  sky  would 
be  forever  vailed  from  their  view.  For,  it  appears 
to  be  one  grand  design  of  the  Creator,  in  giving 
these  bodies  a  diurnal  motion,  not  only  to  cheer 
their  inhabitants  with  light  and  warmth,  and  the 
gay  coloring  produced  by  the  solar  rays;  but  also 
to  open  to  them  a  prospect  of  other  portions  of 
his  vast  dominions,  which  are  dispersed  in  endless 
variety  throughout  the  illimitable  regions  of 
space,  in  order  that  they  may  acquire  a  more  sub- 
lime impression  of  the  glory  of  his  kingdom,  and 
of  his  eternal  Power  and  Godhead.  But  were 
perpetual  day  to  irradiate  the  planets,  it  would 
throw  an  eternal  and  impenetrable  vail  over  the 
glories  of  the  sky,  behind  which  the  magniflcent 
operations  of  Jehovah's  power  would  be  in  a 
great  measure  concealed.  It  is  this  circumstance 
which  we  should  consider  as  the  principal  reason 
why  a  rotatory  motion  has  been  impressed  on  the 
planetary  globes;  and  not  merely  that  a  curtain 
of  darkness  might  be  thrown  around  their  inhabi- 
tants during  the  repose  of  sleep,  as  in. the  world 
in  which  we  dwell.  For,  in  some  of  the  other 
planetary  worlds  belonging  to  our  system,  the  in- 
telligent beings  with  which  they  are  peopled  may 
stand  in  no  need  of  that  nocturnal  repose  which 
is  necessary  for  man;  their  physical  powers  may 
be  incapable  of  being  impaired,  and  their  mental 
energies  may  be  in  perpetual  exercise.     And  in 


*  It  forms  no  objection  to  these  remarks,  that  caloric,  or 
the  matter  ot'  heat,  does  not  altogether  depend  upon  the  di- 
rect ir.rtiience  of  the  sohir  rays.  The  substance  of  caloric 
may  be  chiefly  connected  with  the  constitution  of  the  globe 
we  inhabit.  But  still  it  is  quite  certain,  that  the  earth, 
as  presently  constituted,  would  sufter  effects  most  disastrous 
to  sentient  beings,  were  it  removed  much  nearer  to,  or  much 
farther  from  the  central  luminary.  Those  planets  which  are 
removed  several  hundreds  of  millions  of  miles  farther  from 
the  sun  than  our  globe,  may  possibly  experience  a  degree  of 
heat  much  greater  than  ours;  but,  in  this  case  the  constitu- 
tion ot  the  solid  parts  of  these  globes,  and  of  their  surround- 
ing atmospheres,  must  be  very  different  from  what  obtains 
tn  toe  physical  arrangements  of  our  globe. 


some  of  those  bodies  which  are  surrounded  wJth 
an  assemblage  of  rings  and  moons,  as  the  planet 
8aturn,  the  diversifled  grandeur  of  their  celestial 
phenomena,  in  the  absence  of  the  sun,  may  pre- 
sent a  scene  of  contemplation  and  enjoyment 
far  more  interesting  than  all  the  splendors  of  thoir 
noon-day.  Beside,  had  the  planets  no  motion 
round  their  axes,  and  were  both  tlieir  hemispheres 
supposed  to  be  peopled  with  inhabitants,  their 
physical  state  and  enjoyinents  would  be  as  oppo- 
site to  eacii  other,  as  if  they  lived  under  the 
government  of  two  distinct  independent  beings. 
While,  the  one  class  was  basking  under  the  splen- 
dors of  perpetual  day,  the  other  would  be  involved 
in  all  ilie  horrors  of  an  everlasting  night.  While 
the  one  hemisphere  would  be  parched  with  exces- 
sive heat,  the  other  would  be  bound  in  the  fettera 
of  eternal  ice;  and  in  such  a  globe  as  ours,  the 
motion  of  the  tides,  the  ascent  of  the  vapors,  the 
currsnts  of  the  atmosphere,  the  course  of  the 
winds,  the  benign  influences  of  the  rains  and 
dews,  and  a  thousand  other  movements,  which 
produce  so  many  salutary  and  beneficial  effects, 
would  be  completely  deranged.  Hence  we  find, 
that  in  all  the  planetary  bodies  on  which  spots 
have  been  discovered,  a  rotatory  motion  actually 
exists,*  in  the  secondary  as  well  as  in  the  primary 
planets,  and  even  in  the  sun  itself,  the  center  and 
the  mover  of  the  whole:  in  which  arrangement 
of  the  Almighty  Creator,  the  evidences  of  wisdom 
and  design  are  strikingly  apparent. 

This  amazing  scene  of  Divine  workmanship 
and  skill  which  the  planetary  system  exhibits,  wo 
have  reason  to  believe  is  multiplied  and  diversified 
to  an  indefinite  extent,  throughout  all  the  other 
systems  of  creation,  displaying  to  the  intelligen- 
ces of  every  region  "  the  manifold  wisdom  of 
God."  For  there  can  be  no  question,  that  every 
star  we  now  behold,  either  by  the  nuked  eye  or 
by  the  help  of  a  telescope,  is  the  center  of  a  sys- 
tem of  planetary  worlds,  where  the  agency  of 
God,  and  his  unsearchable  wisdom,  may  be  end- 
lessly varied,  and  perhaps  more  strikingly  dis- 
played than  even  in  the  system  to  which  wo 
belong.  These  vast  globes  of  light  could  never 
have  been  designed  merely  to  shed  a  few  glim- 
mering rays  on  our  far  distant  world:  for  the  ten 
thousandth  part  of  them  has  never  yet  been  seen 
by  the  inhabitants  of  the  earth  since  the  Mosaic 
creation,  except  by  a  few  astronomers  of  the  past 
and  the  present  age;  and  the  light  of  many  of 
them,  in  all  probability,  has  never  yet  reached  us, 
and  perhaps  never  will  until  the  period  of  "the 
consummation  of  all  terrestrial  things."  They 
were  not  made  in  vain;  for  such  a  supposition 
would  be  inconsistent  with  every  idea  we  can 
form  of  the  attributes  of  a  Being  of  infinite  per- 
fection. They  were  not  intended  merely  to  diver- 
sify the  voids  of  infinite  space  with  a  useless 
splendor  which  has  no  relation  to  intellectual  na- 
tures: for  this  would  give  us  a  most  distorted  and 
inconsistent  idea  of  the  character  of  Him  who  is 
"the  only-wise  God;"  and  we  are  told  by  an 
authority  which  cannot  be  questioned,  that  "  by 
his  wisdom  he  made  the  heavens,  and  stretched 
thein  out  by  his  understanding."  The  only  ra- 
tional conclusion,  therefore,  which  can  be  deduced, 
is,  that  they  are  destined  to  distribute  illumination 
and  splendor,  vivifying  influence  and  happiness, 


*  On  the  planet  Uranus,  or  Herschel,  no  spots  or  inetjnali. 
tics  of  surface  have  been  discovered,  on  account  of  its  great 
distance  from  the  earth;  but  spots  have  been  discovered  on 
the  planets  Saturn,  Jnpiter,  .Mars,  and  Venus,  by  whick 
their  diurnal  rotations  have  been  ascertained.  There  can 
be  no  doubt,  however,  that  Uranus  rotates  on  an  axis  at 
well  as  the  other  planets,  although  its  distance  prevents  lu 
from  determining  this  point  by  actual  observation. 
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among  incalculable  numbers  of  intelligent  beings, 
of  various  degrees  of  physical,  moral,  and  intel- 
lectual excellence.  And  wherever  the  Creator 
has  exerted  his  Almighty  energies  in  the  produc- 
tion of  sensitive  and  intellectual  natures  we  may 
rest  assured,  ihat  there  also  his  infinite  wisdom 
and  intelligence,  in  an  endless  variety  of  arrange- 
ments, contrivances,  and  adaptations,  are  unceas- 
ingly displayed. 

But,  after  all,  whatever  evidences  of  contri- 
vance and  design  the  celestial  globes  may  exhibit, 
it  is  not  in  the  heavens  that  the  most  striking  dis- 
plays of  Divine  wisdom  can  be  traced  by  the  in- 
habitants of  our  world.  It  is  only  a  few  general 
relations  and  adaptations  that  can  be  distinctly 
perceived  among  the  orbs  of  the  firmament; 
though,  in  so  far  as  we  are  able  to  trace  the  pur- 
poses which  they  subserve,  the  marks  of  beauty, 
order,  and  design,  are  uniformly  apparent.  But 
we  are  placed  at  too  great  a  distance  from  the 
orbs  of  heaven,  to  be  able  to  investigate  the  par- 
ticular arrangements  which  enter  into  the  physical 
and  moral  economy  of  the  celestial  worlds.  Were 
we  transported  to  the  surface  of  the  planet  Jupi- 
ter, and  had  an  opportunity  of  surveying,  at  lei- 
sure, tiie  regions  of  that  vast  globe,  and  the  tribes 
of  sensitive  and  intellectual  existence  which  com- 
pose its  population —  of  oontemplating  the  rela- 
tions of  its  moons  to  the  pleasure  and  comfort  of 
its  inhabitants — the  constitution  of  its  atmo- 
ephere  as  to  its  reflective  and  refractive  powers,  in 
producing  a  degree  of  illumination  to  compensate 
for  the  great  distance  of  that  planet  from  the  sun 
— its  adaptation  to  the  functions  of  animal  life — 
the  construction  of  the  visual  organs  of  its  inhab- 
itants, and  the  degree  of  sensibility  they  possess, 
corresponding  to  the  quantity  of  light  received 
from  the  sun — the  temperature  of  the  surface  and 
atmosphere  of  this  globe,  corresponding  to  its  dis- 
Uince  from  the  central  source  of  heat,  and  to  the 
j>hysical  constitution  of  sensitive  beings  —  in 
short,  could  we  investigate  the  relations  which 
inanimate  nature,  in  all  its  varieties  and  subiimi- 
Oes,  bears  to  the  necessities  and  the  happiness  of 
the  animated  existences  that  traverse  its  different 
regions,  we  should,  doubtless,  behold  a  scene  of 
Divine  wisdom  and  intelligence,  far  more  admira- 
ble and  astonishing  than  even  that  which  is  exhi- 
bited in  our  sublunary  world. — But  since  it  is  im- 
possible for  us  to  investigate  the  economy  of  other 
worlds,  while  we  are  chained  down  to  this  terres- 
trial sphere,  we  must  direct  our  attention  to  those 
arrangements  and  contrivances  in  the  constitution 
of  our  own  globe,  which  lie  open  to  our  particu- 
lar inspection,  in  order  to  perceive  more  distinctly 
tlie  benevolent  designs  of  Him  "  in  whom  we  live, 
and  move,  and  have  our  being."  And  here  an 
attentive  observer  will  find,  in  almost  every  ob- 
ject, when  minutely  examined,  a  display  of  good- 
ness and  intelligence,  which  will  constrain  him  to 
exclaim,  "O  the  depth  of  the  riches,  both  of  the 
wisdom  and  the  knowledge  of  God!" 

Wisdom,  considered  as  consisting  in  contriv- 
ance, or  the  selection  of  the  most  proper  means  in 
order  to  accomplish  an  important  end,  may  be  ex- 
emplified and  illustrated  in  a  variety  of  familiar 
objects  in  the  scene  of  nature. 

The  earth  on  which  we  tread  was  evidently  in- 
tended by  the  Creator  to  support  man  and  other 
animals,  along  with  their  habitations,  and  to  fur- 
nish those  vegetable  productions  which  are  neces- 
sary for  their  subsistence;  and,  accordingly,  ho 
has  given  it  that  exact  degree  of  consistency  which 
is  requisite  for  these  purposes.  Were  it  much 
harder  than  it  now  is — were  it,  for  example,  as 
dense  as  a  rock,  it  would  be  incapable  of  cultiva- 


tion, and  vegetables  could  not  be  produced  from 
its  surface.  Were  it  softer  it  would  be  insufllcient 
to  support  us,  and  we  should  sink  at  evc<ry  step, 
like  a  person  walking  in  a  quagmire.  No  build- 
ings, such  as  those  we  now  construct  could  have 
been  supported,  and  no  conveyances  such  as 
coaches  and  steam-carriages  could  have  moved 
along  its  surface.  Had  this  circumstance  not 
been  attended  to  in  its  formation,  the  earth  would 
have  been  rendered  useless  as  a  habitable  world  for 
all  those  animated  beings  which  now  traverse  its 
different  regions.  The  exact  adjustments  of  the 
solid  parts  of  the  globe  to  the  nature  and  necessi- 
ties of  the  beings  which  inhabit  it,  is  therefore  an 
instance  and  an  evidence  of  wisdom. 

The  diversity  of  surface  which  it  everywhere 
presents,  in  the  mountains  and  vales  with  which 
it  is  variegated,  indicates  the  same  benevolent  con- 
trivance and  design.  If  the  earth  were  divested 
of  its  mountains,  and  its  surface  were  everywhere 
uniformly  smooth,  there  would  be  no  rivers, 
springs,  or  fountains;  for  water  can  flow  only 
from  a  higher  to  a  lower  place;  the  vegetable 
tribes  would  droop  and  languish;  man  and  other 
animals  would  be  deprived  of  what  is  necessary 
for  their  existence  and  comfort;  we  should  be 
destitute  of  many  useful  stones,  minerals,  plants, 
and  trees,  which  are  now  produced  on  the  surface 
and  in  the  interior  of  mountains;  the  sea  itself 
would  become  a  stagnant  marsh,  or  overflow  tlje 
land;  and  the  whole  surface  of  nature  in  our  ter- 
restrial sphere  would  present  an  unvaried  scene 
of  dull  uniformity.  Those  picturesque  and  sub- 
lime scenes  which  fire  the  imagination  of  the 
poet,  and  which  render  mountainous  districts  so 
pleasing  to  the  philosophic  traveler,  would  be 
completely  withdrawn;  and  all  around,  when 
compared  with  such  diversified  landscapes,  would 
appear  as  fatiguing  to  the  eye  as  the  vast  solitudes 
of  the  Arabian  deserts,  or  the  dull  monotony  of 
the  ocean.  But,  in  consequence  of  the  admirable 
distribution  of  hills  and  mountains  over  the  sur- 
face of  our  globe,  a  variety  of  useful  and  orna- 
mental effects  is  produced.  Their  lofty  summits 
are  destined  b}"^  Pro\idence  to  arrest  the  vapors 
which  float  in  the  regions  of  the  air;  their  inter- 
nal cavities  form  so  many  spacious  basins  for  the 
reception  of  water  distilled  from  the  clouds;  they 
are  the  original  sources  of  springs  and  livers, 
which  water  and  fertilize  the  earth;  they  form  im 
mense  magazines,  in  which  are  deposited  stones, 
metals,  and  minerals,  which  are  of  so  essential 
service  in  the  arts  that  promote  the  comfort  of 
human  life;  they  serve  for  the  production  of  a  vast 
variety  of  herbs  and  trees;  they  arrest  the  pro 
gress  of  storms  and  tempests;  they  afford  shelter 
and  entertainment  to  various  animals  which  min- 
ister to  the  wants  of  mankind:  in  a  word,  they 
adorn  and  embellish  the  face  of  nature — they  form 
thousands  of  sublime  and  beautiful  landscapes, 
and  afford  from  their  summits  the  most  delightful 
prospects  of  the  plains  below.  All  these  circum- 
stances demonstrate  the  consummate  wisdom  of 
the  Great  Architect  of  nature,  and  lead  us  to  con- 
clude, that  mountains,  so  -far  from  being  rude 
excrescences  of  nature,  as  some  have  asserted, 
form  an  essential  part  of   the  constitution,   not 

only  of  our  globe,  but  of  all  habitable  worlds 

And  this  conclusion  is  confirmed,  so  far  as  our 
observation  extends,  with  regard  to  the  moon,  and 
several  of  the  planetary  bodies  which  belong  to 
our  system,  whose  surfaces  are  found  to  be  di- 
versified by  sublime  ramifications  of  mountain 
scenery;  which  circumstance  forms  one  collateral 
proof,  among  many  others,  that  tliey  are  the 
abodes  of  sentient  and  intellectual  beings. 
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Again,  the  coloring  wliich  is  spread  over  the 
face  of  nature  indicates  the  wisdom  of  the  Deity. 
It  is  essential  to  tlie  present  mode  of  our  exist- 
ence, and  it  was  evidently  intended  by  the  Crea- 
tor, that  we  should  be  enabled  easily  to  recognize 
the  forms  and  properties  of  the  various  objects 
with  which  we  are  sun-ounded.  But  were  the 
objects  of  nature  destitute  of  color,  or  were 
the  same  unvaried  hue  spread  over  the  face  of 
creation,  we  should  be  destitute  of  all  the  enter- 
tainments of  vision,  and  be  at  a  loss  to  distinguish 
one  object  from  another.  We  should  be  unable 
to  distinguish  rugged  precipices  from  fruitful  liills 
— naked  rocks  from  human  habitations — the  trees 
from  the  hills  that  bear  them — and  the  tilled  from 
the  untilled  lands.  "We  should  liesitate  to  pro- 
nounce whether  an  adjacent  inclosure  contains  a 
piece  of  pasturage,  a  plot  of  arable  land,  or  a  field 
of  corn;  and  itwould  require  a  little  journey,  and 
a  minute  investigation,  to  determine  such'a  point. 
We  could  not  determine  whether  the  first  person 
we  met  were  a  soldier  in  his  regimentals,  or  a 
swain  in  his  Sunday  suit;  a  bride  in  her  orna- 
ments, or  a  widow  in  her  weeds."  Such  would 
have  been  the  aspect  of  nature,  and  such  the  in- 
conveniences to  which  we  should  have  been  sub- 
jected, had  God  allowed  us  light,  without  the  dis- 
tinction of  colors.  We  could  have  distinguished 
objects  only  by  intricate  trains  of  reasoning,  and 
by  circumstances  of  time,  place,  and  relative  po- 
sition. And  to  what  delays  and  perplexities 
should  we  have  been  reduced,  had  we  been  ob- 
liged every  moment  to  distinguish  one  thing  from 
another  by  reasoning?  Our  whole  life  must  then 
have  been  employed  rather  in  study  than  in  ac- 
tion; and  after  all,  we  must  have  remained  in 
eternal  uncertainty  as  to  many  things  which  are 
now  quite  obvious  to  every  one  as  soon  as  he 
opens  his  eyes.  We  could  neither  have  com- 
municated our  thoughts  by  writing,  nor  have  de- 
rived instruction  from  others  through  the  medium 
of  books;  for  it  is  the  contrast  of  different  colors 
which  enables  us  to  distinguish  the  letters,  words, 
and  sentences,  in  a  written  or  printed  book — so 
that  we  should  now  have  been  almost  as  ignorant 
of  the  transactions  of  past  ages,  as  we  are  of 
the  events  which  are  passing  in  the  planetary 
worlds;  and,  consequently,  we  could  never  have 
enjoyed  a  written  revelation  from  Heaven,  nor 
any  other  infallible  guide  to  direct  us  in  the  path 
to  happiness,  if  the  Almighty  had  not  distinguish- 
ed the  rays  of  light,  and  painted  the  objects 
around  us  with  a  diversity  of  colors, — so  essen- 
tially connected  are  the  minutest  and  the  most 
magnificent  works  of  Deity.  But  now,  in  the 
present  constitution  of  things,  color  characterizes 
the  class  to'  which  every  individual  belongs,  and 
indicates,  upon  the  first  inspection,  its  respective 
quality.  Every  object  wears  its  peculiar  livery, 
and  has  a  distinguishing  mark  by  which  it  is  cha- 
racterized. 

The  different  hues  which  are  spread  over  the 
scenery  of  the  world  are  also  highly  ornamental 
to  the  face  of  nature,  qnd  afford  a  variety  of  plea- 
sures to  the  eye  and  the  imagination.  It  is  this 
circumstance  which  adds  a  charm  to  the  fields, 
the  valleys,  and  the  hills,  the  lofty  mountain,  the 
winding  river,  and  the  expansive  lake;  and  which 
gives  a  splendor  and  sublimity  to  the  capacious 
vault  of  heaven.  Color  is  therefore  an  essential 
requisite  to  every  world  inhabited  by  sensitive  be- 
ings; and  we  know,  that  provision  has  been  made 
for  diffusing  it  throughout  all  the  globes  which 
may  exist  in  the  distant  regions  which  our  tele- 
scopes have  penetrated;  for  the  light  which  radi- 
ates from  the  most  distant  stars  is  capable  of  be- 


ing separated  into  the  prismatic  colors,  similar  to 
those  which  are  produced  by  the  solar  rays;  which 
furnishes  a  presumptive  proof,  that  they  are  in- 
teniled  to  accomplish  designs,  in  their  respective 
spheres,  analogous  to  those  which  light  subserves 
in  our  terrestrial  habitation, — or,  in  other  words, 
tliat  they  are  destined  to  convey  to  thp  minds  of 
sentient  beings,  impressions  of  light  and  color; 
and  consequently,  beings  susceptible  of  such 
impressions  must  reside  within  the  sphere  or 
more  innnediate  influence  of  these  far  distant 
orbs. 

The  same  benevolent  design  is  apparent  in  the 
general  color  vrhich  prevails  tkroughnd  the  scene  of 
sublunary  nature.  Had  the  fields  been  clothed 
with  hues  of  a  deep  red,  or  a  brilliant  white,  the 
eye  would  have  been  dazzled  with  the  splendor  of 
their  aspect.  Had  a  dark  blue  or  a  black  color 
generally  prevailed,  it  would  have  cast  a  universal 
gloom  over  the  face  of  nature.  But  an  agreeable 
green  holds  the  medium  between  these  two  ex- 
tremes, equally  remote  from  a  dismal  gloom  and 
excessive  splendor,  and  bears  such  a  relation  to 
the  structure  of  the  eye,  that  it  refreshes  instead 
of  tiring  it,  and  supports  instead  of  diminishing 
its  force.  At  the  same  time,  though  one  general 
color  prevails  over  the  landscape  of  the  earth,  it 
is  diversified  by  an  admirable  variety  of  shades, 
so  that  every  individual  object  in  the  vegetable 
world  can  be  accurately  distinguislied  from  an- 
other; thus  producing  a  beautiful  and  variegated 
appearance  over  the  whole  scenery  of  nature. — 
"  W^ho  sees  not,  in  all  these  things,  that  the  hand 
of  the  Lord  hath  u^rought  this?" 

If  from  the  earth  we  turn  our  attention  to  th© 
waters,  we  shall  perceive  similar  traces  of  the  ex- 
quisite wisdom  and  skill  of  the  Author  of  nature. 
Water  is  one  of  the  most  essential  elementary 
parts  in  the  constitution  of  our  globe,  without 
which  the  various  tribes  of  beings  which  nov/ 
people  it  could  not  exist.  It  supplies  a  necessary 
beverage  to  man,  and  to  all  the  animals  that  peo- 
ple the  earth  and  the  air.  It  forms  a  solvent  for 
a  great  variety  of  solid  bodies;  it  is  the  element 
in  which  an  infinitude  of  organized  beings  pass 
their  existence;  it  acts  an  important  part  in  con- 
veying life  and  nourishment  to  all  the  tribes  of 
the  vegetable  kingdom,  and  gives  salubrity  to  the 
atmospherical  regions.  Collected  in  immcnsa 
masses  in  the  basins  of  the  sea,  it  sei-ves  as  a  ve- 
hicle for  ships,  and  as  a  medium  of  communica- 
tion between  people  of  the  most  distant  lands. — 
Carried  along  with  a  progressive  motion  over  the 
beds  of  streams  and  of  rivers,  it  gives  a  brisk  im- 
pulse to  the  air,  and  prevents  the  unwholesome 
stagnation  of  vapors;  it  receives  the  filth  of  popu- 
lous cities,  and  rids  them  of  a  thousand  nuisances. 
By  its  impulsion,  it  becomes  the  mover  of  a  mul- 
titude of  machines;  and,  when  rarified  into  steam, 

i  it  is  transformed  into  one  of  the  most  powerful 
and  useful  agents  under  the  dominion  of  man. — 

:  All  which  beneficial  effects  entirely  depend  on  tlia 
exact  degree  of  density,  or  specine  gravity,  which 
the  Creator  has  given  to  its  constituent  parts. 
Had  it  been  much  more  rarified  than  it  is,  it 
would  have  been  altogether  unfit  to  answer  th« 
purposes  now  specified;  the  whole  face  of  the 
earth  would  have  been  a  dry  and  barren  waste; 
vegetable  nature  could  not  have  been  nourished; 
our  floating  edifices  could  not  have  been  support- 
ed; the  lightest  bodies  would  have  sunk,  and  all 
regular  intercourse  with  distant  nations  woula 
have  been  prevented.  On  the  other  hand,  had 
its  parts  been  much  denser  than  they  are, — foi 
example,  had  they  been  of  the  consistency  of  a 
thin  jelly,  similar  disastrous  effects  would  have 
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(ne-ntably  followed;  ^  ■'liips  could  have  plowed 
the  ocean  —no  refres  ing  beverage  wouKl  have 
been  supplied  to  the  aniiiiul  tribes — the  absorbent 
vessels  ol"  trees,  l»erbs,  and  flowers,  would  have 
been  unable  to  imbibe  ihe  moisture  requisite  for 
their  nourishment,  and  we  should  thus  iiave  been 
deprived  of  all  the  bpMeficial  effects  we  now  de- 
rive from  the  use  of  that  liquid  element,  and  of 
all  the  diversilied  si'-.^nery  of  the  vegetable  world. 
But  the  coutlgunilioj)  and  consistency  of  its  parts 
are  so  nicely  aiijusted  to  the  constitution  of  the 
other  elements,  and  to  the  wants  of  the  sensitive 
and  vegetalilc  tribes,  as  exactly  to  subserve  the 
ends  intended  in  the  system  of  nature. 

Water  has  been  ascertained  to  be  a  compound 
body,  formed  by  the  union  of  two  different  kinds 
of  air — oxygen  and  hydrogen.  It  has  the  property 
of  becoming,  in  ceilain  cases,  much  lighter  than 
air;  though,  in  its  natural  liquid  state,  it  is  800 
times  heavier  than  that  fluid;  and  has  also  the 
property  of  afterward  resuming  its  natural  weight. 
Were  it  not  for  this  property,  evaporation  could 
uot  be  pioduced;  and,  consequently,  no  clouds, 
rain,  nor  dew  could  be  formed,  to  water  and  ferti- 
lize the  different  regions  of  the  earth.  But  in 
consequence  of  this  wonderful  property,  the  ocean 
becomes  an  inexhaustible  cistern  to  our  world. 
From  its  expansive  surface  are  exhaled  those  va- 
pors which  supply  the  rivers  and  nourish  the 
vegetable  productions  of  every  land.  "The  air 
and  tlie  sun,"  says  an  elegant  writer,  "  constitute 
the  mighty  engine  which  works  without  inter- 
mission to  raise  the  liquid  treasure;  while  the 
clouds  serve  as  so  many  aqueducts  to  convey 
them  along  the  atmosphere,  and  distribute  them 
at  seasonable  periods,  and  in  regular  proportions, 
through  all  the  regions  of  the  globe." 

Notwithstanding  the  properties  now  stated,  ?/io- 
tion  was  still  requisite,  to  insure  all  the  advantages 
we  new  derive  from  the  liquid  element.  Had  the 
v/hole  mass  of  waters  been  in  a  stagnant  state,  a 
thousand  inconveniences  and  disastrous  conse- 
quences would  have  inevitably  ensued.  But  the 
All-wise  Creator  has  impressed  upon  its  various 
masses  a  circulating  motion,  which  preserves  its 
purity  and  widely  extends  its  beneficial  influence. 
The  rills  pour  their  liquid  stores  into  the  rivers; 
tlie  river.'',  roll  their  watery  treasures  into  the 
ocean;  the  waters  of  the  ocean,  by  a  libratory 
motion,  roll  backward  and  forward  every  twelve 
bourse,  and  by  means  of  currents  and  the  force  of 
winds,  are  kept  in  constant  agitation.  By  the 
solar  heat,  a  portion  of  these  waters  is  carried 
up  into  the  atmosphere,  and,  in  the  form  of  clouds, 
is  conveyed  by  the  winds  over  various  regions; 
until  at  last  it  descends  in  rain  and  dew,  to  supply 
the  springs  "which  run  among  the  hills."  So 
that  there  is  a  constant  motion  and  circulation  of 
the  watery  element,  that  it  may  serve  as  an  agent 
for  carrying  forward  the  various  processes  of  na- 
ture, and  foi  ministering  to  the  wants  of  man  and 
beast. 

In  fine,  were  the  waters  in  a  state  of  perpetual 
stagnation,  the  filth  of  populous  cities  would  be 
accumulated  to  a  most  unwholesome  degree;  the 
air  would  be  fill^^d  with  putrid  exhalations,  and 
the  vegetable  tribes  would  languish  and  die. 
Were  they  deprived  of  the  property  of  being  eva- 
porated (in  which  state  they  occupy  a  space  1600 
times  greater  than  in  their  liquid  state)i  rain  and 
dew  could  never  be  produced,  and  the  earth  would 
be  turned  into  "  a  dr\'  and  parched  wilderne.ss;" 
neither  grass  nor  corn  could  be  sufficiently  dried 
to  lay  up  for  use;  our  clothes,  when  washed,  could 
never  Le  dried;  and  a  variety  of  common  opera- 
tions which  now  conduce  to  our  convenience  and 
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comfort,  could  never  be  carried  on.  But  the  hi- 
finite  wisdom  of  the  Creator,  foreseeing  all  the 
elTecls  which  can  possibly  arise  from  tliese  prin- 
ciples of  nature,  bus  eflectually  provided  against 
such  disasters,  by  arranging  all  things  in  number, 
weight,  and  measure,  to  subserve  the  beneficial 
ends  for  which  they  were  ordained.  "  He  causeth 
the  vapors  to  ascend  from  the  ends  of  the  earth;" 
"  he  sendeth  the  springs  into  the  valleys,  ,vhich 
run  among  the  hills.  They  give  drink  to  every 
beast  of  the  field;  the  wild  asses  quench  their 
thirst.  By  them  the  fowls  of  heaven  '  ave  their 
habitation,  which  sing  among  the  branches.  He 
watereth  the  hills  from  his  chambers:  the  earth  is 
satisfied  with  the  fruit  of  his  works.' 

Let  us  now  attend  to  the  atmosphere,  hi  the  con- 
stitution of  which  the  wisdom  of  God  is  no  less 
conspicuous  than  in  the  other  departments  of 
nature. 

The  atmosphere  is  one  of  the  most  essential  ap- 
pendages of  the  globe  we  inhabit,  and  exhibits  a 
most  striking  scene  of  Divine  skill  and  omnipo- 
tence. The  term  atmosphere  is  applied  to  the 
whole  mass  of  fluids,  consisting  of  air,  vapors, 
electric  fluid,  and  other  matters,  which  surround 
the  earth  to  a  certain  bight.  This  mass  of  fluid 
matter  gravitates  to  the  earth,  revolves  with  it  in  its 
diurnal  rotation,  and  is  carried  along  with  it  in  its 
course  round  the  sun  every  year.  It  has  been 
computed  to  extend  about  45  miles  above  the 
earth's  surface,  and  it  presses  on  the  earth  with 
a  force  proportioned  to  its  hight  and  density. 
From  experiments  made  by  the  barometer,  it  has 
been  ascertained  that  it  presses  with  a  weight  of 
about  15  pounds  on  every  square  inch  of  the 
earth's  surface;  and,  therefore,  its  pressure  on  th» 
body  of  a  middle-sized  man  is  equal  to  about 
32,000  pounds,  or  14  tons  avoirdupois,  a  pressure 
which  would  be  insupportable,  and  even  fatal, 
were  it  not  equal  in  every  part,  and  counterba- 
lanced by  the  spring  of  the  air  within  us.  Tha 
pressure  of  the  whole  atmosphere  upon  the  earth 
is  computed  to  be  equivalent  to  that  of  a  globe  of 
lead  60  miles  in  diameter,  or  about  5,000,000,000,- 
000,000  tons;  that  is,  the  whole  mass  of  air  which 
surrounds  the  globe  compresses  the  earth  with  a 
force  or  power  equal  to  that  o{  five  thousand  mil- 
lions of  millions  of  tons.*  This  amazing  pressure 
is,  however,  essentially  necessary  for  the  preserva- 
tion of  the  present  constitution  of  our  globe,  and 
of  the  animated  beings  which  dwell  on  its  sur- 
face. It  prevents  the  heat  of  the  sun  from  con- 
verting water,  and  all  other  fluids  on  the  face  of 
the  earth,  into  vapor;  and  preserves  the  vessels 
of  all  organized  beings  in  due  tone  and  vigor. 
Were  the  atmospherical  pressure  entirely  re- 
moved, the  elastic  fluids  contained  in  the  finer 
vessels  of  men  and  other  animals,  would  inevita- 
bly burst  them,  and  life  would  become  extinct;  + 


*  See  Appendix,  Note  11. 

tTlie  necessity  of  tlie  atmosptierical  pressure,  for  the 
comfort  and  preservation  of  animal  life,  might  be  illnstrated 
by  the  effects  experienced  by  those  who  have  ascended  to 
the  summits  of  very  high  mountains,  or  who  have  been  car- 
ried to  a  great  hight  above  the  surface  of  the  eartli  in  bal- 
loons. Acosta,  in  his  relation  of  a  journey  among  tha 
mountains  of  Peru,  states  that  "  he  and  his  companions 
were  surprised  with  such  extreme  pangs  of  straining  and 
vomiting,  not  without  casting  up  of  blood  too,  and  with  so 
violent  a  distemper,  that  they  would  undoubtedly  have  died 
had  they  remained  two  or  three  hours  longer  in  that  elevaterl 
situation."  Count  Zambeccari  and  his  companions,  who 
ascended  in  a  balloon  on  the  7th  of  Noveml)er,  178S,  to  a 
great  hight,  found  their  hands  and  feet  so  swelled,  that  it 
was  necessary  for  a  surgeon  to  make  incisions  in  the  skin. 
In  both  the  cases  now  stated,  the  persons  ascended  to  so 
great  a  hight  that  the  pressure  of  ihe  atmosphere  was  not 
sufficient  to  counterbalance  the  pressure  of  the  fluids  of  the 
body. 
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and  most  of  the  substances  on  the  face  of  the 
earth,  particularly  liquids,  would  be  dissipated 
into  vapor. 

The  atmosphere  is  now  ascertained  to  be  a  com- 
pound substance,  formed  of  two  very  different  in- 
gredients, termed  oxygen  gas  and  nitrogen  gas. 
Of  1(J0  measures  of  atmospheric  air,  21  are  oxy- 
gen, and  79  nitrogen.  Tlie  one,  namely,  oxygen, 
is  the  principle  of  combustion  and  the  vehicle  of 
heat,  and  is  absolutely  necessary  for  the  support 
of  animal  life,  and  is  the  most  powerful  and  ener- 
getic agent  in  nature;  the  other  is  altogether  in- 
capable of  supporting  either  flame  or  animal  life. 
Were  we  to  breathe  oxygen  air,  without  any 
mixture  or  alloy,  our  animal  spirits  would  be 
raised,  and  the  fluids  in  our  bodies  would  circu- 
late with  greater  rapidity;  but  we  would  soon 
infallibly  perish  by  the  rapid  and  unnatural  accu- 
mulation of  heat  in  the  animal  frame.  If  the 
nitrogen  were  extracted  from  the  air,  and  tJse 
whole  atmosphere  contained  nothing  but  oxygen 
or  vital  air,  combustion  would  not  proceed  in  that 
gradual  manner  which  it  now  does,  but  with  tlie 
most  dreadful  and  irresistible  rapidity:  not  only 
wood  and  coals,  and  other  substances  now  us'd 
for  fuel,  but  even  stones,  iron,  and  other  metallic 
Bubstances,  would  blaze  with  a  rapiJity  wliich 
vould  carry  destruction  through  the  whole  ex- 
panse of  nature.  If  even  the  proportions  of  the 
two  airs  were  materially  altered,  a  variety  of  per- 
nicious effects  would  instantly  be  produced.  If 
the  oxygen  were  less  in  quantity  than  it  now  is, 
fire  would  lose  its  strength,  candles  would  not 
diffuse  a  sufficient  light,  and  animals  would  per- 
form their  vital  functions  with  the  utmost  diffi- 
culty and  pain.  On  the  other  hand,  were  the 
nitrogen  diminished  and  the  oxygen  increased,  the 
air  taken  in  by  respiration  would  be  more  stimu- 
lant, and  the  circulation  of  the  animal  fluiis 
would  become  accelerated;  but  the  tone  of  the 
vessels  thus  stimulated  to  increased  action,  would 
be  destroyed  by  too  great  an  excitement,  and  the 
body  would  inevitably  waste  and  decay.  Again, 
were  the  oxygen  completely  extracted  from  the 
atmosphere,  and  nothing  but  nitrogen  to  remain, 
fire  and  flame  would  be  extinguished,  and  in- 
stant destruction  would  be  carried  throughout 
all  the  departments  of  vegetable  and  animated 
nature.  For  a  lighted  taper  will  not  burn  for 
a  single  moment  in  nitrogen  gis,  and  if  an 
animal  be  plunged  into  it,  it  is  instantly  suf- 
focated. 

Again,  not  only  the  extraction  of  any  one  of 
the  component  parts  of  the  atmosphere,  or  the 
alteration  of  their  respective  proportions,  but  even 
the  slightest  increase  or  diminution  of  their  spe- 
cific gravity,  would  be  attended  with  the  most  dis- 
a"stTo"us  effects.  The  nitrogen  is  found  to  be  a 
little  lighter  than  common  air,  which  enables  it 
to  rise  toward  the  higher  regions  of  the  atmos- 
phere. In  breathing,  the  air  which  is  evolved 
from  the  lungs,  at  every  expiration,  consists 
chiefly  of  nitrogen,  which  is  entirely  unfit  to  be 
breathed  again,  and  therefore  rises  above  our 
heads  before  the  next  inspiration.  Now,  had 
nitrogen,  instead  of  being  a  little  lighter,  been  a 
slight  degree  heavier  than  common  air,  or  of  the 
same  specific  gravity,  it  would  have  accumulated 
on  the  surface  of  the  earth,  and  particularly  in 
our  apartments,  to  such  a  degree  as  to  have  pro- 
duced diseases,  pestilence,  and  death,  in  rapid 
succession.  But  being  a  little  lighter  than  the 
surrounding  air,  it  flies  upward,  and  we  never 
breathe  it  again,  until  it  enters  into  new  and  salu- 
tary combinations.  Such  is  the  benevolent  skill 
which  the  Author  of  Nature  has  displayed,  for 


promoting  the  comfort  and  preservation  "  of 
everything  that  lives."  * 

Further,  were  the  air  colored,  or  were  its  parti- 
cles much  larger  than  they  are,  we  could  nevei 
obtain  a  distinct  view  of  any  other  object.  The 
exhalations  which  rise  from  the  earth,  being  ren- 
dered visible,  would  disfigure  the  rich  landscape 
of  the  universe,  and  render  life  disagreeable.  Bui 
the  Almighty  by  rendering  the  air  invisible,  has 
enabled  us  not  only  to  take  a  delightful  and  dis- 
tinct survey  of  the  objects  that  surround  us,  but 
has  vailed  from  our  view  the  gross  humors  inces- 
santly perspired  from  animal  bodies,  the  filth 
exhaled  from  kitchens,  streets,  and  sewers,  and 
every  other  object  that  would  excite  disgust. 
Again,  were  the  different  portions  of  the  atmosphere 
completely  stationary,  and  not  susceptible  of  agita- 
tion, all  nature  would  soon  be  thrown  into  confu- 
sion. The  vapors  which  are  exhaled  from  the  sea 
by  the  heat  of  the  sun,  would  be  suspended,  and 
remain  forever  fixed  over  those  places  from 
whence  they  arose.  For  want  of  this  agitation 
of  the  air,  which  now  scatters  and  disperses  the 
clouds  over  every  region,  the  sun  would  con- 
stantly scorch  some  districts,  and  be  forever  hid 
from  others;  the  balance  of  nature  would  bo  de- 
stroyed; navigation,  as  it  has  hitherto  been  carried 
on  by  the  agency  of  winds,  would  be  useless,  anc" 
we  could  no  longer  enjoy  the  productions  of  dif. 
ferent  climates.  In  fine,  were  the  atmosphere 
capable  of  being  frozen,  or  converted  into  a  solid 
mass,  as  all  other  fluids  are  (and  we  know  no 
reason  why  it  should  not  be  subject  to  congela- 
tion but  the  will  of  the  Creator),  the  lives  of 
every  animal  in  the  air,  the  waters,  and  the  earth, 
would,  in  a  few  moments,  be  completely  extin- 
guished. But  the  admirable  adjustment  of  every 
circumstance,  in  relation  to  this  useful  element, 
produces  all  the  beneficial  effects  which  we  now 
experience,  and  strikingly  demonstrates,  that  the 
Intelligent  Contriver  of  all  things  is  "wonderful 
in  counsel,  and  excellent  in  working." 

From  the  instances  now  stated,  we  may  plainly 
perceive,  that  if  the  Almighty  had  not  a  particu- 
lar regard  to  the  happiness  of  his  intelligent  off- 
spring, and  to  the  comfort  of  every  animated 
existence,  or,  if  he  wished  to  inflict  summary 
punishment  on  a  wicked  world,  be  could  easily 
off 'Ct,  by  a  very  slight  change  in  tlie  constitution 
of  the  atmosphere,  the  entire  destruction  of  the 
human  race,  and  the  entire  conflagration  of  the 
great  globe  they  inhabit, — throughout  all  its  ele- 
mentary regions.  He  has  only  to  extract  one  of 
its  constituent  parts, — the  nitrogen  from  the  oxy- 
gen gas, — and  the  grand  catastrophe  is  at  once 
accomplished.  With  what  a  striking  propriety 
and  emphasis,  then,  do  the  inspired  writers  de- 
clare, that  "in  Him  we  live,  and  move,  and  have 
our  being;"  and  that  "  in  His  hand  is  the  soul 


*  The  necessity  of  atmospherical  air  for  the  support  of  life 
was  strikingly  exemplilied  in  the  fate  of  the  unhappy  men 
who  (lieil  ill  the  Biiick-holc  of  Calcrtta.  On  the  iOth  of 
June,  17.V3,  about  eight  o'clock  in  the  evening,  14G  men  were 
forced,  at  the  point  of  the  bavonet,  into  a  tinnpeon  only  18 
feet  sqnare.  They  had  been  but  a  few  niinntes  confined  is 
tliis  infernal  prison,  before  every  one  fell  into  a  perspiration 
so  prol'use,  that  no  idea  can  be  formed  of  it.  This  brought 
on  a  raging  thirst,  the  most  difficult  respiration,  and  an  out- 
rageous delirium.  Such  was  the  horror  of  their  situation, 
that  every  insult  that  could  be  devised  against  the  guard 
without,  and  all  the  opprobrious  names  that  Inc.  Viceroy  and 
his  officers  could  be  loaded  with,  were  repeated,  to  provoke 
the  guard  to  fire  upon  them,  and  terminate  their  snfVerings. 
Before  eleven  o'clock  the  same  evening,  one-third  of  the 
men  were  dead:  and  before  six  next  morning,  only  23  came 
ont  alive,  but  most  of  them  in  a  high  putrid  fever.  All  these 
dreadful  eflecfs  were  occasioned  by  the  want  of  atmosphTio 
air,  anil  by  their  breathing  a  superabundant  quantity  of  tb* 
nitrogen  emitted  from  their  lungs. 
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of  every  living  thing,  and  the  breath  of  all  man- 
kind." 

A  great  variety  of  other  admirable  properties  is 
possessed  by  the  atmosphere,  of  which  I  shall 
briefly  notice  only  the  following: — It  is  the  vehi- 
cle of  sjiicUs,  by  which  we  become  acquainted 
with  the  qualities  of  the  food  which  is  set  before 
us,  and  learn  to  avoid  those  places  which  are 
damp,  unwholesome,  and  dangerous.  It  is  the 
medium  of  sounds,  by  means  of  which  knowledge 
is  conveyed  to  our  minds.  Its  undulations,  like 
so  many  couriers,  run  forever  backward  and  for- 
ward, to  convey  our  thoughts  to  others,  and  theirs 
to  us;  and  to  bring  news  of  transactions  which 
frequently  occur  at  a  considerable  distance.  A 
few  strokes  on  a  large  bell,  tlirough  the  ministra- 
tion of  the  air,  will  convey  signals  of  distress,  or 
of  joy,  in  a  quarter  of  a  minute,  to  the  popula- 
tion of  a  city  containing  a  hundred  thousand 
inhabitants.  So  that  the  air  may  be  considered  as 
the  conveyer  of  the  thoughts  of  mankind,  which 
are  the  cement  of  society.  It  transmits  to  our 
ears  all  the  harmonies  of  music,  and  expresses 
every  passion  of  the  soul;  it  swells  the  notes  of 
the  nightingale,  and  distributes  alike  to  every  ear' 
the  pleasures  which  arise  from  the  harmonious 
sounds  of  a  concert.  It  produces  the  blue  color 
of  the  sky,  and  is  the  cause  of  the  morning  and 
evening  twilight,  by  its  property  of  bending  the 
rays  of  light,  and  reflecting  them  in  all  direc- 
tions. It  forms  an  essential  requisite  for  carrying 
on  all  the  processes  of  the  vegetable  kingdom, 
and  serves  for  the  production  of  clouds,  rain,  and 
dew,  which  nourish  and  fertihze  the  earth.  In 
short,  it  would  be  impossible  to  enumerate  all  the 
advantages  we  derive  from  this  noble  appendage 
to  our  world.  Were  the  earth  divested  of  its 
atmosphere,  or  were  only  two  or  three  of  its  pro- 
perties changed  or  destroyed,  it  would  be  left 
altogether  unfit  for  the  habitation  of  sentient 
beings.  Were  it  divested  of  its  undulating  quali- 
ty, we  should  be  deprived  of  all  the  advantages 
of  speech  and  conversation — of  all  the  melody  of 
the  feathered  songsters,  and  of  all  the  pleasures  of 
music;  and,  like  the  deaf  and  dumb,  we  could 
have  no  power  of  communicating  our  thoughts 
but  by  visible  signs.  Were  it  deprived  of  its  re- 
flective powers,  the  sun  would  appear  in  one  part 
of  the  sky  in  dazzling  brightness,  while  all  around 
would  appear  as  dark  as  midnight,  and  the  stars 
would  be  visible  at  noon-day.  Were  it  deprived 
of  its  refractive  powers,  instead  of  the  gradual 
approach  of  the  day  and  the  night,  which  we  now 
experience — at  sunrise,  we  should  be  transported 
all  at  once  from  midnight  darkness  to  the  splendor 
of  noon-day:  and,  at  sunset,  should  make  as  sud- 
den a  transition  from  the  splendors  of  day  to  all 
the  horrors  of  midnight,  which  would  bewilder 
the  traveler  in  his  journey,  and  strike  the  creation 
with  amazement.  In  fine,  were  the  oxygen  of 
the  atmosphere  completely  extracted,  destruction 
would  seize  on  all  the  tribes  of  the  living  world 
throughout  every  region  of  earth,  air,  and  sea. 

Omitting,  at  present,  the  consideration  of  an 
indefinite  variety  of  other  particulars,  which  sug- 
gest themselves  on  this  subject,  I  shall  just  notice 
one  circumstance  more,  which  has  a  relation  both 
to  the  waters  and  to  the  atmosphere.  It  is  a  well 
known  law  of  nature,  that  all  bodies  are  expanded 
by  heat,  and  contracted  by  cold.  There  is  only 
one  exception  to  this  law  which  exists  in  the 
economy  of  our  globe,  and  that  is,  the  expansion 
of  wafer  in  the  act  of  freezing.  While  the  parts 
of  every  other  body  are  reduced  in  bulk,  and  their 
specific  gravity  increased  by  the  application  of 
cold;  water,  on    the   contrary,  when   congealed 


into  ice,  is  increased  in  bulk,  and  becomes  of  s 
less  specific  gravity  than  the  surrounding  water 
and,  therefore,  swims  upon  its  surface.  Now 
had  the  case  been  otherwise;  had  water,  when 
deprived  of'  a  portion  of  its  heat,  followed  the 
general  law  of  nature,  and,  like  all  other  bodies, 
become  specifically  heavier  than  it  was  before,  the 
present  constitution  of  nature  would  have  been  ma- 
terially deranged,  and  many  of  our  present  com- 
forts and  even  our  very  existence,  would  have 
been  endangered.  At  whatever  time  the  tempera- 
ture of  the  atmosphere  became  reduced  to  32°  of 
the  common  thermometer,  or  to  what  is  called 
the  freezing  point,  the  water  on  the  surface  of 
our  rivers  and  lakes  would  have  been  converted 
into  a  layer  of  ice;  this  layer  would  have  sunk  to 
the  bottom  as  it  froze;  another  layer  of  ice  would 
have  been  immediately  produced,  which  would 
also  have  sunk  to  the  former  layer,  and  so  on  in 
succession,  until  in  the  course  of  time  all  our 
rivers  from  the  surface  to  the  bottom,  and  every 
other  portion  of  water  capable  of  being  frozen, 
would  have  been  converted  into  solid  masses  of 
ice,  which  all  the  heat  of  summer  could  never 
have  melted.  We  should  have  been  deprived  of 
most  of  the  advantages  we  now  derive  from  the 
liquid  element,  and  in  a  short  time,  the  face  of 
nature  would  have  been  transformed  into  a  frozen 
chaos.  But  in  the  existing  constitution  of  things, 
all  such  dismal  effects  are  prevented,  in  conse- 
quence of  the  Creator  having  subjected  the  waters 
to  a  law  contrary  to  that  of  other  fluids,  by  means 
of  which  the  frozen  water  swims  upon  the  sur- 
face, and  preserves  the  cold  from  penetrating  to 
any  great  depth  in  the  subjacent  fluid;  and  when 
the  heat  of  the  atmosphere  is  increased,  it  is 
exposed  to  its  genial  influence,  and  is  quickly 
changed  into  its  former  liquid  state.  How  ad- 
mii'ably,  then,  does  this  exception  to  the  general 
law  of  nature  display  tlie  infinite  intelligence  of 
the  Great  Contriver  of  all  things,  and  his  provi- 
dential care  for  the  comfort  of  his  creatures,  when 
he  arranged  and  established  the  economy  of  nature. 

VARIETY    OF    NATURE. 

As  a  striking  evidence  of  Divine  Intelligence^ 
we  maj'  next  consider  the  immense  variety  uMck 
the  Creator  has  introduced  into  every  department  o 
the  material  world. 

In  every  region  on  the  surface  of  the  globe,  an 
endless  multii)licity  of  objects,  all  differing  from 
one  another  in  shape,  color,  and  motion,  present 
themselves  to  the  view  of  the  beholder:  Moun- 
tains covered  with  forests,  hills  clothed  with 
verdure,  spacious  plains  adorned  with  vineyards, 
orchards,  and  waving  grain;  naked  rocks,  abrupt 
precipices,  extended  vales,  deep  dells,  meandering 
rivers,  roaring  cataracts,  brooks  and  rills,  luke« 
and  gulfs,  bays  and  promontories,  seas  and  oceans, 
caverns  and  grottoes — meet  the  eye  of  the  student 
of  Nature,  in  every  country,  with  a  variety  wlijch 
is  at  once  beautiful  and  niajeslic.  Nothing  can 
exceed  the  variety  of  the  vegetable  kingdom,  which 
pervades  all  climates,  and  almost  every  portion  of 
the  dry  land,  and  of  the  bed  of  i\\f  ocean.  The 
immense  collections  of  Natural  History  which 
are  to  be  seen  in  the  Museum  at  Paris  show,  that 
botanists  are  already  acquainted  with  nearly  fifty- 
six  thousand  different  species  of  plants.*  And 
yet,  it  is  probable,  that  these  form  but  a  very 
small  portion  of  what  actually  exists,  and  tha» 
several  hundreds  of  thousands  of  species  remaiD 
to  be  explored  by  the  industry  of  future  ages:  foi 
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by  far  the  greater  part  of  the  vegetable  world  still 
remains  to  be  surveyed  by  the  scientific  botanist. 
Of  the  numerous  tribes  of  vegetable  nature  which 
flourish  in  the  interior  of  Africa  and  America, 
in  the  immense  islands  of  New  Holland,  New 
(juinei,  Borneo,  Sumatra,  Java,  Ceylon,  Mada- 
gascar, and  Japan:  in  the  vast  regions  of  Tartary, 
Thibet,  Siberia,  and  the  Birman  empire,  in  the 
Philippines,  the  Moluccas,  the  Ladrones,  tiie  Ca- 
rolinas,  the  Marquesas,  the  Society,  the  Geor- 
gian, and  in  thousands  of  other  islands  which  are 
scattereii  over  the  Indian  and  Pacific  oceans — 
little  or  nothing  is  known  by  the  Naturalists  of 
Europe;  and  yet  it  is  a  fact  which  admits  of  no 
dispute  that  every  country  hitherto  explored  pro- 
duces a  variety  of  species  of  plants  peculiar  to 
itself;  and  those  districts  in  Europe  which  have 
been  frequently  surveyed,  present  to  every  suc- 
ceeding explorer  a  new  field  of  investigation,  and 
reward  his  industry  with  new  discoveries  of  the 
beauties  and  varieties  of  the  vegetable  kingdom. 
It  has  been  conjectured  by  some  Naturalists,  on 
the  ground  of  a  multitude  of  observations,  that 
•'  there  is  not  a  square  league  of  earth,  but  what 
presents  some  one  plant  peculiar  to  itself,  or,  at 
least,  which  thrives  there  better,  or  appears  more 
beautiful,  than  in  any  other  part  of  the  world." 
This  would  make  the  number  of  species  of  vege- 
tables to  amount  to  as  many  millions  as  there  are 
of  square  leagues  on  tlie  surface  of  the  earth — 
that  is,  to  more  than  twenty-one  millions. 

Now  every  one  of  these  species  of  plants  differs 
from  another,  in  its  size,  structure,  form,  flowers, 
leaves,  fruits,  mode  of  propagation,  color,  medici- 
nal virtues,  nutritious  qualities,  internal  vessels, 
and  the  odors  it  exhales.  They  are  of  all  sizes, 
from  the  microscopic  mushroom,  invisible  to  the 
nalied  eye,  to  the  sturdy  oak  and  the  cedar  of  Le- 
banon, and  from  the  slender  willow  to  the  Banian 
tree,  under  whose  shade  7000  persons  may  find 
ample  room  to  repose.  A  thousand  different 
shades  of  color  distinguish  the  different  species. 
Every  one  wears  its  peculiar  livery,  and  is  dis- 
tinguished by  its  own  native  hues;  and  many  of 
their  inherent  beauties  can  be  distinguished  only 
by  the  help  of  the  microscope.  Some  grow  up- 
right, others  creep  along  in  a  serpentnie  form. 
Some  flourish  for  ages,  others  wither  and  decay 
in  a  few  months;  some  spring  up  in  moist,  others 
in  dry  soils;  sorut.  turn  toward  the  sun,  others 
shrink  and  contract  wiien  we  approach  to  touch 
tliem.  Not  only  are  the  different  species  of  plants 
and  flowers  distinguished  from  each  other  by  their 
different  forms,  but  even  the  different  individuals 
of  the  same  species.  In  a  bed  of  tulips  or  carna- 
tions, for  example,  there  is  scarcely  a  flower  in 
which  some  difference  may  not  be  observed  in  its 
structure,  size,  or  assemblage  of  colors;  nor  can 
any  two  flowers  be  found  in  which  the  shape  and 
shades  are  exactly  similar.  Of  all  the  hundred 
thouKaud  millions  of  plants,  trees,  herbs,  and 
flowers,  with  which  our  globe  is  variegated,  there 
aie  not,  perhaps,  two  individuals  precisely  alike, 
in  every  point  of  view  in  which  they  may  be 
contemplated;  yea,  there  is  not,  perhaps,  a  single 
leaf  in  the  forest,  when  minutely  examined,  that 
will  not  be  found  to  differ,  in  certain  aspects, 
from  its  fellows.  Such  is  the  wonderful  and 
infinite  diversity  with  which  the  Creator  has 
adorned  the  vegetable  kingdom. 

His  wisdom  is  also  evidently  displayed  in  this 
vast  profusion  of  vegetable  nature — in  adapting 
each  plant  to  the  soil  and  situation  in  which  it  is 
destined  to  flourish — in  furnishing  it  with  those 
vessels  by  which  it  absorbs  the  air  and  moisture 
on  which  it  feeds — and  in  adapting  it  to  the  na- 


ture and  necessities  of  animated  beings.  As  Iho 
earth  teems  with  animated  existence,  and  as  tl  6 
different  tribes  of  animals  depend  chiefly  on  the 
productions  of  the  vegetable  kingdom  for  their 
subsistence,  so  there  is  an  abundance  and  a  va- 
riety of  plants  adapted  to  the  peculiar  constitu- 
tion of  every  individual  species.  This  circutn- 
stanco  demonstrates,  that  there  is  a  precontrived 
relation  and  fitness  between  the  internal  constitu- 
tion of  the  animal,  and  the  nature  of  the  plants 
which  afford  it  nourishment;  and  shows  us  that 
the  animal  and  the  vegetable  kingdoms  are  the 
workmanship  of  one  and  the  same  Almighty  Be- 
ing, and  that,  in  his  arrangements  with  regard  to 
the  one,  he  had  in  view  the  necessities  of  the  other. 
When  we  direct  our  attention  to  the  tribes  of 
animated  nature,  we  behold  a  scene  no  less  varie- 
gated and  astonishing.  Above  fifty  thousand  spe- 
cies of  animals  have  been  detected  and  described 
by  Naturalists,  beside  several  thousands  of  sj)e- 
cies  which  the  naked  eye  cannot  discern,  and 
which  people  the  invisible  regions  of  the  waters 
and  the  air.  And  as  the  greater  part  of  the  globe 
has  never  yet  been  thoroughly  explored,  several 
hundreds,  if  not  thou:3;inds,  of  species  unknown 
to  the  scientific  world,  may  exist  in  the  depths  of 
the  ocean,  and  in  the  unexplored  regions  of  the 
land.  All  these  species  dilfor  from  one  another 
in  color,  size,  and  shape;  in  the  internal  structure 
of  their  bodies,  in  the  number  of  their  sensitive 
organs,  limbs,  feet,  joints,  claws,  wings,  and  fins; 
in  their  dispositions,  faculties,  movements,  and 
modes  of  subsistence.  I'hey  are  of  all  sizes,  from 
the  mite  and  the  gnat  up  to  the  elephant  and  the 
whale,  and  from  the  mite  downward  to  those  in- 
visible animalcules,  a  hundred  thousand  of  wlwch 
would  not  equal  a  grain  of  sand.  Some  fly 
through  the  atmosphere,  some  glide  through  the 
waters,  others  traverse  the  solid  land.  Some 
walk  on  two,  some  on  four,  some  on  twenty,  and 
some  on  a  hundred  feet.  Some  have  eyes  furnish- 
ed with  two,  some  with  eight,  some  with  a  hun- 
dred, and  some  with  eight  thousand  distinct  tran- 
sparent globes,  for  the  purposes  of  vision.* 

Our  astonisliment  at  the  variety  which  appears 
in  the  animal  kingdom  is  still  further  increased, 
when  we  consider  not  only  the  diversities  which 


•  The  eyes  of  beetles,  silk-worms,  flies,  and  several  other 
kinds  of  insects,  are  among  the  most  cnrious  and  wonderful 
productions  of  the  God  of  nature.  Un  tlie  head  of  a  fly  ara 
two  large  protuber;inces,  one  on  each  side;  these  conslituta 
its  organs  of  vision.  The  whole  surface  of  these  protube- 
rances is  covered  with  a  multitude  of  small  hemispheres, 
placed  with  the  utmost  regularity  in  rows,  crossing  each 
other  in  a  kind  of  lattice- work.  These  little  hemispheres 
have  each  of  them  a  minute  transparent  convex  lens  in  the 
middle,  each  of  which  has  a  distinct  branch  of  the  optic 
nerve  ministering  to  it;  so  that  the  different  lenses  may  be 
considered  as  so  manv  distinct  eyes.  Mr.  Leeuwenhoek 
counted  02:fG  in  the  two  eyes  of  a  silk- worm,  when  in  its 
JId  state;  3160  in  each  eye  of  a  beetle;  and  SOOO  in  the  two 
eyes  of  the  common  fly.  Mr.  Hooke  reckoned  14,000  in  the 
eyes  of  a  drone  fly:  and,  in  one  of  the  eyes  of  a  dragon  fly, 
there  have  been  reckoned  13,500  of  tliese  lenses,  and  conse 
quently,  in  both  eyes  27,000,  every  one  of  which  is  capable 
of  forming  a  distinct  image  of  any  object,  in  the  same  man 
ner  as  a  common  convex  glass;  so  that  there  are  twenty 
seven  thousaml  images  formed  on  the  retina  of  this  littll 
animal.  Mr.  Leeuwenhoek  having  jirepared  the  eye  of  I 
fly  for  that  pur)io»e,  placed  it  a  little  farther  from  his  micro 
scope  than  wh  n  he  would  examine  an  object,  so  as  to  leavi 
a  proper  focal  distance  between  it  and  tlie  tens  of  his  mi 
croseope;  and  then  looked  through  both,  in  the  manner  of  a 
telescope,  at  the  steeple  of  a  church,  which  was  299  feel 
high,  and  750  feet  distant,  and  could  plainly  see,  through 
every  little  lens,  the  whole  steeple  inverted,  though  not  largei 
than  the  point  of  a  tine  needle;  and  the.T  directing  it  to  a 
neighboring  ho  ise,  saw  through  many  of  these  little  hemi- 
spheres, not  only  the  front  of  the  house,  but  also  the  doori 
and  windows,  and  could  discern  distinctly  whether  the  win- 
dows were  open  or  shut — such  an  exquisite  piece  of  Divino 
mechanism  trauscenJs  all  human  comprehension. 
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are  apparent  in  their  external  aspect,  but  also  in 
their  internal  structure  and  organization.  When 
we  reflect  on  the  thousands  of  movements,  ad- 
justments, adaptations,  and  compensations,  which 
are  requisite  iu  order  to  tlie  construction  of  an 
animal  system,  for  enabling  it  to  perform  its  in- 
tended functions; — when  we  consider,  that  every 
species  of  animals  has  a  system  of  organization 
pecuUar  to  itself,  consisting  of  bones,  joints,  blood- 
vessels, and  muscular  motions,  differing  in  a  va- 
riety of  respects  from  those  of  any  other  spe- 
cies, and  exactly  adapted  to  its  various  necessities 
and  modes  of  existence; — and  when  we  consider 
still  further,  the  incomprehensibly  delicate  con- 
trivances, and  exquisite  borings,  polishings,  clasp- 
ings,  and  adaptations,  which  enter  into  the  or- 
ganization of  an  animated  being  ten  thousand 
times  less  than  a  mite;  and  that  the  diiferent  spe- 
cies of  these  animals  are  likewise  all  differently 
organized  from  one  anotlier, — we  cannot  but  be 
struck  with  reverence  and  astonishment  at  the 
Intelligence  of  that  Incomprehensible  Being  who 
arranged  the  organs  of  all  the  tribes  of  animated 
nature,  "  who  breathed  into  them  the  breath  of 
life,"  and  who  continually  upholds  thein  in  all 
their  movements! 

Could  we  descend  into  the  subterraneous  apart- 
ments of  the  globe,  and  penetrate  into  those  un- 
known recesses  which  lie  toward  its  center,  we 
siiould  doubtless  behold  a  variegated  scene  of 
wonders,  even  in  those  dark  and  impenetrable  re- 
gions. But  all  the  labor  and  industry  of  man 
have  not  hitherto  enabled  liim  to  penetrate  far- 
ther into  the  bowels  of  the  earth  than  the  six- 
thousandth  part  of  its  diameter,  or,  about  a  mile 
and  a  quarter;  so  that  we  must  remain  forever^ 
ignorant  of  the  immense  caverns  and  masses  of 
matter  that  may  exist,  and  of  the  processes  tliat 
may  be  going  on,  about  its  central  regions.  In 
those  regions,  however,  near  the  surface,  wliich 
lie  within  the  sphere  of  human  inspection,  we 
perceive  a  variety  analogous  to  that  which  is  dis- 
played in  tiie  other  departments  of  nature.  Here 
we  find  substances  of  various  kinds  formed  into 
strata,  or  layers  of  different  depths — earths,  sand, 
gravel,  marl,  clay,  sandstone,  freestone,  marble, 
limestone,  coals,  peat,  and  similar  materials.  In 
these  stratra  are  found  metals  and  minerals  of 
various  descriptions — salt,  nitrate  of  potash,  am- 
monia, sulphur,  bitumen,  platina,  gold,  silver, 
mercury,  iron,  lead,  tin,  copper,  zinc,  nickel, 
manganese,  cobalt,  antimony,  the  diamond,  ru- 
bies, sapphires,  jaspers,  emeralds,  and  a  countless 
variety  of  other  substances,  of  incalculable  benefit 
to  mankind.  Some  of  these  substances  are  so 
essentially  requisite  for  the  comfort  of  man,  thai 
without  them  he  would  soon  degenerate  into  the 
savage  state,  and  be  deprived  of  all  those  arts 
which  extend  his  knowledge,  and  which  cheer 
and  embellish  the  abodes  of  civilized  life. 

If  we  turn  our  eyes  upward  to  the  regions  of 
the  atmosphere,  we  may  also  behold  a  spectacle 
of  variegated  magnificence.  Sometimes  the  sky 
is  covered  with  sable  clouds,  or  obscured  with 
mists;  at  other  times  it  is  tinged  with  a  variety  of 
hues,  by  the  rays  of  the  rising  or  the  setting  sun. 
Sometimes  it  presents  a  pure  azure,  at  other  times 
it  is  diversified  with  strata  of  dappled  clouds.  At 
one  time  we  behold  the  rainbow  rearing  its  ma- 
jestic arch,  adorned  with  all  the  colors  of  light; 
at  another,  the  Aurora  Borealis  illuminating  the 
sky  with  its  fantastic  coruscations.  At  one  time 
we  behold  the  fiery  meteor  sweeping  through  the 
nir,  diffusing  a  sparkling  and  brilliant  light;  at 
another,  we  perceive  the  forked  lightning  darting 
from  the  clouds,  and   hear  the  thunders  rolling 


through  the  sky.  Sometimes  the  vault  of  heaven 
appears  like  a  boundless  desert,  particularly  about 
the  time  of  the  rising  and  setting  of  the  sun  in  a 
clear  sky;  and  at  other  times  adorned  with  an  in- 
numerable host  of  stars,  the  blazing  comet,  tlie 
planets  in  their  courses,  and  with  the  moon 
"  walking  in  brightness."  In  short,  whether  we 
direct  our  view  to  the  vegetable  or  the  animal 
tribes — to  the  atmosphere,  the  ocean,  the  moun- 
tains, the  plains,  or  the  subterranean  recesses  of 
the  globe,  we  behold  a  scene  of  beauty,  order,  and 
variety,  which  astouisiies  and  enraptures  the  con- 
templative mind,  and  constmins  us  to  join  in  tha 
devout  exclamations  of  the  Psalmist,  "How  mani- 
fold are  thy  works,  O  Lordl  In  wisdom  hast  thou 
made  lliem  all:  the  earth  is  full  of  tliy  riches;  so 
is  the  great  and  wide  sea,  wherein  are  things  creep- 
ing innumerable,  both  small  and  great  beasts." 

This  countless  variety  of  objects  which  appeara 
throughout  every  department  of  our  sublunary 
system,  not  only  displays  the  depths  of  Divine 
Wisdom,  but  also  presents  us  with  a  faint  idea  of 
the  infnitij  of  the  Creator,  and  of  the  immense 
multiplicity  of  ideas  and  conceptions  which  must 
have  existed  in  the  Eternal  I\lind,  when  the  fabri« 
of  our  globe,  and  its  numerous  tribes  of  inhabit- 
ants, were  arranged  and  brought  into  existence. 
And  if  every  other  world  which  floats  in  the  im- 
mensity of  space,  be  diversified  with  a  similar 
variety  of  existences,  altogeth.er  different  from 
ours  (as  we  have  reason  to  believe,  from  the  va- 
riety we  already  perceive,  and  from  the  boundless 
plans  and  conceptions  of  the  Creator),  the  human 
mind  is  lost  and  confounded,  when  it  attempts  ta 
form  an  idea  of  those  endlessly  diversified  plans, 
conceptions,  and  views,  which  must  have  existed 
during  an  eternity  past  in  the  Divine  Mind.  When 
we  would  attempt  to  enter  into  the  conception  of 
so  vast  and  varied  operations,  we  feel  our  own  lit- 
tleness, and  the  narrow  limits  of  our  feeble  pow- 
ers, and  can  only  exclaim,  with  the  apostle  Paul, 
"O  the  depth  of  the  riclies  both  of  the  wisdom 
and  knowledge  of  God!  how  unsearchable  are  his 
counsels,  and  his  ways  (of  creation  and  provi- 
dence) past  finding  out!" 

This  characteristic  of  variety,  which  is  stamped 
on  all  the  works  of  Omnipotence,  is  doubtless  in- 
tended to  gratify  the  principle  of  curiosity,  and 
the  love  of  novelty,  which  are  implanted  in  the 
human  breast;  and  thus  to  excite  rational  beings 
to  the  study  and  investigation  of  the  works  of  the 
Creator;  that  therein  they  may  behold  the  glory 
of  the  Divine  character,  and  be  stimulated  to  the 
exercise  of  love,  admiration,  and  reverence.  For, 
as  the  records  of  Revelation  .md  the  dispensations 
of  Providence,  display  to  us  the  various  aspects  of 
the  moral  character  of  Deity,  so  the  diversified 
phenomena,  and  the  multiplicity  of  objects  and 
operations  which  the  scenery  of  nature  exhibits, 
present  to  us  a  specimen  of  the  ideas,  as  it  were, 
of  the  Eternal  Mind,  in  so  far  as  they  can  b« 
adumbrated  by  material  objects,  and  exhibited  to 
mortals,  through  the  medium  of  corporeal  organs. 

To  convey  an  adequate  conception  of  the  7iwrn- 
ber  of  these  ideas,  as  exhibited  on  the  globe  on 
which  we  live,  would  baffle  the  arithmetician's 
skill,  and  set  his  numbers  at  defiance.  We  may, 
however,  assist  our  conceptions  a  little  by  con- 
fining our  attention  to  one  department  of  nature; 
for  example,  the  Animal  Kingdom.  The  number 
of  the  different  species  of  animals,  taking  into 
account  those  which  are  hitherto  undiscovered, 
and  those  which  are  invisible  to  the  naked  eye, 
cannot  be  estimated  at  less  than  300,000.  In  a 
human  body  there  are  reckoned  about  446  muscles, 
in  each  of  which,  according  to  anatomists,  there 
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are  at  least  ton  several  intentions  or  due  qualifica- 
tions to  be  observed — its  proper  figure,  its  just 
magnitude,  the  right  disposition  of  its  several 
ends,  upper  and  lo\v3r,  the  position  of  the  whole, 
the  insertion  of  its  proper  nerves,  veins,  arteries, 
etc.,  so  that,  in  the  muscular  system  alone,  there 
are  4460  several  ends  or  aims  to  be  attended  to. — 
The  bones  are  reckoned  to  be  in  number  about 
245,  and  (he  distinct  scopes  or  intentions  of  each 
of  these  are  above  40;  in  all,  about  9S00:  so  thai 
the  system  of  bones  and  muscles  alone,  williout 
taking  any  other  parts  into  consid.'ralion,  amounts 
to  above  14,000  ditTerent  intentions  or  adaptations. 
If  now  we  suppose,  that  all  tiie  species  of  animals 
above  stated  are  differently  constructed,  and,  taken 
one  with  another,  contain,  at  an  average,  a  system 
of  bones  and  muscles  as  numerous  as  in  the  hu- 
man body — the  number  of  species  must  be  mul- 
tiplied by  the  number  of  different  aims  and 
adaptations,  and  the  product  will  amount  to 
4,200,000,000.  If  we  were  next  to  attend  to  the 
many  thousands  of  blood  vessels  in  an  animal 
body,  and  the  numerous  ligaments,  membranes, 
humors,  and  fluids  of  various  descriptions,  the 
skin  with  its  millions  of  pores,  and  evei-y  other 
part  of  an  organical  system,  with  the  aims  and 
intentions  of  each,  we  should  have  another  sura 
of  many  hundreds  of  millions  to  be  multiplied  by 
the  former  product,  in  order  to  express  the  diver- 
sified ideas  which  enter  into  the  construction  of 
the  animal  world.  And  if  we  still  further  consider 
that,  of  the  hundreds  of  millions  of  individuals 
belonging  to  each  species,  no  two  individuals  ex- 
actly resemble  each  other — that  all  the  myriads  of 
vegetables  with  wliich  the  earth  is  covered  are 
distinguished  from  each  other  by  some  one  cha- 
racteristic or  another,  and  that  every  grain  of 
sand  contained  in  the  mountains,  and  in  the  bed 
of  the  ocean,  as  shown  by  the  microscope,  dis- 
covers a  different  form  and  configuration  from  an- 
other— we  are  here  presented  with  an  image  of 
the  infinity  of  the  conceptions  of  Him  in  whose 
incomprehensible  mind  they  all  existed,  during 
countless  ages,  before  the  universe  was  formed. 

To  overlook  this  amazing  scene  of  Divine  in- 
telligence, or  to  consider  it  as  beneath  our  notice, 
as  some  have  done — if  it  be  not  tlie  charact?ristic 
of  impiety,  is,  at  least,  the  mark  of  a  weak  and 
undiscriminating  mind.  That  man  who  disregards 
the  visible  displays  of  Infinite  Wisdom,  or  who 
neglects  to  investigate  them  when  opportunity 
offers,  acts  as  if  he  considered  himself  already- 
possessed  of  a  sufHcient  portion  of  intelligence, 
and  stood  in  no  need  of  such  sensible  assistance 
to  direct  his  conceptions  of  the  Creator.  Pride, 
and  false  conceptions  of  the  nature  and  design  of 
true  religion,  frequently  lie  at  the  foundation  of 
all  that  indifference  and  neglect  with  which  the 
visible  works  of  God  are  treated  by  those  who 
make  pretensions  to  a  high  degree  of  spiritual 
attainments.  The  truly  pious  man  will  trace, 
with  wonder  and  delight,  the  footsteps  of  his  Fa- 
ther and  his  God,  wherever  they  appear  in  the 
variegated  scene  of  creation  around  him,  and  will 
be  filled  with  sorrow  and  contrition  of  heart,  that, 
amidst  his  excursions  and  solitary  walks,  he  has 
so  often  disregarded  "  the  works  of  the  Lord,  and 
the  operation  of  his  hands." 

In  fine,  the  variety  which  appears  on  the  face  I 
of  nature  not  only  enlarges  our  conceptions  of  I 
Infinite  Wisdom,  but  is  also  the  foundation  of  all 
our  discriminations  and  judgments  as  rational 
beings,  and  is  of  the  most  essential  utility  in  the 
affairs  of  human  society.  Such  is  the  variety  of 
which  the  features  of  the  human  countenance  are 
susceptible,  that  it  is  probable,  that  no  two  indi- 


viduals, of  all  the  millions  of  the  race  of  Adam 
that  have  existed  since  the  beginning  of  time, 
would  be  found  to  resemble  each  other.  We 
know  no  two  human  beings  presently  existing, 
liowever  similar  to  each  other,  but  may  be  distin- 
guished either  by  their  stature,  their  forms,  or  the 
features  of  their  faces;  and  on  tlie  ground  of  this 
dissimilarity,  the  various  wheels  of  the  machine 
of  society  move  onward,  without  chushing  or  con- 
fusion. Had  it  been  otherwise — had  the  faces  of 
men,  and  their  organs  of  speech,  been  cast  exactly 
in  the  same  mold,  as  would  have  been  the  case 
had  the  world  been  framed  according  to  the  Epi- 
curean system,  by  blind  chance  directing  a  con- 
course of  atoms,  it  might  have  been  as  difiicult  to 
distinguish  one  human  countenance  from  another, 
as  to  aistinguish  the  eggs  laid  by  the  same  hen,  or 
the  drops  of  water  which  trickle  from  the  same  ori- 
fice; and  consequently,  society  would  have  been 
thrown  into  a  state  of  universal  anarchj'  and  con- 
fusion. Friends  would  not  have  been  distinguished 
from  enemies,  villains  from  the  good  and  honest, 
fathers  from  sons,  the  culprit  from  the  innocent 
person,  nor  the  branches  of  the  same  family  from 
one  another.  And  what  a  scene  of  perpetual  con- 
fusion and  disturbance  would  thus  have  been  cre- 
ated. Frauds,  thefts,  robberies,  murders,  assassi- 
nations, forgeries,  and  injustice  of  all  kinds,  might 
have  been  daily  oommitted  without  the  least  pos- 
sibility of  detection.  Nay,  were  even  the  variety 
of  tones  in  the  human  voice,  peculiar  to  each  per- 
son, to  cease,  and  the  handw-riting  of  all  men  to 
become  perfectly  uniform,  a  multitude  of  distress- 
ing deceptions  and  perplexities  would  be  proauced 
in  the  domestic,  civil,  and  commercial  transactions 
of  mankind.  But  the  All-wise  and  Beneficent 
Creator  has  prevented  all  such  evils  and  inconve- 
niences by  the  character  of  variety  which  he  has 
impressed  on  the  human  species,  and  on  all  his 
works.  By  the  peculiar  features  of  iiis  counte- 
nance, every  man  may  be  distinguished  in  the 
light;  by  the  tones  of  his  voice  he  may  be  recog- 
nized in  the  dark,  or  when  he  is  separated  from 
his  fellows  by  an  impenetrable  partition;  and  his 
handwriting  can  attest  his  existence  and  individ- 
uality, when  continents  and  oceans  interpose  be- 
tween him  and  his  relations,  and  be  a  witness  of 
his  sentiments  and  purposes  to  future  generations. 


Thus  I  have  taken  a  very  cursory  view  of  some 
evidences  of  Divine  Wisdoui,  which  appear  in  the 
general  constitution  of  the  earth,  the  waters,  and 
i\w  atmosphere,  \xi\A  in  the  characteristic  oi  variety, 
which  is  impressed  on  al'  the  objects  of  the  visible 
creation.  When  these,  and  other  admirable  ar- 
rangements in  our  sublunary  system,  are  seriously 
contemplated,  every  rationai  and  j)ious  mind  will 
be  disposed  to  exclaim  with  the  Psalmist — "  There 
is  none  like  unto  thee,  0  Lord,  neither  are  there 
any  works  like  unto  thy  works." — "Thou  art 
great,  and  dost  wondrous  things:  thou  art  God 
alone." — "O  that  men  would  praise  the  Lord  for 
his  goodness,  and  for  his  wonderful  works  toward 
the  children  of  men!" 

When  we  consider  not  only  the  vtilitij,  but  the 
beauty  and  grandeur  of  the  wise  arrangements  of 
nature,  what  reason  have  we  to  admire  and  adore 
the  goodness  of  the  great  Author  of  our  existence.' 
Were  all  the  diversities  of  shape  and  color,  of 
mountains  and  vales,  o4'  rivers  and  lakes,  of  light 
and  shade,  which  now  embellish  the  various  land- 
scapes of  the  world,  to  disappear,  and  were  one 
unvaried  scene  perpetually  to  present  itself  to  flia 
eye,  how  dull,  and  wearisome,  and  uuinterosliug 
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would  the  aspect  of  the  universe  appear  to  an  in- 
telligent mind!  Although  the  variegated  beauties 
which  adorn  the  surface  of  our  globe,  and  the 
vault  of  heaven,  are  not  essential  to  our  existence 
as  sensitive  beings,  yet  were  they  completely 
withdrawn,  and  nothing  presented  to  the  eye  but 
a  boundless  expanse  of  barren  sands,  the  mind 
would  recoil  upon  itself,  its  activity  would  be  de- 
stroyed, its  powers  would  be  contlned,  us  it  were, 
to  a  prison,  and  it  would  roam  in  v^in  amidst  the 
surrounding  waste  in  search  of  enjoyment.  Even 
the  luxuries  of  a  palace,  were  it  possible  to  pro- 
cure them  amidst  such  a  scene  of  desolation, 
would  become  stale  and  insipid,  and  would  leave 
the  rational  soul  almost  destitute  of  ideas  and  of 
mental  energy,  to  the  tiresome  round  of  a  cheer- 
less existence.  But,  in  the  actual  state  of  the 
world  we  live  in,  there  is  no  landscape  in  nature, 
^»from  the  icebergs  of  Greenland  to  the  verdant 
scenes  of  the  Torrid  Zone,  in  which  objects,  either 
of  sublimity  or  of  beauty,  in  boundless  variety, 
are  not  presented  to  the  view,  in  order  to  stimulate 
the  mind  to  activity,  to  gratify  its  desire  of  nov- 
elty, and  to  elevate  its  conceptions  of  the  Benefi- 
cent Creator. 

And  if  the  present  constitution  of  our  world 
displays  so  evident  marks  of  beauty  and  benevo- 
lent design,  now  that  it  is  inhabited  by  an  assem- 
blage of  depraved  intelligences,  and  its  physical 
aspect  deformed,  in  consequence  of  "  the  wicked- 
ness of  man,"  what  transporting  beauties  and 
sublimities  mnst  it  have  presented,  when  it  ap- 
peared fresh  from  the  hand  of  its  Almighty  Ma- 
ker, and  when  all  tilings  were  pronounced  by  him 
to  be  very  good!  After  a  deluge  of  waters  has 
swept  away  many  of  its  primeval  beauties,  and 
has  broken  and  deranged  even  its  subterraneous 
strata,  tiiis  terrestrial  world  still  presents  to  the 
eye  a  striking  scene  of  beauty,  order,  and  benefi- 
cence. But  we  have  the  strongest  reason  to  be- 
lieve, that,  before  sin  had  disfigured  the  aspect  of 
this  lower  world,  all  was  "beauty  to  the  eye,  and 
music  to  the  ear" — that  "immortality  breathed 
in  the  winds,  flowed  in  the  rivers,"  and  exhaled 
from  every  plant  and  flower.  No  storms  disturbed 
the  tranqnilHty  of  nature,  nor  created  the  least 
alarm  in  the  breasts  of  its  holy  inhabitants.  No 
earthquakes  shook  the  ground,  nor  rent  the  foun- 
dations of  nature.  No  volcanoes  vomited  their 
rivers  of  lava,  nor  overwhelmed  the  plains  with 
deluges  of  fire.  No  barren  deserts  of  heath  and 
sand  disfigured  the  rich  landscape  of  the  world — 
no  tempests  nor  hurricanes  tossed  the  ocean,  nor 
scorching  heats  nor  piercing  colds,  nor  pestilence 
nor  disease,  annoyed  the  human  frame.  In  the 
paradisaical  state  of  the  world,  we  may  reason- 
ably suppose,  that  all  the  elements  of  nature  con- 
tributed directly  to  the  pleasure  and  enjoyment 
of  man,  and  of  the  other  tribes  of  animated  na- 
ture; and  that  they  were  not  subjected  as  they 
now  are,  to  the  operation  of  those  natural  agents 
which  so  frequently  spread  destruction  and  ruin 
among  the  abodes  of  men.  To  suppose  the  con- 
trary to  have  ha[)pened  would  be  inconsistent  with 
the  state  of  pure  and  happy  intelligences,  and  with 
the  benignity  of  the  Creator;  and  would  imply, 
that  God  was  either  unwilling  or  unable  to  re- 
move such  physical  evils.  But  we  cannot  sup- 
pose it  beyond  the  limits  of  Infinite  Wisdom  and 
Omnipotence,  to  create  and  arrange  a  world  en- 
tirely free  from  those  evils  and  inconveniences 
which  now  flow  from  the  operation  of  certain 
physical  agents,  without,  at  the  same  time,  sup- 
posing that  his  power  and  intelligence  are  con- 
fined within  certain  bounds,  beyond  which  they 
cannot  pass.     And,  therefore,  if,  in   the  existing 


constitution  of  things,  the  harmony  of  nature  is 
occasionally  disturbed,  and  its  beauty  defaced,  by 
earthquakes,  storms,  and  tempests — we  must  re- 
member, that  the  inhabitants  of  tlie  earth  are  now 
a  depraved  race  of  mortals,  no  longer  adorned 
with  primeval  purity  and  innocence;  and  that  the 
physical  economy  of  our  globe  has  undergone  a 
certain  derangement,  corresponding  to  the  moral 
state  of  its  present  occupants. — But  since  .this 
earth,  even  in  its  present  state  of  degradation  and 
derangement,  presents  to  the  view  of  every  be- 
holder so  many  objects  of  beauty  and  magnifi- 
cence, and  so  numerous  traces  of  Divine  Benefi- 
cence— we  may  reasonably  conclude,  that  scenes 
of  Divine  Wisdom  and  Goodness,  far  more  glori- 
ous and  transporting,  must  be  displayed  in  those 
worlds  where  moral  evil  has  never  shed  its  malign 
influence,  and  where  the  inhabitants — superior  to 
disease  and  death — bask  forever  in  the  regions  of 
immortality.  And  therefore,  however  admirable 
the  displays  of  Divine  Wisdom  may  appear  in  the 
sublunary  scene  around  us,  they  must  be  consid- 
ered as  inferior  to  those  which  are  exhibited  in 
many  other  provinces  of  Jehovah's  empire,  in  so 
far  as  they  are  blended  with  those  physical  de- 
rangements which  indicate  his  displeasure  against 
the  sins  of  men. 


Were  we  now  to  direct  our  attention  to  the 
mechanism  of  animated  heings;  and  to  consider 
the  numberless  contrivances  and  adaptations  in 
their  organical  structure  and  functions,  a  thousand 
instances  of  exquisite  wisdom  and  design,  still 
more  striking  and  admirable,  would  crowd  upon 
our  view.  For,  although  the  general  fabric  of  the 
world,  and  the  immense  variety  of  objects  it  con- 
tains, are  evident  proofs  of  a  Wise  and  Intelligent 
Contriver,  yet  it  is  chiefly  in  the  miifute  and  deli- 
cate contrivances  of  organical  structures,  their 
adaptation  to  the  purposes  of  life,  motion,  and 
enjoyment,  and  their  relation  and  correspondence 
to  the  surrounding  elements,  that  the  consummate 
skill  of  the  Great  Architect  of  nature  is  most 
strikingly  perceived.  But  as  it  forms  no  part  of 
my  present  plan  to  enter  on  so  extensive  a  field 
of  illustration,  on  which  volumes  might  be  writ- 
ten, I  shall  content  myself  with  merely  stating 
an  example  or  two.  My  first  example  shall  be 
taken  from 

THE    STRUCTURE    OF   THE    HUMAN    EYE. 

The  eye  is  one  of  the  nicest  pieces  of  mechan- 
ism which  the  human  understanding  can  contem- 
plate; but  as  it  requires  a  knowledge  of  its  ana- 
tomical structure,  and  of  the  principles  of  optics, 
to  enable  us  to  appreciate  its  admirable  functions, 
I  shall  confine  mj'self  to  a  few  general  descrip- 
tions and  remarks. 

The  eye  is  nearly  of  a  globular  form.  It  con- 
sists chiefly  of  three  coats  and  three  humors.  The 
first  or  outer  coat  is  termed  sclerotica;  it  is  every- 
where white  and  opaque,  and  is  joined,  at  its  ante- 
rior edge,  to  another  which  has  more  convexity 
than  any  other  part  of  the  globe  of  the  eye,  and, 
being  exceedingly  transparent,  is  called  the  cornea. 
These  two  parts  are  perfectly  different  in  their 
structure,  and  are  supposed,  by  some  anatomists, 
to  be  as  distinct  from  each  other  as  the  glass  of  a 
watch  is  from  the  case  into  which  it  is  affixed. — 
Next  within  this  coat  is  that  called  the  choruides, 
on  account  of  its  being  furnished  with  a  great 
number  of  vessels.  It  serves,  as  it  were,  for  a 
lining  to  the  other,  and  is  joined  with  that  part 
of  the  eye  termed  the  iris.     The  iris  is  an  opaque 
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membrane  like  the  choroides,  but  of  different 
colors  in  ditFereiil  eyes,  as  gray,  black,  or  hazL-l. 
It  is  composed  of  two  sets  of  muscular  fibers,  tlie 
one  of  a  circular  form,  which  contracts  the  hole 
in  the  niiJdle,  called  the  pupU,  when  the  liglit  is 
too  strong  for  the  eye;  and  the  other  of  radial 
fibers,  tending  everywhere  from  the  circumfe- 
rence of  the  iris  toward  the  middle  of  the  pupil; 
which  libers,  by  their  contractions,  dilate  and 
enlarge  the  pupil,  when  the  liglit  is  weak,  in  order 
to  letln  more  of  its  rays. — The  third  coat  is  called 
the  retina,  upon  which  are  painted  the  images  of 
all  visible  objects,  by  the  raj's  of  light  which  flow 
from  them.  It  spreads  like  network  all  over  the 
insiJe  of  the  choroides,  and  is  nothing  more  than 
a  fine  expansion  of  the  optic  nerve;  by  which 
nerve  the  impressions  of  visible  objects  are  con- 
veyed to  the  brain. 

The  insiJe  of  the  globe  of  the  eye,  within  these 
tunics  or  coats,  is  filled  with  three  humors  called 
the  aqueous,  the  crystalline,  and  the  vitreous. 
The  aqueous  humor  lies  at  the  forepart  of  the 
eye,  and  occupies  all  the  space  between  the  crys- 
talline and  the  prominent  cornea.  It  has  the 
same  specific  gravity  and  refractive  power  as 
water,  and  seems  chiefly  of  use  to  prevent  the 
crystalline  from  being  easily  bruised  by  rubbing, 
or  by  a  blow  —  and  perhaps  it  ser\'es  for  the 
crystalline  humor  to  move  forward  in  while  we 
view  near  objects  ;  and  backward,  for  remoter 
objects;  without  which,  or  some  other  mechanism 
effecting  the  same  purpose,  we  could  not,  accord- 
ing to  the  law  of  optics,  perceive  objects  dis- 
tinctly when  placed  at  different  distances. — Be- 
hind the  aqueous  lies  the  crystalline  humor,  which 
is  shaped  like  a  double  convex  glass,  and  is  a  little 
more  convex  on  the  back  than  on  the  forepart. 
This  humor  is  transparent  like  crystal,  is  nearly 
of  the  consistence  of  hard  jelly,  and  converges 
the  rays  which  pass  through  it  from  visible 
objects,  to  its  focus  at  the  bottom  or  back  pai-t  of 
the  eye. — The  intreous  humor  lies  behind  the 
crystalline,  and  fills  up  the  greater  part  of  the  orb 
of  the  eye;  giving  it  a.  globular  shape.  It  is  nearly 
of  the  consistence  of  the  white  of  an  egg,  and 
very  transparent;  its  forepart  is  concave,  for  the 
crystalline  humor  to  lodge  in,  and  its  back  part 
being  convex,  the  retina  is  spread  over  it.  It 
serves  as  a  medium  to  keep  the  crystalline  humor 
and  the  retina  at  a  due  distance.  From  whut  has 
been  now  stated,  it  is  obvious,  that  the  images  of 
external  objects  are  dejiicted  on  the  retina,  in  an 
inverted  position,  in  the  same  manner  as  the 
images  formed  by  a  common  convex  lens;  but 
how  the  mind,  in  this  case,  perceives  objects  erect, 
is  a  question,  about  which  the  learned  have  been 
dividetl  in  their  opinions.* 

The  ball  of  the  eye,  as  now  described,  is  situ- 
ated in  a  bony  cavity,  called  its  orbit,  composed 
by  the  junction  of  seven  diflerent  bones,  hollowed 
out  at  their  edges.  This  cavity  is,  in  all  the  va- 
cant spaces,  filled  with  a  loose  fat,  which  serves 
as  a  proper  medium  for  the  eye  to  rest  in,  and  as 
a  socket  in  which  it  may  move.  It  is  sheltered 
by  the  eyebrows,  which  are  provided  with  hair, 
to  prevent  the  descending  sweat  of  the  forehead 
from  running  down  into  it.  As  a  still  further 
protection  to  this  delicate  organ,  it  is  furnished 
with  the  eyelid,  which,  like  a  curtain,  is  drawn 
over  it  with  inconceivable  swiftness,  for  its  secu- 
rity on  the  approach  of  danger.     It  also  servos  to 


*  An  idea  of  the  relative  positions  of  the  coats  and  humors 
described  above,  may  be  obtained  by  a  simple  inspection  of 
the  Frontispiece,  Fig.  6.— Fip.  .5  represents  a  front  view  of 
the  human  eye,  as  it  appears  in  its  natural  state,  and  exhi- 
biU  the  lelative  positions  of  the  Cornea,  Iris,  and  Pupil. 


wipe  from  it  superfluous  moisture,  and  to  cover  it 
during  sleep.  In  the  uuper  part  of  its  orbit  it  is 
furnislied  with  a  gland,  to  supply  it  witii  water 
sufilcient  to  wash  olf  dust,  and  to  keep  its  outer 
surfice  moist,  without  which  the  cornea  would 
be  less  transparent,  and  the  rays  of  light  would 
be  di-turbcd  in  their  passage;  and  the  superfluous 
water  is  co/veyed  to  the  nose  through  a  p;;rfora- 
tion  in  the  bone. 

For  the  purpose  of  enabling  the  eye  to  move  ia 
its  socket,  six  muscles  are  provided.  Tnesi  are 
aJmirubiy  contrived  to  move  it  in  every  uirection, 
upward  or  downward,  to  the  right  or  to  the  left, 
or  in  whatever  direction  the  occasion  may  r  quiie; 
and  thus  we  are  spared  the  trouble  of  turning  out 
heads  continually  toward  the  objects  we  widi  to 
inspect.  If  we  want  to  look  upward,  one  of  these 
muscles  lifts  up  the  orb  of  the  eye;  if  we  would 
cast  our  eyes  to  the  ground,  another  muscle  j)ullsi^ 
them  down.  A  third  muscle  moves  the  globa 
outward  toward  the  temples,  and  a  fourth  <lraw» 
it  toward  the  nose.  A  fifth,  which  slides  within 
a  cartilaginous  ring,  like  a  cord  over  a  pulley,  and 
is  fastened  to  the  globe  of  the  eye  in  two  points, 
makes  it  roll  about  at  pleasure  A  sixth  iijs 
under  the  eye,  and  is  designed  to  temper  and 
restrain  within  proper  bounds  the  action  of  the 
rest,  to  keep  it  steadily  fixed  on  the  object  it  be- 
holds, and  to  prevent  those  frightful  contortiont 
which  otherwise  might  take  place.*  By  these, 
and  a  multitude  of  other  mechanical  contrivances, 
all  acting  in  harmonious  combination,  the  eye,  a» 
a  natural  telescope  and  microscope,  is  made  ta 
advance,  to  recede,  to  move  to  the  right,  and  ta 
the  left,  and  in  every  other  direction;  and  to  view 
near  and  distant  objects  with  equal  distinctness; 
so  that  a  single  eye,  by  the  variety  of  positions  i| 
may  assume,  performs  the  office  of  a  tiiousund.f 

The  utility  of  these  several  movements,  and  tht 
pain  and  inconvenience  which  would  be  suffered 
were  any  of  them  wanting,  can  scarcely  b« 
conceived  b}'  any  one  whose  eyes  have  always 
remained  in  a  sound  state.  We  are  so  much 
accustomed  to  the  regular  exercise  of  our  visual 
organs,  that  we  seldom  reflect  on  the  numerous 
delicate  springs  which  must  be  set  in  action, 
before  the  functions  of  vision  can  with  ease  be 
performed.  But  were  any  one  of  the  muscular 
organs,  now  described,  to  fail  in  its  functions,  wo 
should  soon  experience  so  many  inconveniences, 
as  would  throw  a  gloom  on  all  the  other  comforts 
of  lifj;  and  convince  us  how  much  we  are  in- 
debted, every  moment,  to  the  provident  care  and 
goodness  of  our  beneficent  Creator,  for  thousands 
of  enjoyments  which  we  seldom  think  of,  and  for 
which  we  are  never  sufficiently  grateful.  •'  With 
much  compassion,  as  well  as  astonishment,  at  the 
goodness  of  our  loving  Creator,"  says  Dr.  Nieu- 
wenty  t,  "  have  I  considered  the  sad  stale  of  a  cer- 
tain gentleman,  who,  as  to  the  rest,  was  in  pretty 
good  health,  but  only  wanted  the  use  of  those 
two  little  muscles  that  serve  to  lift  up  the  eyelid, 
and  so  had  almost  lost  the  use  of  his  sight — being 
forced,  as  long  as  this  defect  lasted,  to  shove 
up  his  eyelids  every  moment  with  his  own 
hands."  :t 

How  admirable,  then,  is  the  formation  of  tha 
eye,  and  how  grateful   ought  we   to  feel    at  the 


*  A  more  particular  description  of  the  muscles  of  the  eye 
illustrated  by  two  engravings,  will  be  found  in  the  author'i 
volume,  entitled,  "Tlie  Improvement  of  Society  by  the  Dil 
fusion  of  Knowledge,"  p.  72. 

t  Flies  and  other  insects,  whose  eyes  are  immovable 
have  several  thousands  of  distinct  globes  in  each  eye.  Sw 
Note,  p.  34. 

t  Nieuwentyt's  Keligious  Philosopher,  vol.  i,  p.  232. 
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consideration,  that  we  are  permitied  to  enjoy  all  :  so  large,  that  a  million  of  them  wt^re  equal  in 
uhe  transporting  pleasures  of  vision,  without  the  bulk  to  an  ordinary  grain  of  sand,  we  durst  no 
east  perplexity  or  effort  on  our  part!  If  the  loss  ;  more  open  our  eyes  to  the  light,  than  suffer  sand 
j{  action  in  a  single  muscle  produces  so  many  i  to  be  sliot  point-blank  against  them  from  tlie 
iistressiug  sensations  and  etForts,  what  would  be  i  mouth  of  a  cannon."  It  may  also  be  remarked, 
Ihe  consequence  if  all  the  muscles  of  the  eye  that  tiie  properly  which  all  bouies  possess  of  re- 
were  wanting  or  deranged?  And  is  it  man  '  y/cc/i/i(/ light,  is  essential  to  the  purpose  of  vision, 
that  governs  these  nice  and  intricate  movements,  witliout  wliich  the  splendid  and  variegated  scene 
—01  is  it  the  eye  itself,  as  a  self-directing  ma-  ,  of  nature  would  be  changed  into  a  ureaui'ul 
chine,  (hat  thus  turns  round,  seasonably  and  sig-  gloom;  and  were  the  rays  of  light  of  one  uni- 
niheantly,  toward  every  visible  object  ?  Man  form  color,  and  not  compounded  of  various  lines, 
knows  neither  the  whole  structure  of  the  organs  j  one  object  could  not  be  distinguisiied  from  au- 
of  vision,  nor  the  functions  they  ought  to  per-  I  other,  and  the  beautiful  aspect  of  our  globe  would 
form.     Tlie  eye  is  only  an  unconscious  machine  ,  instantly  disappear. 

in  th:!  hands  of  a  Superior  Intelligence,  as  aj  Thus  we  see  that  the  eye  is  adapted  to  light,  and 
watch  or  a  steam-engine  is  in  the  hands  of  a  me-  {  light  to  the  eye;  and  in  this  admirable  adaptation 
chanic.  It  is  God  alone  who  constantly  performs  ;  the  wisdom  of  tlie  Creator  is  strikingly  displayed. 
its  movements,  according  to  certain  laws,  which  i  For  light  has  no  effect  upon  the  ear,  or  uj)on  any 
he  has  submitted  to  our  inclinations  and  desires;  other  organ  of  sensation,  so  as  to  produce  a  per- 
"for  in  hu'ii  we  live  and  »noye."  We  are  desirous  ception  of  visible  objects;  as,  on  the  other  hand, 
to  see  certain  objects  around   us:  this  is  all  the    the  undulations  of  tne  air  have  no  effect  upon  fhe 


Bhare  we  have  in  the  operations  of  our  eyes;  and 
without  perplexing  our  understanding,  without 
the  least  care  or  management  in  regard  to  any  of 
the  functions,  we  can,  in  a  few  moments,  take 
a  survey  of  the  beauties  and  sublimities  of  an 
extensive  landscape,  and  of  the  glories  of  the 
vault  of  heaven.  Thus  the  Divine  Being  ope- 
rates, not  only  in  this,  but  in  a  thousand  ditFereut 
ways,  in  the  various  senses  and  contrivances 
which  belong  to  our  animal  system ;  and  yet 
thoughtless  and  ungrateful  man  often  inquires,  in 
the  language  of  doubt  and  hesitation,  "  Where  is 
God  my  Maker?" — He  is  in  us  and  around  us, 
directing  every  movement  in  our  animal  frame  to 
act  in  liarmony  with  the  surrounding  elements, 
and  to  minister  to  our  enjoyment;  and  it  is  only 
when  his  exquisite  operations  are  deranged  by 
external  violence,  or  by  vicious  or  imprudent 
habits,  that  we  feel  inconvenience  or  pain. 

Such  are  only  a  few  general  outlines  of  the 
structure  of  the  eye;  for  no  notice  has  been  taken 
of  the  numerous  minute  veins,  arteries,  nerves, 
lymphatics,  glands,  and  many  other  particulars 
which  are  connected  with  this  organ.  But  all 
this  delicate  and  complicated  apparatus  in  the 
structure  of  the  eye  would  have  been  of  no  use 
whatever  for  the  purpose  of  vision,  had  not  a  dis- 
tinct substance  been  created  to  act  upon  it,  exactly 
adapted  to  its  nature  and  functions.  In  order 
that  the  eye  might  serve  as  the  medium  of  our 
perceptions  of  visible  objects,  lipht  was  formed, 
and  made  to  travel  from  its  source  at  the  rate  of 


eye,  so  as  to  produce  the  sensation  of  souui'.  The 
eye  did  not  produce  the  light,  nor  did  the  light 
form  tlie  eye;  they  are  perfectly  distinct  from 
each  other,  yet  so  nicely  adapted  in  every  partic- 
ular, that  had  any  one  quality  or  cireuinstance 
been  wanting  in  either,  the  functions  of  vision 
could  not  liave  been  performed  in  the  manner  in 
which  they  now  operate;  which  strikingly  de- 
monstrates, that  one  and  the  same  Intelligent  Be- 
ing, possessed  of  a  wisdom  beyond  our  compre- 
hension, formed  the  curious  structure  of  the  eye, 
and  indued  the  rays  of  light  with  those  properties 
of  color,  motion,  and  minuteness,  wliicli  are  cal- 
culated, through  the  medium  of  this  organ,  to 
produce,  in  sentient  beings,  the  ideas  of  visible 
objects.  And,  surely,  he  never  intended  that 
such  exquisite  skill  and  contrivance  should  be  al- 
together overlooked  by  rational  beings,  for  whose 
pleasure  and  enjoyment  all  this  benevolent  care  is 
exercised. 

MANNER   IN    WHICH    VISION    IS    PERFORMED. 

Let  us  now  attend  a  little  to  the  manner  in 
which  vision  is  performed,  by  the  medium  of 
light  acting  on  the  organs  of  sight.  If  we  take 
a  common  convex  glass — a  reading-glass,  for  ex- 
ample— and  hold  it  at  some  distance  from  a  candle 
or  a  window-sash,  placing  a  piece  of  white  paper 
behind  the  glass,  at  the  distance  of  its  focus,  the 
image  of  the  candle  or  sash  will  be  painted  on  th& 
paper,  in  an  inverted  position.  This  experiment 
192,000  miles  in  a  second  of  time.  This  prodi-  ;  nwy  be  performed  with  a  better  effect,  by  darken- 
gious  velocity  of  light  is  doubtless  essential  to  tii-^  [  i:ig  a  room,  and  placing  the  convex  glass  in  a  hole 
nature  of  vision;  since  it  actually  exists,  and  since  j  cut  out  of  the  window-shutter,  when  the  rays  of 
we  find  that  it  radiates  with  the  same  swiftness  i  light,  flowing  from  the  objects  without,  and  passing 
from  the  most  distant  visible  star,  as  from  the  sun  through  the  glass,  will  form  a  picture  of  the  ob- 
which  enlightens  our  system.  To  abate  the  force  jects  opposite  the  window,  on  the  white  paper, 
of  th\..>  amazing  velocity,  its  particles  have  been  adorned  with  the  most  beautiful  colors.  In  a 
formed  almost  infinitely  small — a  circumstiiice  1  manner  similar  to  this  are  the  images  of  external 
which  alone  prevents  this  delightful  visitant  from  ;  objects  depicted  on  the  back  part  of  the  inner 
becoming  the  most  tremendous  and  destructive  |  coat  or  membrane  of  the  eye.  The  rays  of  light, 
element  in  nature.  Dr.  Nieuwentyt  has  com-  I  proceeding  in  all  directions  from  surrounding  ob- 
puted  that,  in  one  second  of  time,  there  flows  }  jects,  and  falling  on  the  eye,  are  transmitted 
4lc<,ti60,0)),000,0:)0,000,;inO,000,OUO,000,000,OOn,-  '  throngh  the  pupil;  and  being  refracted  by  the  dif- 
0«.R),0:X),000 *  particles  of  light  out  of  a  burning  ferent  humors  (particularly  by  the  cr:jstalline  hu- 
cnndle,  which  number  contuins  at  least  6,337,-  mor,  which  acts  the  part  of  a  convex  lens),  they 
242,000,00)  times  the  number  of  grains  of  sand  |  converge  to  a  focus  on  the  retina,  where  llie  im- 
in  the  whole  earth,  supposing  every  cubic  inch  :  ages  of  visible  objects  are  painted  in  an  inverted 
of  the  earth  to  contain  a  million  of  grains.  It :  position;  and,  by  means  of  the  optic  nerv.-,  these 
has  been  justly  remarked  by  Mr.  Ferguson,  and  !  images  are  conveyed  to  the  mind, 
other  authors,  that  "  if  the  particles  of  light  were  j      The   following  figure   will   perhaps  more  dis- 

■- j  tiuctiv  illustrate  this  point.     Let  a  b  c  x  y  repre- 

*  Tbat  is   (bur  hnndred  and  eighteen  septillions,  six  hun-  !  sent  the  globe  of  the  eye,  and   A  B  C  an   object  at 
rtred  and  iixty  sextillions.— See  Appendii,  Note  111.  1  a  Certain  uistaiice  from  it.      N  OW,  it  IS  well  knoWH 
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that  every  point  of  a  visible  object  sends  out  rays 
of  ligiit  in  all  directions;  and  therefore,  a  certain 
portion  of  the  rays  whicli  flow  from  tlie  object 
ABC,  will  fall  upon  the  cornea  between  x  and  ij, 


Fig.  8. 


and  passing  through  the  aqueous  humor,  mn,  and 
the  crystalline  humor,  o  p,  and  the  vitreous  humor, 
D  E,  will  be  converted  to  a  focus  on  the  retina, 
and  paint  a  distinct  picture,  a  b  c,  of  the  object 
ABC,  in  an  inverted  position.  The  rays  from  the 
point  A  of  the  object,  after  being  refracted  by  the 
different  humors,  will  be  brouglit  to  a  point  at  a; 
those  from  b  will  be  converged  at  b;  and  those 
from  c  at  c;  and  of  course  the  intermediate  rays 
between  a  b  and  b  c  will  be  formed  between  a  b 
and  b  c,  and  the  object  will  become  visible  by 
means  of  its  image  or  representation  being  paint- 
ed on  tlie  retina,  in  all  the  colors  and  propor- 
tions which  belong  to  it.  If  we  take  a  bullock's 
eye,  and  cut  off  the  three  coats  from  the  back 
part,  and  put  a  piece  of  thin  white  paper  over 
that  part,  and  hold  the  eye  toward  the  window,  or 
any  bright  object,  we  shall  see  the  image  of  the 
object  depicted  upon  the  paper,  and  in  an  inverted 
position,  as  stated  above. 

In  order  that  we  may  more  distinctly  perceive 
the  wonders  of  vision,  and  the  numerous  circum- 
stances on  which  it  depends,  let  us  suppose  our- 
selves placed  on  an  eminence,  which  commands  a 
view  of  a  variegated  and  extensive  landscape. — 
Let  us  suppose  ourselves  stationed  on  Arthur's 
Seat,  or  on  the  top  of  Salisbury  Crags,  in  the  vi- 
cinity of  Edinburgh.  Turning  our  face  to  the 
north-west,  the  city,  with  its  castles,  spires,  and 
stately  edifices,  presents  itself  to  our  view.  Be- 
yond it,  on  the  north  and  west,  a  beautiful  coun- 
try, adorned  with  villas,  plantations,  and  fertile 
fields,  stretches  as  far  as  the  eye  can  reach,  until 
the  view  is  bounded  by  the  castle  of  Stirling,  at 
a  (fistance  of  more  than  thirty  miles.  On  the 
right  hand,  we  behold  the  port  of  Leith,  the  sliip- 
.ping  in  the  roads,  the  coast  of  Fife,  the  isles  of 
Inchkeith  and  of  May,  and  the  frith  of  Forth 
gradually  losing  itself  in  the  German  ocean.  If 
we  suppose  the  length  of  this  landscape  to  be 
forty  miles,  and  its  breadth  twenty-five,  it  will, 
of  course,  comprehend  an  area  of  a  thcusand 
square  miles. 

The  first  circumstance  which  strikes  the  mind, 
is  the  immense  multitude  of  rays  of  rejUcted  lliht 
which  flow  in  all  directions,  from  the  myriads  of 
objects  which  compose  the  surrounding  scene. — 
In  order  to  form  a  rude  idea  of  this  infinity  of  ra- 
diations I  fix  my  attention  on  a  single  object.  I 
direct  my  eye  to  Nelson's  monument,  on  the  Cal- 
ton  Hill.  From  the  parapet  at  the  top,  a  thousand 
different  points  send  forth  a  thousand  different 
cones  of  rays,  which,  entering  my  eye,  render 
the  different  parts  of  it  distinctly  visible,  beside 
myriads  of  rays  from  the  same  points,  which  flow 
in  every  other  direction  through  the  open  spaces 
of  the  atmosphere  which  surround  them.  How 
many  thousands  of  millions,  then,  of  different  ra- 
diations must  be  issuing  forth  every  moment  from 
the  w'lole  mass  of  the  moiument!  And  if  one 
object  poirs  forth  such  a  flood  of  rays,  how  im- 


mense must  be  the  number  of  radiations  whi'-h 
are  issuing  from  all  the  objects  which  compose 
this  extensive  landscape!  Myriads  of  rays,  from 
myriads  of  objects,  must  be  crossing  eacli  other 
in  an  infinity  of  directions,  so  that  the  mind  is 
confounded  at  the  apparent  confusion  which  seems 
to  exist  in  this  immensity  of  radiations;  yet  every 
ray  passes  forward  in  the  crowd,  in  the  most  per- 
fect order,  and,  without  being  blended  or  confused 
with  any  other  ray,  produces  its  specific  effect  on 
every  eye  that  is  open  to  receive  it.  But  this  is 
not  all:  these  millions  of  rays,  which  flow  from 
the  minutest  points  of  the  surrounding  scene,  be- 
fore they  can  produce  the  sensation  of  vision,  and 
form  a  picture  of  the  landscape  on  the  retina, 
must  be  compressed  into  a  space  little  more  than 
one-eighth  of  an  inch  in  diameter,  before  they 
can  enter  the  pupil  of  the  eye;  yet  they  all 
pass  through  this  small  aperture  without  the  least 
confusion,  and  paint  the  images  of  their  respec- 
tive objects  in  exactly  the  same  order  in  which 
these  objects  are  arranged.  —  Another  circum- 
stance demands  attention.  The  rays  which  pro- 
ceed from  the  objects  before  me,  are  not  all  di- 
rected to  the  spot  where  I  stand,  but  are  diffused 
throughout  every  point  of  the  surrounding  space, 
ready  to  produce  the  same  effect,  wherever  sen- 
tient beings  are  present  to  receive  them.  Were 
the  whole  inhabitants  of  Edinburgh  placed  on  the 
sloping  declivity  of  Arthur's  Seat,  and  along  the 
top  of  Salisbury  Crags,  and  were  millions  of 
other  spectators  suspended  in  the  surround.'ng  at- 
mosphere, similar  sensations  would  be  produced, 
and  a  scene  similar  to  that  which  I  now  behold 
would  be  depicted  in  every  eye.  Amidst  the  in- 
finity of  cones  of  light,  crossing  each  other  in  an 
infinity  of  directions,  no  confusion  would  ensue, 
but  every  spectator,  whose  eyes  were  in  a  sound 
state,  would  obtain  a  correct  view  of  the  scene 
before  him;  and  hence  it  happens,  that,  whenever 
I  shift  my  position  to  the  right  hand  or  to  the 
left,  other  streams  of  light  enter  my  eye,  and  pro- 
duce the  same  effect. 

Let  me  now  attend  to  another  circumstance,  no 
less  admirable  than  the  preceding,  and  that  is,  the 
distinct  impression  which  I  have  of  the  shape,  co- 
lor, and  motion,  of  the  multiplicity  of  objects  I 
am  now  contemplating,  and  the  small  space  with- 
in which  tlu-ir  images  are  depicted  at  the  bottom 
of  my  eye.  Could  a  painter,  after  a  long  series 
of  ingenious  efforts,  delineate  the  extensive  land- 
scape now  before  me  on  a  piece  of  paper  not  ex- 
ceeding the  size  of  a  silver  sixpence,  so  that  every 
object  might  be  as  distinctly  seen,  in  its  proper 
shape  and  color,  as  it  now  appears  when  I  sur- 
vey the  scene  around  me,  he  would  be  incompa- 
rably superior  to  all  the  masters  of  his  art  that 
ever  went  before  him.  This  effect,  which  far 
transcends  the  utmost  efforts  of  human  genius,  is 
accomplished  in  a  moment,  in  millions  of  in- 
stances, by  the  hand  of  Nature,  or,  in  other 
words,  by  "  '.1.^  finger  of  God."  All  the  objects 
I  am  itr.w  surveying,  comprehending  an  extent  of 
a  thousand  square  miles,  are  accurately  delineated 
in  the  bottom  of  my  eye,  on  a  space  less  than  } alf 
an  inch  in  diameter.  How  delicate,  then,  must 
be  the  strokes  of  that  divine  pencil  which  has 
formed  such  a  picture!  I  turn  my  eyes  tj  the 
castle  of  Edinburgh,  which  appears  one  <>{  the 
most  conspicuous  objects  in  my  field  of  viey-.— 
Supposing  that  portion  of  it  which  strikes  irr  eye 
to  be  500  feet  long,  and  90  in  bight,  I  fr  J,  by 
calculation,  that  it  occupies  only  ',he  six-  b  j  .idred- 
thousandth  part  of  the  whole  "arids'^p;,  andj 
consequently,  fills  in  my  eye  nt»  more  *i\m  the 
twelve-hundred-thousandth  parf  of  a\  inch.      I 
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next  direct  my  eye  toward  the  Frith  of  Forth,  and 
perceive  a  steamboat  sailing  between  Queensl'erry 
and  Newhaven,  I  distinctly  trace  its  motion  for 
the  space  of  40  minutes,  at  tiie  end  of  whicli  it 
reaches  tlie  cliainpier  at  Newliaven,  having  passea 
over  a  space  of  tive  miles  in  lengtJi,  wliich  is  but 
the  eightli  part  of  tlie  lineal  extent  of  tiie  land- 
scape in  that  direction;  and,  consequently,  occu- 
pies, in  the  picture  formed  on  my  retina,  a  lineal 
space  of  only  one-sixteenth  of  an  inch  in  extent. 
Anil,  if  the  boat  be  reckoned  about  88  teet  in 
length,  its  image  is  only  the  three-hundredth  part 
of  this  extent;  and,  of  course  tills  a  space  in  the 
eye  of  only  the  four-thousand-eight-hundredth 
part  of  a  lineal  inch.  Yet,  my  perception  of  the 
motion  of  the  vessel  could  be  produced  by  only  a 
corresponding  motion  of  its  image  in  my  eye; 
that  is,  by  the  gradual  motion  ol  a  point  one- 
four-thousaud-eight-imndredth  part  of  an  inch  in 
ciaiiieter,  over  a  space  one-sixteenth  of  an  inch  in 
length.  How  ijiconceivably  fine  and  accurate, 
then,  must  be  the  impression  of  those  strokes 
which  the  rays  of  light,  from  visible  objects,  pro- 
duce on  the  rctiua  of  the  eye!  The  mind  is  lost 
in  wonder  when  it  attempts  to  trace  so  exquisite 
and  admirable  an  etiect. 

I  take  a  reflecting  telescope,  and  through  it 
view  some  of  the  distant  pans  of  the  landscape. 
My  wonder  is  still  increased  when  I  consider  the 
new  directions  into  wiiich  the  rays  of  light  are 
bent— the  crossings  and  recrossings,  the  refrac- 
tions and  reflections,  that  take  place  between  the 
mirrors  and  the  lenses  of  the  instrument,  and  the 
successive  images  that  are  formed — so  that,  in- 
stead of  a  scene  of  confusion,  which  previous  to 
experience,  migiit  have  been  expected  from  the 
numerous  additional  bendings  and  intersections 
of  the  rays — I  now  perceive  hundreds  of  objects, 
with  the  most  perfect  distinctness,  which  were 
before  invisible.  Rays  ol  light  from  distant  and 
minute  objects,  which  a  moment  before  made  no 
sensible  impression  on  my  eye,  being  collectea 
and  variously  nioditied  by  the  telescope,  now 
paint  a  vivid  representation  of  their  objects  in 
their  true  figures,  colors,  and  positions. 

From  a  consideration  of  the  innumerable  modi- 
fications of  the  rays  of  light,  e  nd  of  the  immense 
Variety  of  efiects  they  produce  in  every  region  of 
the  earth — 1  am  led  to  investigate  what  proportion 
of  the  solar  Ivjht  falls  upon  our  glolic,  in   order  to 
produce  so   diversiiied   a  scene   of  sublimity  and 
beauty.     Supposing  the  sun's  rays  to   be  chiefly 
confined,  in  their  elFects,  witliin  the  limits  of  tlie 
planetary  system,  since  they  diverge  in  every  di- 
rection, they  mustlill  a  cubical  space  3,600,000,001) 
miles  in  diameter;  which  consequently  will  contain 
about  24,000,000,000,000,000,000,000,000,000  of 
cubical  miles,  so  that  an  eye,  placed  in  any  jjoint 
of  this  vast  space,  would  receive  a  distinct  impres- 
sion from  the  solar  rays.    The  solidity  of  the  earth 
is  about  264,000,000,000  cubical  miles,  and,  there- 
fore it  receives  only  the  --------i--__-___ 

part  of  the  light  which  fills  the  sphere  of  the  so- 
lar system.  So  that  the  light  which  cheers  all  the 
inhabitauts  of  the  world,  and  unvails  such  a  varie- 
ty of  beautiful  and  magnificent  objects,  is  nothing 
more  than  a  single  stream  of  celestial  radiance  out 
of  ninety  thousand  billions  of  similar  streams, 
which  the  great  source  of  ligh.t  is  every  moment 
diirusing  throughout  surrounding  worlds.  But 
the  solar  rays  are  not  confined  within  the  botinds 
of  the  planetary  system;  their  influence  extends, 
in  every  direction,  as  far  as  the  nearest  stars,  fill- 
ing a  cubical  space  at  least  40,000,000,000,000 
miles   n  diameter,  and  which  contains  33,500,000, 


000,000,000,000,000,000,000,000,000,000,000,  or, 
thirty-three  thousand  five  hundred  sexlillions  of 
cubical  miles.  And  were  we  to  institute  compa- 
risons and  calculations  with  respect  to  the  possi- 
ble variety  of  effects  they  might  produce  through- 
out this  immense  region,  whole  pages  might  bo 
rilled  with  figures,  cipliers,  and  computations.  We 
might  compute  how  many  globes  siir>ilar  to  the 
earth,  or  any  of  the  larger  planets,  nught  be  con- 
tained within  this  vast  space,  allowing  several 
hundreds  of  cubical  miles  of  empty  space  around 
each  globe  —  how  many  myriaus  of  refractions 
and  reflections  the  rays  of  light  would  suffer,  in 
regard  to  the  peculiar  objects  connected  with  every 
one  of  these  globes  —  how  many  eyes  of  sentient 
beings  might  be  afTected'jy  the  uiversities  of  color, 
shape,  and  motion  which  would  thus  be  produced 
— and  what  a  variety  of  shades  of  light  and  color, 
and  what  a  diversity  of  scenery  would  be  pro- 
duced, according  to  the  distances  of  the  respective 
globes  from  the  central  luminary.  Alter  what  we 
have  just  now  stated,  however,  we  may  rest  satis- 
fied with  joining  in  the  pious  exclamation  of  one 
who  had  just  finished  a  devout  survey  of  the 
structure  of  the  human  frame:  "  Marvelous  are 
thy  works,  and  that  niy  soul  knoweth  right  well. 
How  precious  are  thy  thoughts  unto  me,  O  Godl" 
(or,  as  the  words  miglit  be  rendered),  "  How  pre- 
cious are  thy  wonderful  contrivances  concerning 
me,  O  God!  how  great  is  the  sum  of  them?  If  I 
should  count  tliem  they  are  more  in  number  than 
the  sand."  In  what  direction  soever  I  turn  mine 
eyes,  whatever  portion  of  thy  works  I  investi- 
gate, "/  am  still  with  thee."*  Thine  infinity  and 
unsearchable  wisdom  are  impressed  on  every  ob- 
ject, so  that  I  feel  myself  every  moment  encom- 
passed by  thine  immensity,  and  am  irresistibly  led 
to  wonder  and  adore. 

I  shall  now  conclude  these  reflections  on  vision, 
with  two  or  three  additional  remarks.  It  is  wor- 
thy of  notice,  in  the  first  place,  that  the  eye  has 
the  power  of  adapting  itself  to  objects  placed  at 
different  distances.  Jiy  means  of  some  delicate 
pieces  of  mechanism,  not  hitherto  satisfactorily 
explained,  it  can  j)erceive,  with  distinctness,  a 
large  object  at  the  distance  of  six  miles,  and  the 
next  moment  it  can  adjust  itself  to  the  distinct 
perception  of  an  object  at  the  distance  of  six 
inches;  so  that  it  acts  the  part  both  of  a  telescope 
and  a  microscope,  and  can  be  instantaneously  ad- 
justed to  perform  either  as  the  one  instrument  or 
as  the  other.  This  necessarily  supposes  a  corrcs- 
poncing  alteration  in  the  state  of  the  organ,  every 
time  we  lift  our  eye  from  a  near  to  look  at  a  dis- 
tant object.  Either  the  cornea  is  somewhat  flat- 
tened, or  the  crystalline  humor  is  pushed  back- 
ward, or  both  these  changes,  in  combination  with 
others,  may  concur  in  causing  the  rays  from  dis- 
tant objects  to  unite  exactly  on  the  retina,  with- 
out which,  distant  vision  cannot  be  produced. — 
Tliis  contrivance,  in  whatever  kind  of  mechan- 
ism it  may  consist,  is  one  which  art  would  vainly 
attempt  to  imitate.  We  can  see  objects  that  are 
near  us  with  a  microscope;  and  those  that  are  dis- 
tant with  a  telescope;  but  we  should  in  vain  at- 
tempt to  see  distant  objects  with  the  former,  or 
those  that  are  only  a  few  inches  from  us  with  the 
latter,  without  a  variety  of  changes  being  made 
in  the  apertures  and  positions  of  the  glasses  be- 
longing to  the  respective  instruments.  In  this 
respect  therefore,  as  well  as  in  every  otiier,  the 
eye  is  an  optical  instrument,  incomparably  supe- 
rior to  any  instrument  or  imitation  that  art  can 
produce;  aud  were  it  not  for  the  peculiar  property 

*  Psalm  cxxxix.  14, 17,  18 
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now  described,  it  would  be  almost  unfit  for  the 
purpose  of  vision,  notwithstanding  all  tlie  other 
delicate  contrivances  whicli  enter  into  its  con- 
struction. If  it  were  adjusted  only  for  ths  dis- 
tinct perception  of  distant  objects,  every  object 
within  tlie  limits  of  an  ordinary  apartment  would 
appear  a  mass  of  confusion;  and  were  it  adjusted 
solely  for  viewing  objects  within  the  limits  of  a 
few  feet  or  inches,  the  glories  of  the  heavens,  and 
the  beiutiful  landsca-pe  of  the  earth,  would  be 
vailed  from  our  sight,  as  if  they  were  enveloped 
in  a  mist. 

Another  circumstance  worthy  of  attention,  is 
the  power  which  the  pupil  of  the  eye  possesses  of 
coulructing  or  enlarging  the  aperture  or  hole 
through  which  the  light  is  admitted.  When  the 
light  is  too  weak,  the  pupil  is  enlarged;  when  it 
is  too  strong,  it  is  again  contracted.  Accordingly 
we  fijid,  that  when  we  enter  a  darksome  apart- 
ment, though,  at  first,  nothing  can  be  accurately 
distinguished,  yet,  in  the  course  of  a  minute  or 
two,  wh^u  the  pupil  has  had  time  to  dilate,  we 
can  perceive  most  objects  with  considerable  dis- 
tinctness. Anil,  on  the  other  hand,  when  we  pass 
from  a  dark  room  to  an  apartment  lighted  up  with 
a  number  of  lusters,  we  feel  uneasy  at  the  sudden 
glare,  until  the  pupil  has  contracted  itself,  and  ex- 
cluded a  portion  of  the  superfluous  rays.  Were 
it  not  for  this  property,  we  should,  for  the  most 
part,  either  be  surrounded  with  a  disagreeable 
gloom,  or  oj)pressed  with  an  excessive  splendor. — 
It  is  for  this  reason  that  we  are  unable  to  look 
upon  Ihe  sun  without  being  dazzled,  and  are  un- 
der the  necessity  of  closing  the  eyeliils,  or  of  turn- 
ing away  the  head,  when  a  strong  light  suddenly 
succeeds  to  darkness. 

Again,  it  may  not  be  improper  to  observe,  how 
wisely  the  Author  of  Nature  has  -fixed  the  dis- 
tance at  which  we  ordinarily  see  near  olijects  most 
distinctly.  This  distance  is  generally  from  five  to 
eight  inches  from  the  eye.  But,  had  the  eye  been 
formed  for  distinct  vision,  at  the  distance  of  only 
one  inch,  the  object  would  have  obstructed  the 
light,  and  room  would  have  been  wanting  for  the 
performance  of  many  necessary  operations,  which 
require  the  hand  to  intervene  between  the  eye 
and  the  object.  And  had  the  limits  of  distinct 
vision  for  near  objects  been  beyond  two  or  three 
feet,  sufficient  light  woidd  not  have  been  afforded 
for  the  inspection  of  minute  objects,  and  we  could 
neither  have  written  a  letter  nor  have  read  a  book 
with  the  same  convenience  and  ease  we  are  now 
enabled  to  do. 

From  the  preceding  descriptions  and  remarks, 
it  will  evidently  appear,  with  what  admirable  skill 
the  different  parts  of  the  organs  of  vision  are  con- 
structed, and  how  nicely  fhey  are  adapted  to  the 
several  ends  they  were  intended  to  subserve. — 
Were  any  one  of  these  parts  deficient,  or  ob- 
structed in  its  functions,  vision  would  either  be 
impeded,  or  rendered  painful  and  distressing,  or 
completely  destroyed.  If  any  of  the  humors  of 
the  eye  were  wanting — if  they  were  less  transpa- 
rent— if  they  were  of  a  different  refractive  power 
— or  if  they  were  of  a  greater  or  less  convexity 
than  they  now  are,  however  minute  the  alteration 
might  be,  vision  would  inevitably  be  obstructed, 
and  every  object  would  appear  confused  and  in- 
distinct. If  the  retina,  on  which  the  images  of 
objects  are  painted,  were  flat,  instead  of  being 
concave,  while  objects  in  the  iiifdclle  of  the  view 
appeared  distinct,  every  object  toward  the  sides 
would  appear  dim  and  confused.  If  the  cornea 
were  as  opaque  as  the  sclerotica,  to  which  it  is 
joined,  or  if  the  retina  were  not  connected  with 
tli&  optic  nerve,  no  visible  object  could  pos.sibly  be 


perceived.  If  one  of  the  six  muscles  of  ,iho  eyo 
were  wanting,  or  impeded  in  its  function.s,  w» 
could  not  turn  it  to  the  right;  if  a  second  were 
deficient,  we  could  not  turn  it  to  the  left;  if  a 
third,  we  could  not  lift  it  upward;  if  a  fourth,  we 
could  not  move  it  downward;  and  if  it  were  de- 
prived of  the  other  two  muscles,  it  would  be  apt 
to  roll  about  in  frightful  contortions.  If  the  eyea 
were  placed  in  any  other  part  of  the  body  than 
the  head — if  they  were  much  more  prominent 
than  they  now  ar; — if  they  were  not  surrounded 
by  the  bony  socket  in  which  they  are  lodged — 
— and  if  they  were  not  frequently  covered  by  the 
eyelid — they  would  be  exposed  to  a  thousand  ac- 
cidents from  which  they  are  now  protected.  If 
they  wanted  moisture,  and  if  they  were  not  fre- 
quently wiped  by  the  eyelids,  they  would  become 
less  transparent,  and  more  liable  to  be  inflamed; 
and  if  they  were  not  sheltered  by  the  eyebrows, 
the  sweat  and  moisture  of  the  forehead  would 
frequently  annoy  them.  Were  the  light  which 
acts  upon  them  devoid  of  color — were  it  not  re- 
flected from  objects  in  every  direction — were  ita 
motion  less  swift,  or  its  particles  much  larger 
than  they  now  are — in  short,  were  any  one  cir- 
cumstance connected  with  the  structure  of  thia 
organ,  and  with  the  modification  of  the  rays  of 
light,  materially  different  from  its  present  ar- 
rangement, we  should  either  be  subjected  to  the 
hourly  recurrence  of  a  thousand  painful  sensa- 
tions, or  be  altogether  deprived  of  the  entertain- 
ments of  vision. 

How  admirable  an  organ,  then,  is  the  eye,  and 
how  nicely  adapted  to  unvail  to  our  view  the  glo- 
ries of  the  universe!  Without  the  application  of 
any  skill  or  laborious  efforts  on  our  part,  it  turns 
in  every  direction,  transports  us  to  every  sur- 
rounding object,  depicts  the  nicest  shades  and 
colors  on  its  delicate  membranes,  and 

"  Takes  in,  at  once,  the  landscape  of  the  world 
Jit  a  small  inlet,  whicli  a  grain  might  close, 
And  half  creates  the  wondrous  world  we  see." — YotTNO. 

— How  strikingly  does  it  display,  in  every  part  of 
its  structure  and  adaptations,  the  marks  of  be- 
nevolent design,  and  of  Infinite  Intelligence! — 
However  common  it  is  to  open  our  eyes,  and  to 
behold,  ill  an  instant,  the  beauties  of  an  extensive 
landscape,  and  however  little  we  may  be  accus- 
tomed to  admire  this  wonderful  effect — there  is 
not  a  doctrine  in  religion,  nor  a  fact  recorded  in 
Revelation,  more  mysterious  and  incomprehensi- 
ble. An  excellent  French  writer  has  well  ob- 
served— "  The  sight  of  a  tree  and  of  the  sun, 
which  God  shows  me,  is  as  real  and  as  immediate 
a  Revelation  as  that  which  led  Moses  toward  the 
burning  bush.  The  only  difference  between  both 
these  actions  of  God  ou  Moses  and  me  is,  that 
the  first  is  out  of  the  common  order  and  economy; 
whereas  the  other  is  occasioned  by  the  sequel 
and  connection  of  those  laws  which  God  has 
established  for  the  regulation  both  of  man  and 
nature." 

If  then,  the  eye  of  man  (who  is  a  depraved  in- 
habitant of  a  world  lying  partly  in  ruins),  is  an 
organ  so  admirably  fitted  for  extending  our  pros- 
pects of  the  visible  creation — we  may  reasonably 
conclude,  that  organized  beings  of  superior  intel- 
ligence and  moral  purity,  possess  the  sense  of  vi- 
sion in  a  much  greater  degree  of  perfection  than 
man  in  his  present  state  of  degradation — and  that 
they  may  be  enabled,  by  their  natural  organs,  to 
penetrate  into  regions  of  the  universe  far  beyond 
what  man,  by  the  aid  of  artificial  helps,  will  ever 
be  able  to  descry.  It  may  not  be  altogether  ex- 
travagant, nor  even  beyond  the  reality  of  exist- 
ing facts,  to  suppose,  that  there  are  intelligences 
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In  the  rogious  of  Jupiter  or  Saturn,  whose  visual 
organs  are  in  so  perfect  a  state,  that  tliey  can  de- 
scry the  mountains  of  our  moon,  and  the  eonti- 
Deuts,  i-shuitls,  and  oceans  wiiich  diversify  our 
globe,  and  arr3  able  to  delineate  a  map  of  its  sur- 
face, to  mark  tiie  period  of  its  diurnal  rotation, 
and  even  to  distinguish  its  cities,  rivers,  and  vol- 
cauoes.  It  is  quite  evident,  that  it  must  be  equal- 
ly easy  to  Divine  Wisdom  and  Omnipotence,  to 
form  organs  with  powers  of  vision  far  surpassing 
wlial  I  iuive  now  supposed,  as  to  form  an  organ  in 
which  the  magnificent  scene  of  heaven  and  earth 
is  depicted,  in  a  moment,  within  the  compass  of 
half  au  inch.  There  are  animals  whos?  range  of 
vision  is  circumscribed  within  the  limits  of  a  few 
feet  or  inches;  and,  had  we  never  perceived  ob- 
jects through  an  organ  in  the  same  state  of  per- 
fection as  that  with  which  we  are  furnished,  we 
could  have  formed  as  little  conception  of  the  sub- 
limity and  extent  of  our  present  range  of  sight, 
as  we  can  now  do  of  those  powers  of  vision  which 
would  enable  us  to  descry  the  inhabitants  of  dis- 
tant worlds.  The  invention  of  the  telescope 
shows,  that  the  penetrating  power  of  the  eye  may 
be  indefinitely  increased;  and,  since  the  art  of 
man  can  extend  the  limits  of  natural  vision,  it  is 
easy  to  conceive,  that,  in  the  hand  of  Omnipo- 
tence, a  slight  modification  of  the  human  eye 
might  enable  it,  with  the  utmost  distinctness,  to 
penetrate  into  regions  to  which  the  imagination 
can  set  no  bounds.  And  therefore  it  is  not  un- 
reasonable to  believe,  that,  in  the  future  world, 
this  will  be  one  property,  among  others,  of  the 
resurrection-hody,  that  it  will  be  furnished  with 
organs  of  vision  far  superior  to  the  present,  in 
order  to  qualify  its  intelligent  inhabitant  for  tak- 
ing an  ample  survey  of  the  " riches  and  glory" 
of  the  empire  of  God. 

I  have  dwelt  somewhat  particularly  on  the 
functions  of  the  eye,  in  order  to  show,  that  if  is 
only  when  we  take  a  minute  inspection  of  the 
operations  of  the  Creator,  that  his  Infinite  Wis- 
dom and  Intelligence  are  most  distinctly  perceiv- 
ed. The  greater  part  of  Christians  will  readily 
admit,  that  the  Wisdom  of  God  is  manifested  in 
every  object;  but  few  of  them  take  the  trouble  to 
inquire,  in  n-hat  particular  contrivances  and  ad- 
aptations this  wisdom  is  displayed;  and,  there- 
foi'e,  rest  satisfied  with  vague  and  general  views, 
which  seldom  produce  any  deep  impression  on 
the  mind.  "  The  works  of  the  Lord,"  which  are 
"  great"  and  admirable,  "must  be  sought  out  by 
all  those  who  have  pleasure  therein;"  and  the 
more  miuutely  they  are  inspected,  the  more  ex- 
quisite and  admirable  do  all  his  arrangements 
appear. 

Were  wo  to  enter  into  an  investigation  of  the 
visual  organs  of  the  lower  animals,  and  to  consider 
the  numerous  varieties  which  occur  in  their  struc- 
ture, position,  and  movements,  and  how  nicely  the 
peculiar  organization  of  the  eye  is  adapted  to  the 
general  structure  of  the  animal,  and  to  its  various 
necessities  and  modes  of  existence — the  operation 
of  the  same  inscrutable  Wisdom  and  Intelligence 
would  meet  our  eye  at  every  step.  Birds,  for  ex- 
ample, which  procure  their  food  by  their  beak, 
have  the  power  of  seeing  distinctly  at  a  very 
small  distance;  and,  as  their  rapid  motions  through 
the  air  renders  it  necessary  that  they  shoud  descry 
ebjects  at  a  considerable  distance,  they  have  two 
peculiar  mechanical  contrivances,  connected  with 
{heir  organs  of  vision,  for  producing  both  these 
«fFects.  One  of  these  contrivances  consists  in  a 
flexible  rim,  formed  of  bone,  which  surrounds  the 
broadest  part  of  the  eye;  and,  by  occasionally 
piessing  upon  its  orb,  shortens  its  focal  distance, 


and  thus  enables  it  to  inspect  very  near  objects. 
The  other  consists  of  a  peculiar  .muscle,  which 
draws  back,  as  occasion  requires,  the  crystalline 
humor,  by  which  means  it  can  take  a  distinct 
view  of  a  distant  landscape,  and  can  pass  from 
the  sight  of  a  very  near  to  the  sight  of  a  distant 
object,  with  rapi.iity  and  ease.  In  fishes,  which 
live  in  a  medium  of  a  different  refractive  power 
from  that  of  air,  the  crystalline  humor  has  a 
greater  degree  of  convexity,  and  more  nearly  ap- 
proaches to  a  globular  form  than  that  of  land  ani- 
mals— which  conformation  is  essentially  requisite 
to  distinctness  of  vision  in  the  watery  element. 
A  fish,  of  course,  cannot  see  distinctly  in  air,  nor 
a  quadruped  under  water;  and  every  person  wlio 
has  dived  into  the  water  with  his  eyes  open,  knows 
that  though  he  may  perceive  the  general  forms 
and  colors  of  objects,  his  vision  is  obscure  and  in- 
distinct.— In  hares  and  rabbits,  the  eyes  are  very 
convex  and  prominent,  so  that  they  can  see  nearly 
quite  round  them;  whereas,  in  dogs,  which  pur- 
sue these  animals,  •the  visual  organs  are  placed 
more  in  tlie  front  of  the  head,  to  look  rather  be- 
fore than  behind  them. — Some  animals,  as  cats 
and  owls,  which  pursue  their  prey  in  the  dark, 
have  the  pupil  of  their  eye  so  formed  as  to  be  ca- 
pable of  great  expansion,  so  that  a  few  rays  of 
light  may  make  a  lively  impression  on  their 
retina;  while  the  eagle,  which  is  able  to  look 
(iireclly  at  the  sun,  has  its  pupil  capable  of  being 
contracted  almost  to  a  point.-^Insects,  such  as  the 
beetle,  the  JItj,  and  the  butterfly,  whose  eyes  are 
incapable  of  motion,  have  several  thousands  of 
small  transparent  globes,  set  in  a  convex  hemi- 
sphere, every  one  of  which  is  capable  of  forming 
an  image  of  an  object;  so  that  they  are  enabled  to 
view  the  objects  around  them  without  moving 
their  heads. — But  it  would  be  beyond  the  limits 
of  my  plan  to  prosecute  this  subject  any  further: 
enough  has  already  been  stated,  to  show  that  the 
eyes  of  men  and  of  other  animals  are  master- 
pieces of  art,  which  far  transcend  the  human 
understanding;  and  that  they  demonstrate  the 
consummate  wisdom  of  Him  who  planned  and 
constructed  the  organical  functions  of  the  vari- 
ous tribes  of  animated  existence. 

I  shall  conclude  this  branch  of  my  subject,  by 
presenting  an  instance  or  two  of  the  mechanism  of 
the  bones,  and  the  movements  it  is  fitted  to  pro- 
duce. 

The  bones  of  the  human  frame  are  articulated, 
or  connected  together  in  different  ways,  but  most 
frequently  in  the  following  manner: — Either,  first, 
a  hone  with  a  round  head  is  articulated  with  a 
cavity,  and  plays  with  it  as  a  ball  in  the  socket; 
or,  second,  they  are  connected  together  by  a  hinge- 
like articulation,  which  enables  a  bone  to  move  up 
or  down,  backward  or  forward,  like  a  door  upcJu 
its  hinges.  An  id'ea  of  these  two  motions,  and 
the  purposes  they  serve,  may  be  obtained,  by  con- 
sidering the  construction  of  the  pedestal  of  a  tele- 
scope, and  the  joints  on  which  it  moves.  One  of 
the  joints  is  of  the  nature  of  a  hinge,  by  which  a 
vertical  motion,  or  a  motion  upward  and  down- 
ward, is  produced.  A  horizontal  motion,  or  a 
motion  toward  the  right  hand  or  the  left,  is  pro- 
duced by  a  pivot  moving  in  a  socket;  so  that,  by 
these  two  motions,  the  telescope  can  be  made  to 
point  in  any  direction.  Such  is  the  nature  of  the 
articulations  in  the  bones,  and  the  movements 
they  produce;  and  whenever  one  or  other  of  these 
motions,  or  both  of  them  combined,  is  requisite 
for  the  comfort  and  convenience  of  the  individual, 
such  a  power  of  motion  is  uniformly  found  to 
exist.  If  the  movement  of  a  joint  in  every  direc- 
tion would  in  any  particular  case  be  found  incon- 
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venient,  the  hinge-like  articulation  is  fixed  upon: 
but  if  a  motion  in  every  direction  is  required  for 
the  convenient  use  of  particular  members,  and 
for  the  variety  of  evolutions  which  a  sentient 
being  may  have  occasion  to  make,  the  bail  and 
socket  articulation  is  combined  with  the  former. 
For  example,  let  any  person  for  a  moment  con- 
sider the  joints  of  his  fingers,  and  compare  them 
with  the  joint  at  his  wrist,  where  the  hand  is  con- 
nected with  the  fore-arm.  If  he  hold  the  back  of 
his  liand  upward,  he  will  find  that  he  can  move 
his  fingers  upward  or  downward;  but  he  cannot 
turn  them  to  the  right  hand  or  to  tiie  left,  so  as  to 
make  them  descril)e  a  circular  motion.  He  will 
also  find  that  his  wrist  is  capable  of  a  similar 
movement,  so  that  the  hand  may  be  bent  in  a  ver- 
tical direction.  But,  in  addition  to  this  motion, 
it  is  also  capable  of  being  turned  in  a  horizontal 
direction,  or  from  one  side  to  another.  In  the 
former  case,  we  have  an  example  of  the  hinge 
articulation;  in  the  latter,  it  is  combined  with  an 
articulation  which  produces  nearly  the  same  etfect 
as  a  pivot  moving  in  a  socRet.  Now,  had  the 
joints  of  the  fingers  been  capable  of  the  same 
motions  as  the  wrist,  the  hand  would  have  lost  its 
firmness,  and  been  incapable  of  performing  a  varie- 
ty of  mechanical  operations  which  require  objects 
to  be  held  with  a  steady  grasp.  On  the  oilier 
band,  if  the  wrist  had  been  confined  to  a  vertical 
motion,  the  hand  would  have  been  incapable  of 
one  out  of  a  hundred  varied  movements  which  it 
can    now   perform  with  the  greatest   ease.*     In 


*  Tlie  liorizonlal  motion  of  the  wrist,  or  tliat  motion  by 
whii;h  the  palm  of  the  hand  is  alternately  tnrned  up  and 
down,  i<  prodnced  chiefly  by  the  motions  of  the  two  bones 
of  the  fore-nrm,  c;\lled  the  radius  and  the  iiliiii,  one  of 
which  is  articulated  to  the  humcrWyOT  bone  connected  with 
the  sliouider. — In  the  following  representation  (fij.  9),Cis 
the  humerus  or  shoulder  bone;  B  is  the  elljovv!  where  the  two 
bones  of  the  tore-arm  are  connected  with  the  humerus;  D  is 
the  radius,  wliicli  joins  the  wrist,  on  t)ie  side  where  the 
thumb  is,  and  1'"  the  jilna,  which  joins  the  wrist  on  the  side 
where  the  little  finder  is.  (n  fij.  10,  G  is  the  radius;  fig.  11, 
H  is  the  ulna.  The  ulna  has  a  hooked  process  marked  e, 
which  catches  round  the  lower  end  of  the  hunierns,  forming 
with  it  a  hinge  joint.  This  bone  projects  beyond  the  head 
of  the  humerus,  forming,  when  the  arm  is  bent,  the  [loint  of 
the  elbow.  Tlie  radius  has  a  small  round  head  B,  on  which 
it  turns,  without  any  motion  of  the  humerus — bound  to  the 
uhia  by  ligaments — and  as  the  bones  of  the  wrist  are  attach- 
ed to  the  lower  end  of  this  bone  alone,  and  not  to  the  nlna, 
— when  the  radius  revolves  the  whole  hand  turns  with  it. 
This  alternate  rolling  is  what  anatomists  call  pronation,  and 
supination.  Flexion  and  extension  of  the  arm  are  perfcrm- 
ed  by  means  of  the  nhia,  which  carries  the  radius  along 
with  it  in  all  its  movements.  While  the  larger  part  of  the 
ulna  is  above,  the  larger  part  of  the  radius  is  below,  so  th.at 
while  the  former  presents  a  large  surface  for  articulation  at 
the  elbow,  the  latter  does  the  same  at  ihe  wrist,  and  this  in- 
verse arrangement,  likewise,  contributes  to  the  uniform 
diameter  of  the  fore-arm.  While  the  fore-arm  is  thus  at- 
tached to  the  humerns,  the  radius  is  attached  to  the  wrist, 
so  that  when  we  turn  the  palm  of  the  hand  the  railius  rcdis 
on  the  ulna  by  the  help  of  a  groove  or  hollow  near  each  end 
of  the  bone,  carrying  the  hand  with  it.  So  admirable,  in 
deed,  is  this  contrivance,  that  both  motions  maybe  perform- 
ed at  the  same  time;  for  while  we  are  bendhig  the  arm,  we 
may  also  be  rotating  or  turning  it  upon  its  axis.  To  facili- 
tate these  motions,  a  tubercle  of  the  radius  plays  into  a 
socket  of  l!ie  ulna,  near  the  elbow,— while  near  the  wrist, 
the  radius  finds  the  socket,  and  the  ulna  the  tnbende. 

Nov/,  had  both  bones  been  joined  to  the  npper  arm  at  the 
elbow,  or  both  to  the  hand  at  the  wrist,  the  motions  now 
stated  could  not  have  been  accompli-hed.  The  first  bone 
was  to  be  at  liberty  at  one  end,  and  the  second  at  the  other, 
by  which  means  Ihe  two  motions  may  be  performe<l  together. 
The  l)one  which  carries  the  fore-arm  may  be  swinging  npon 
its  hinge  at  the  elbow,  at  the  very  time  that  the  other  bone 
which  carries  the  hand  may  be  turning  round  it  in  its 
grooves.  Had  there  been  only  a  single  bone  in  the  fore- 
arm, with  a  ball  and  socket  at  the  elbow,  it  might,  in  a  cer- 
tain degree,  have  accomplished  the  purpose  intended;  but 
in  this  case,  the  turning  of  the  hand  and  arm  would  have 
been  effected  by  a  comparativel)  slow  and  laborious  motion. 
Such  is  the  wonderful  care  and  accuracy  with  which  our 
All- Wise  and  Benevolent  Creator  has  contrived  and  adjusted 


this  case,  we  could  not  have  bored  a  hole  with  a 
gimlet,  cut  down  corn  with  a  sickle,  digged  the 
earth  with  a  spade,  sewed  clothes  with  tv  needle, 
tossed  up  a  ball,  or  turned  up  the  palm  of  tha 
hand,  for  any  of  the  useful  purposes  i$c  which 
that  motion  was  ordaiuel.  In  short,  without  tha 
rotatory  motion  of  the  wrist,  the  greater  part  of 
the  operations  connected  with  gardening,  agricuU 
ture,  cookery,  washing,  spinning,  weaving,  paint- 
ing, carving,  engraving,  building,  and  other  me- 
chanical arts,  could  not  be  performed;  and  such 
of  them  as  could  be  effected,  would  be  accom- 
plislied  only  with  the  greatest  inconvenience  and 
labor.  Any  person  may  convince  himself  of  this, 
by  holding  his  hand  in  a  horizontal  position,  and 
preventing  his  wrist  joint  from  turning  round, 
and  then  by  trying  what  operations  he  can  easily 
perform  without  the  rotatory  motion;  and  he/Will 
soon  perceive  with  what  exquisite  skill  the  nu- 
merous movements  of  our  animal  frames  have 
been  contrived  by  the  Great  Author  of  our  exls- 
tence.  In  each  hand  there  are  27  bones,  all  of 
which  are  essential  to  the  ditFerent  motions  we 
wish  to  perform.  Every  finger  is  composed  of 
three  bones,  connected  together  by  articulations, 
muscles,  and  ligaments.     If,  instead  of  three,  each 


every  minute  part  and  motion  connected  with  our  animal 
frame  to  subserve  our  convenience  and  pleasure.  No  one 
who  is  acq\iainted  with  the  minute  and  exquisite  mechanism 
of  the  human  body,  will  dare  to  call  in  question,  the  skill, 
the  design,  and  the  forethought  of  the  Great  Artificer  of 
that  wonderful  frame;  and  he  must  possess  a  cold  and  ut»- 
feeling  heart,  who  can  behold  with  apathy,  and  witi.out 
reverence  and  gratitude,  the  multitudinous  mass  of  splendid 
and  exquisite  contrivances  of  which  he  every  moment  feell 
the  jjleasure  and  advantage. 

Fig.  9. 
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In  the  human  hand,  in  particular,  we  perceive  an  instrn* 
ment  far  superior  to  that  of  any  similar  part  connected  with 
the  structure  of  the  lower  animals.  In  this  hand  we  per- 
ceive the  sensibilities  to  changes  of  temperature,  to  touch, 
and  to  motion,  combined  with  a  facility  in  the  joints  of  un- 
folding and  moving  in  every  possible  degree  and  direction, 
and  in  a  manner  inimitable  by  any  artifice  of  joints  and 
levers.  In  all  the  movements  of  human  beings,  it  is  the 
hand  that  guides  them  in  their  industry  and  mental  acquisi- 
tions. By  its  assistance  they  have  drained  unwholesome 
marshes — transformed  deserts  into  fruitful  fields — turned  the 
course  of  rivers — banked  out  the  headlong  sea — cleared  the 
thickest  forests,  and  caused  cities,  temples,  and  palaces  to 
arise  where  the  wild  beasts  of  the  forests  formerly  roamed 
at  large.  In  short,  by  this  instrument  Man  has  been  ena^ 
bled  to  prosecute  his  course  along  pathless  oceans  and 
through  the  region  of  the  clouds — to  measure  time  and 
space — to  investigate  the  wonders  of  the  earth  and  of  the 
heavens,  and  to  promote  his  progress  toward  intellectual 
perfection, — and,  without  it,  scarcely  any  science  or  de- 
partment of  human  knowledge  could  be  acquired  or  cultiva- 
ted— sujiposing  the  whole  human  race  to  have  been  desti- 
tute of  this  instrument. 


MECHANISM   OF  THE  BONES. 


45 


Snger  wore  composed  of  only  one  bone,  it  would 
be  quite  impossible  for  us  to  grasp  a  single  object. 

The  same  admirable  contrivance  may  be  per- 
ceived in  the  movements  of  which  the  head  is 
susceptible.  It  was  requisite,  in  order  to  our 
convenience  and  comfort,  that  we  should  be  ena- 
bled to  move  our  head  backward  or  forward — to 
look  up  toward  the  heavens,  or  downward  to  the 
ground.  It  was  also  expedient  that  it  should  have 
B  power  of  turning  to  the  right  or  to  the  left,  so 
as  to  take  in  a  considerable  portion  of  a  circle, 
without  being  under  the  necessity  of  turning 
round  the  whole  body.  Accordingly  we  find  that 
both  these  motions  are  provided  for,  in  the  man- 
ner in  which  the  head  is  connected  with  the 
certcbrcB.  The  head  rests  upon  the  uppermost  of 
these  bones,  to  which  it  is  connected  by  a  hinge 
joint,  similar  to  those  in  the  fingers,  which 
allows  it  to  move  backward  and  forward;  and  by 
means  of  a  round,  loagish  process,  or  projection, 
which  moves  in  a  socket,  it  is  enabled  to  move 
horizontally,  as  upon  an  axia  Had  the  first  mo- 
tion been  wanting,  we  could  not  have  looked  up 
to  the  zenith,  without  lying  flat  on  our  back;  nor 
could  we  have  looked  to  the  ground,  without 
placing  our  bodies  in  a  prone  position;  and,  in 
such  a  case,  we  could  never  have  seen  our  own 
feet,  unless  when  they  were  bent  considerably 
forward.  Had  the  second  motion  been  wanting, 
we  could  have  looked  to  nothing,  except  the  ob- 
jects directly  before  us,  without  the  trouble  of 
turning  round  the  whole  body,  either  to  tlic  right 
or  to  tiie  left.  But,  in  the  construction  of  our 
corporeal  system,  everything  is  so  arranged  and 
adapted  to  another,  as  at  once  to  contribute  to 
ease  and  facility  of  motion,  in  all  tlie  varied 
operations  and  movements  we  have  occasion  to 
pi!rfo~rm;  which  circumstance  forcibly  demon- 
strates both  the  benevolent  intentions  and  the 
admirable  wisdom  of  Him  "  whose  han,is  have 
made  and  fashioned  us,"  and  who  "  breathed  into 
our  nostrils  the  breath  of  life." 

The  above  are  only  two  or  three  out  of  a  hun- 
dred of  similar  instances,  which  might  be  pro- 
duced to  show  the  benevolent  care  which  has  been 
exercised  in  arranging  and  articulating  the  system 
of  bones  of  which  the  propwork  of  the  human 
frame  is  composed.  Were  we  to  enter  into  an  inves- 
tigation of  the  actions  and  uses  of  the  various 
muscles,  the  wonderful  system  of  veins  and  arte- 
ries, the  action  of  the  heart,  stomach,  and  bowels; 
the  process  of  respiration,  and  insensible  perspira- 
tion, and  the  system  of  nerves,  glands,  lymphatics, 
and  lacteals — a  thousand  instances  of  Divine  wis- 
dom and  beneficence  would  crowd  upon  our 
view,  which  could  not  fail  to  excite  the  pious 
and  contemplative  mind  to  join  in  the  devotions 
of  the  "sweet  singer  of  Israel;"' — "I  will  praise 
thee;  for  I  am  fearfully  and  wonderfully  made: 
marvelous  are  thy  works,  and  that  my  soul 
knoweth  right  well  '  — But  as  I  Intended  to  pre- 
sent only  a  few  specimens  of  the  Wisdom  of  God, 
as  displayed  in  the  construction  of  the  material 
world,  I  shall  concluiie  this  department  of  my 
subiect  with  a  single  reflection.* 

How  foolish  and  ungrateful  is  it  for  rational  be- 
ings to  overlook  the  wise  and  benevolent  arrange- 


*  Those  who  wish  to  prosecute  this  snbjecl,  particularly 
that  part  of  it  which  relates  to  the  oontrivsnces  of"  Divine 
W'isilom  which  appear  in  the  animal  system,  will  find 
ample  {rratification  in  Nienwentyt's  "  Religions  Itiiloso- 
pher,"  Vol.  I,  Bell's  BiUljewater  Treatise  on  "  The  H.Tn(i," 
and  Dr.  P;iley's  "  N'aturat  TBC^tiogy."  A  variety  oi'nsefnl  re- 
marks on  this  snliject  will  aiso  be  found  in  "  Ray's  Wisdom 
of  God  in  the  Creation,"  Derhain's  "  Ph  'sico-TheoIogy," 
and  Bonnet's  '•  Contemplation  ol'Nilure  " 


ments  of  the  Creator,  in  the  matenal  vniversc 
How  many  thousands  of  human  beings  pass  their 
existence  without  once  reflecting  on  the  nume- 
rous evidences  of  Divine  Wisdom  and  Beneficence 
which  appear  around  them,  or  feeling  the  least 
spark  of  gratitude  for  their  preservation  and  com- 
forts, to  that  Being  "in  whose  hand  their  breath 
is,  and  whose  are  all  their  ways!"  Yea,  how 
many  are  there  who  consider  themselves  as  stand- 
ing high  in  the  ranks  of  the  Christian  profession, 
who  affect  to  look  down  with  a  certain  degree  of 
contempt  on  the  study  of  the  material  works  of 
God,  as  if  it  were  too  gross  a  subject  for  their 
spiritual  attainments!  They  profess  to  trace  the 
wisdom  of  God  in  the  Scriptures,  and  to  feel  gra- 
titude for  his  pardoning  mercy;  but  they  seldom 
fi-el  that  gratitude  which  they  ought  to  do  for 
those  admirable  arrangements  in  their  own  bodies, 
and  in  the  elements  around  them,  by  which  their 
lives  are  preserved,  and  their  happiness  [>ronioted; 
and  even  seem  to  insinuate  that  they  have  little 
or  nothing  to  do  with  the  contrivances  of  the  God 
of  Nature.  They  leave  it  to  the  genius  of  infidel 
philosophers  to  trace  the  articulation  of  the  bones, 
the  branchings  of  the  veins  and  arteries,  the  pro- 
perties of  light,  and  the  composition  of  the  atmo- 
sphere, while  they  profess  to  feast  their  minds  on 
more  sublime  and  spiritual  entertainments.  But 
surely  such  astonishing  displays  of  the  wisdom 
and  benignity  of  the  Most  High,  as  creation  ex- 
hibits, were  never  intended  to  be  treated  by  hia 
intelligent  offspring  with  apathy  or  indifference; 
and  to  do  so  must  indicate  a  certain  degree  of 
base  ingratitude  toward  Him  whose  incessant 
energy  sustains  the  whole  assemblage  of  sentient 
and  intelligent  beings,  and  who  disjilays  himself, 
ill  their  construction  and  preservation,  to  be  "won- 
derful in  counsel  and  excellent  in  working." 
Shall  we  imagine,  that  because  God  stands  in  the 
gracious  relation  of  our  Redeemer,  he  has  ceased 
to  stand  in  the  relation  of  our  Creator  and  Pre- 
server? Or  shall  we  consider  tliose  subjects  as 
unworthy  of  our  attention,  which  are  the  theme 
of  the  praises  of  the  heavenly  host?*  Can  we 
suppose  that  the  Almighty  displayed  his  infinite 
wisdom  in  the  curious  organization  of  the  human 
eye,  that  man — the  only  being  in  this  world  who 
is  endowed  with  faculties  ca])able  of  appreciating 
i!s  structure,  and  for  whose  use  and  ontcrtain- 
meiit  it  was  intended — should  overlook  such  a 
wonderful  piece  of  Divine  workmanship,  and  feel 
no  gratitude  for  the  bestowment  of  so  admirable  a 
gift?  Shall  we  extol  the  ingenuity  displayed  in  a 
clock  or  a  watch,  in  a  chess-player,  or  a  steam- 
engine,  and  shall  we  feel  no  sentiment  of  admira- 
tion at  the  view  of  millions  of  instances  of  Divine 
mechanism,  which  infinitely  transcend  the  powers 
of  the  human  understanding?  To  act  in  this 
manner,  as  too  many  are  disposed  to  do,  is  uu- 
worth)'  of  man,  both  as  a  Christian  and  as  au 
intelligent  agent.  Such  was  not  the  conduct  of 
the  inspired  writers;  their  spirituality  of  views  did 
not  lead  them  to  neglect  the  contemplation  of 
anij  of  the  works  of  God.  "  I  will  meditate  on  all 
thy  works,"  says  the  Psalmist,  "and  talk  of  all 
thy  doings;  I  will  utter  abundantly  the  memory 
of'thy  great  goodness,  and  speak  of  all  thy  won- 
drous works."  Accordingly  we  find,  that  the 
wonders  of  the  human  frame,  the  economy  of  the 
animal  and  the  vegetable  tribes,  the  scenery  of 
the  "dry  land,"  aiad  of  the  "mighty  deep,"  and 
the  glories  of  the  heavens,  were  the  frequent  sub- 
jects of  their  devout  contemplation.     They  coa- 
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sidered  tliem  in  relation  to  the  unceasing  agency 
of  God,  by  whom  they  were  formed  and  arranged, 
and  as  declaring  his  Wisdom,  Goodness,  and 
Oinni|)otence;  and  vvitli  this  vit'w  ought  all  the 
scenes  of  the  visible  creation  to  be  investigated  by 
his  intelligent  creatures. 

We  have  reason  to  believe  that  it  is  owing,  in 
part,  to  want  of  attention  to  the  Divine  wisiom 
and  beneficence,  as  exhibited  in  the  construction 
of  the  visible  world,  that  many  professi^d  Chris- 
tians entertain  so  vague  and  confused  i  leas  re- 
ppecting  the  wisdom  and  goodness  of  Deity,  as 
displayed  in  the  economy  of  Redemption.  The 
terms,  Wisdom,  Goodness,  and  Beneficence,  in 
their  mouths,  become  words  almost  without  mean- 
ing, to  which  no  precise  or  definite  ideas  are  at- 
tached; because  they  have  never  considered  the 
instances  and  the  evidences  of  these  attributes,  as 
displayed  in  the^  material  creation.  And  if  our 
minds  have  not  been  impressed  with  a  sense  of  the 
wisdom  and  beneficence  of  God,  iu  those  objects 
which  are  presented  to  the  external  senses,  we 
cannot  be  supposed  to  have  luminous  and  distinct 
ideas  of  those  spiritual  objects  and  arrangemjnts 
which  are  removed  beyond  tlie  sphere  of  our  cor- 
pore:d  organs.  For  all  our  ideas  in  relation  to 
Religion  and  its  objects,  are  primarily  derived 
from  the  intimations  we  receive  of  external  ob- 
jects, through  the  medium  of  our  senses;  and, 
conseq'asntly,  the  more  clearly  we  perceive  the 
agenc}^  of  God  in  his  visible  operations,  the  more 
.shall  we  be  qualified  to  perceive  the  wisdom  and 
ha;-mony  of  his  dispensations,  as  recorded  in  the 
volume  of  insjiiration. 

We  live  in  a  world,  all  the  arrangements  of 
which  are  the  effects  of  infinite  wisvlom.  We  are 
surrounded  with  wonders  on  every  hand;  and 
therefore  we  cease  to  admire,  or  to  fix  our  atten- 
tion on  any  one  of  the  wondei's  daily  performed 
by  God.  We  have  never  been  accustomed  to 
contemplate,  or  to  inhabit  a  world  where  benevo- 
lence and  wisdom  are  not  displayed;  and  there- 
fore we  are  apt  to  imagine  that  the  circumstances 
of  our  terrestrial  existence  could  not  have  been 
much  otherwise  than  they  actually  are.  We  be- 
hold the  sun  in  the  morning  ascending  from  the 
east — a  thousand  shining  globes  are  seen  in  the 
canopy  of  the  sky  when  he  has  disappeared  in  the 
west.  We  open  our  eyelids,  and  the  myriads 
of  objects  which  compose  an  extensive  landscape 
are  in  a  moment  painted  on  our  retina, — we  wish 
to  move  our  bodies,  and  in  an  instant  the  joints 
and  muscles  of  our  hands  and  feet  perform  their 
several  fuiictions.  We  spread  out  our  wet  clothes 
to  dry,  and  in  a  few  hours  the  moisture  is  evapo- 
rated. We  behold  the  fields  drenched  with  rain, 
and  in  a  few  days  it  disappears  and  is  dispersed 
through  the  surrounding  atmosphere,  to  be  again 
embodied  into  clouds.  These  are  all  common  ope- 
rations, and  therefore  thoughtless  and  ungrateful 
man  seldom  considers  the  obligations  he  is  under 
to  the  Author  of  his  existence,  for  the  numerous 
enjoyments  which  flow  from  these  wise  arrange- 
ments. But  were  the  globe  we  inhabit,  and  all 
its  appendages,  to  remain  in  their  present  state — 
and  were  only  the  principle  of  evaporation  and 
the  refractive  and  reflective  properties  of  the  air  to 
be  destroyed — we  should  soon  feel,  by  the  univer- 
eal  gloom  which  would  ensue,  and  by  a  thousand 
other  inconveuienc3s  we  should  suffer,  what  a 
miserable  woi-Id  was  allotted  for  our  abode.  We 
should  most  sensibly  perceive  the  wisdom  and  good- 
ness we  had  formerly  overlooked,  and  would  most 
ardently  imtdore  the  restoration  of  those  arrange- 
ments for  which  we  were  never  sufficiently  grate- 
ful.    And  why  should  we  not  now — while  we  en- 


joy so  many  comforts  flowing  from  the  plans  of 
Iniiuite  Wisdom — have  our  attention  di.'cted  to 
the  benevolent  contrivances  within  us  and  around 
us,  in  order  that  gratefid  emotions  may  h>:  hourly 
arising  in  our  hearts  to  the  Father  of  our  spirits? 
For  the  essence  of  true  religion  consists  chiefly 
in  gratitude  to  the  God  of  our  life,  and  the  Au- 
thor of  our  salvation;  and  every  pleasing  sensa- 
tion we  f.'el  from  the  harmonies  and  the  beauties 
of  nature,  ought  to  inspire  us  with  this  sacred 
emotion. — "  Hearken  unto  this,  0  man!  stand  still 
and  consider  the  wonderful  works  of  God.  Con- 
template the  balancings  of  the  clouds,  the  won- 
drous works  of  Him  who  is  perfect  in  knowledge." 
"  He  hath  made  the  earth  by  his  power,  he  hath 
estal)li3lipd  the  world  by  his  wisdom.  When  ha 
uttereth  his  voice,  there  is  a  noise  of  watery  in  the 
heavens;  he  causeth  the  vapors  to  ascend  from 
the  ends  of  the  earth,  and  bringeth  the  winds  out 
of  his  treasuries."  While  it  is  shameful  for  man 
to  be  inattentive  to  the  wonders  which  surround 
him,  what  can  be  more  pleasing  and  congenial  to 
a  rational  and  devout  mind  than  contemplations  on 
the  works  of  the  Most  High?  "What  can  bo 
more  gratifying,"  says  Sturm,  "  than  to  contem- 
plate in  the  heavens,  in  the  earth,  in  the  water,  in 
the  night  and  day,  and,  indeed,  throughout  all 
nature,  the  proofs  which  they  afford  of  the  wis- 
dom and  purity,  and  the  goodness  of  our  great 
Creator  and  Pre.«erverl  What  can  be  more  de- 
lightful than  to  recognize,  in  the  whole  creation, 
in  all  the  natural  world,  in  everything  we  see, 
traces  of  the  ever-working  providence  and  tender 
mercy  of  the  great  Father  of  all." 


SECTION    IV. 

0.\  THE  GOODNESS  OR  BENEVOLENCE  OF  THE  DEITT 

The  benevolence  of  Gnd  is  that  perfection  of 
his  nature,  by  which  he  communicates  happiness 
to  the  various  ranks  of  sensitive  and  intelligent 
existence. 

The  system  of.  Nature,  in  all  its  parts,  exhibits 
an  unbounded  display  of  this  attribute  of  the 
Divine  Mind,  both  in  relation  to  man,  and  in 
relation  to  the  subordinate  tribes  of  animated 
existence.  In  relation  to  Man — the  magnificence 
and  glory  of  the  heavens — the  variegated  coloring 
which  is  spread  over  the  scene  of  nature — the 
beautiful  flowers,  shrubs,  and  trees,  with  which 
the  earth  is  adorned,  vi^hich  not  only  delight  the 
eye,  but  perfume  the  air  with  their  delicious  odors 
— the  various  kinds  of  agreeable  sounds  that 
charm  the  ear — the  music  of  the  feathered  songs- 
ters, which  fill  the  groves  with  their  melody — 
the  thousands  of  pleasant  images  which  delight 
the  eye,  in  the  natural  embellishments  of  crea- 
tion— the  agreeable  feelings  produced  by  the  con- 
tact of  almost  everything  we  have  occasion  to 
touch — the  pleasure  attached  to  eating,  drinking, 
muscular  fliotion,  and  activity — the  luxurinnt 
profusion  and  rich  variety  of  aliments  which  the 
earth  affords — and  the  interchanges  of  thought 
and  affection — all  proclaim  the  Benevolence  of 
our  Almighty  Maker,  and  show,  that  the  com- 
munication of  happiness  is  one  grand  object  of  all 
his  arrangements.  For  these  circumstances  ara 
not  essentially  requisite  to  our  existence.  We 
might  have  lived  and  breathed,  and  walked, 
though  everything  we  touched  had  produced 
pain;  though  everything  we  ate  and  drank  had 
been  bitter;  though  every  movement  of  our  hands 
and  feet  had  been  accompanied  with  uneasiness 
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and  fatigue;  though  ev^ery  souml  had  been  as 
harsli  ;is  the  saw  of  the  curiieiiter;  though  no 
birds  had  warbled  in  the  groves;  though  no  flow- 
ers had  (IfckiHi  thf"  fields,  or  tilled  the  air  with 
their  jterfuines;  though  one  unvaried  scene  of  dull 
uniformity  had  prevailed,  and  beauty  and  siib- 
li:nity  had  been  swept  from  the  face  of  nature; 
though  the  earth  had  been  covered  with  a  mantle 
of  black,  and  no  radiant  orbs  liad  appeared  in 
our  nocturnal  sky.  But  what  a  miserable  world 
eiioiild  we  then  have  inhabited,  compared  with 
that  which  we  now  poRsessI  Life  would  have 
passed  away  witiiout  enjoyment,  and  pain  would 
have  overbalanced  the  pleasures  of  existence. 
Whereas,  in  the  existing  constitution  of  things, 
all  the  objects  around  us,  and  every  sense  of 
which  we  are  possessed,  when  i>reservcd  in  its 
natural  vigor,  have  a  direct  tendency  to  produce 
pleasing  sensations,  and  to  contribute  to  our  en- 
joyment: and  it  is  chiefly  when  we  indulge  in 
foolish  auvi  depraved  passions,  and  commit  im- 
moral actions,  tiiat  the  benevolent  intentions  of 
the  Deity  are  frustrated,  and  pain  and  misery 
produced. 

Had  tiie  Creator  of  the  world  been  a  malevo- 
lent being,  and  possessed  of  infinite  power  and 
intelligence,  every  arrangement  of  nature  would 
have  been  almost  the  reverse  of  what  we  now  find 
it.  The  production  of  evil,  and  of  pain  in  sensi- 
tive beings,  would  have  been  the  aim  of  the  con- 
triver in  all  his  operations  and  allotments.  Ail 
design  in  the  frame  of  the  universe,  and  all  that 
wl;dom  and  intelligence  which  we  now  admire  in 
the  ada])tations  of  the  parts  and  functions  of  ani- 
mals to  their  necessities  and  to  the  constitution  of 
nature  arOuiid  them — we  should  have  dreaded  as 
contrivances  to  produce  painful  sensations,  and  to 
render  tliera  acute  and  permanent.  Instead  of 
sase.  niid  enjoyment,  and  delight,  in  the  exercise 
of  our  functions  and  faculties — the  or^dnary  state 
of  the  lower  animals  and  of  human  beings  would 
have  been  astute  of  trouble,  disease,  dejection,  and 
anguish.  Every  breath  of  air  might  have  cut  us 
like  the  point  of  a  dagger,  or  produced  a  pain  like 
tliat  of  swallowing  aquafortis  or  sulphuric  acid.* 
Every  touch  might  have  been  felt  like  the  sting 
of  a  nettle,  or  like  the  rubbing  of  salt  upon  a  fes- 
tering wound.  Every  taste  would  have  been  bit- 
ter as  gall  and  wormwood,  and  every  sound  harsh 
and  diss(  naiit,  cr  as  a  hideous  sci'eam.  All  our 
senses,  instead  of  being  the  sources  of  pleasure, 
as  the}' now  are,  would  have  been  the  instruments 
of  ])ain  and  torture.  The  lower  animals,  instead 
of  niii;isterii!g  to  our  delight  and  necessities, 
would  have  been  formed  so  as  to  torment,  to  ha- 
riss,  and  annoy  us.  The  cow  and  the  goat  would 
have  aflorded  us  no  milk,  nor  the  bee  its  lioney, 
nor  would  tl'.e  birds  of  the  air  have  charmed  us 
with  tiieir  music.  Dismal  and  haggard  objects 
would  have  been  strewed  over  the  whole  face  of 
creation,  and  all  would  have  appeared  a  melan- 
choly gifiom,  without  'beauty  or  variety.  The 
fields  would  have  wanted  their  delightful  verdure, 
their  diversified  aspect,  and  the  beautiful  flowers 
vrith  wliich  they  are  now  adorned.  The  fire  miglit 
have  scorched  without  warming  us,  and  water, 
ir.ilead  of  refreshing  us,  might  have  produced  in- 
tderalile  pain.  The  light  might  have  been  with- 
out color;  it  might  have  dazzled  instead  of  cheer- 
ing UP,  and  prevented  distant  objects  from  being 
perceived.     Our  eye-balls  might  have  wanted  the 

*  Sulpluiric  Mcid  consists  of  7.i  parts  oxygen,  and  2.5  parts 
nitro.^ni,  wtiich  form  the  constituent  parts  of  the  .nir  we 
breathe,  only  in  a  ilifferent  proportion.  Were  this  propor- 
tion materially  altered,  we  should  fee!  the  most  excruciating 
pain  in  aJfemptinn;  to  breathe  it  in  some  of  its  combinations. 
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muscles  which  now  enable  them  to  move  with 
ease  in  every  direction,  and  every  ray  of  light 
might  have  affected  them  with  pain.  The  ground 
might  liave  been  formed  so  «oft  and  yielding,  that 
at  every  step  we  should  have  sunk  like  persons 
walking  in  a  quagmire. — In  short,  our  imagina- 
tioHS,  in  such  a  case,  would  have  presented  to  us 
little  else  than  frightful  specters  and  objects  of 
terror  and  alarm, — and  our  minds  have  been  filled 
with  disinal  forebodings  and  dreadful  expectations. 
But,  every  arrangement  in  the  system  of  nature, 
as  it  is  now  constituted,  is  directly  the  reverse  of 
whtjj;  we  have  now  supposed.  And  this  consider- 
ation demonstrates,  that  the  Great  Creator  of  the 
universe  is  the  God  of  Love,  whose  mercy  and 
benevdence  are  displayed  toward  every  rank  of 
sensitive  and  intelligent  existence,  and  these  at- 
tributes, we  are  assured,  will  never  cease  in  their 
operations,  so  long  as  the  universe  endures. 

If  we  consider,  further,  that  the  inexhaustible 
bounty  of  the  Creator,  and  the  numerous  pleasures 
we  enjoy,  are  bestowed  upon  a  guilty  race  of  men, 
the  Benevolence  of  the  Deity  will  appear  in  a  still 
more  striking  point  of  view.  Man  has  dared  ta 
rebel  against  his  maker;  he  is  a  depraved  and  un- 
grateful creature.  The  great  majority  of  our  raca 
have  banished  God  from  their  thoughts,  trampled 
upon  his  laws,  neglected  to  contemplate  his  works, 
refused  to  pay  him  that  tribute  of  reverence  and 
adoration  which  his  perfections  demand,  have  been 
ungrateful  for  his  favors,  have  blasphemed  his 
Ivame,  and  have  transferred  to  "  four-footed  beasts 
and  creeping  things,"  that  homage  which  is  due 
to  him  alone.  It  has  been  the  chief  part  of  their 
employment,  in  all  ages,  to  counteract  the  elTect» 
of  his  Beneficence,  by  inflicting  injustice,  op- 
pression, and  torture  upon  each  other;  by  maim* 
ing  the  huinan  frame,  burning  cities  and  villages, 
turning  fruitful  fields  into  a  wilderness,  and,  by 
every  other  act  of  violence,  carrying  death  and  de- 
struction through  the  world.  And  if  water,  air, 
and  the  light  of  heaven,  had  been  placed  within  the 
limits  of  their  control,  it  is  more  than  probable, 
that  whole  nations  would  have  been  occasionally 
deprived  of  these  elements,  so  essential  to  human 
existence.  Yet,  notwithstanding  the  prevalence 
of  such  depraved  dispositions,  the  streams  of  Di- 
vine benevolence  toward  our  apostate  race  have 
never  yet  been  interrupted.  The  earth  has  never 
stopped  in  its  career,  and  thrown  nature  into  a 
scene  of  confusion;  the  light  of  heaven  has  never 
ceased  to  illume  the  world;  the  springs  of  water 
have  never  been  dried  up,  nor  has  the  fertile  soi>. 
ceased  to  enrich  the  plains  with  golden  harvests. 
God  "  hath  not  left  himself  without  a  witness"  to 
his  beneficence,  in  any  age,  in  that  he  hath  un- 
ceasingly bestowed  on  the  inhabitants  of  tha 
world,  "rain  from  heaven,  and  fruitful  seasons, 
filling  their  hearts  with  food  and  gladness."  This 
is  one  of  the  characters  of  Deity  which  forms  the 
most  perfect  contrast  to  the  selfish  and  revengeful 
dispositions  of  man,  which  as  far  transcends  hu- 
man benevolence  as  the  heavens  in  extent  surpass 
the  earth — a  character  calculated  to  excite  our 
highest  love  and  admiration,  aiid  which  we  are 
called  upon,  in  the  Sacred  Oracles,  to  imitate  :  nd 
revere:  "  Be  ye  merciful,  as  your  Father  who  is  in 
heaven  is  merciful;  for  he  maketh  his  sun  to  riso 
on  the  evil  and  on  the  good,  and  sendeth  rain  on 
the  just  and  on  the  unjust."  "  0  that  men  would 
praise  the  Lord  for  his  goodness,  and  for  his  won- 
derful works  to  the  children  of  menl" 

From  such  considerations  we  learn,  even  from 
the  system  of  nature,  that  mercy  is  an  attribute 
of  the  Deity;  for  if  mercy  consists  in  bestowing 
favors  on  those  who  are  unworthy,  or  who  meri 
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punishmant,  the  greatest  sinners  in  all  ages  have 
shared  in  it,  and  every  iiidividiitil  of  the  human 
race,  now  existinjr,  enjoys  a  certain  portion  of 
those  comforts  wliicli  flow  from  the  benevolent 
arrangements  which  the  Creator  has  established: 
"  He  maketh  the  sun  to  rise  on  the  eoil  and  on  the 
good."  Though  the  nations  in  ancient  limes,  as 
well  as  at  present,  "  walked  in  their  own  ways," 
indulging  in  impiety,  falsehood,  lewdness,  war, 
devastations,  revenge,  abominable  idolatries,  and 
every  other  violation  of  his  law,  he  still  supported 
the  functions  of  their  animal  frames,  and  caused 
the  influences  of  the  sun,  the  rains,  and  the  dews,  to 
descend  upon  their  fields,  that  they  might  be  re- 
freshed with  his  bounty,  aiid  filled  "  with  food 
and  gladness."  If  mercy  were  not  an  essential 
attribute  of  the  Deity,  he  would  have  cut  them 
down  in  the  midst  of  their  first  transgressions, 
shattered  to  pieces  the  globe  on  which  tliey  dwelt, 
and  buried  them  in  eternal  oblivion.  Butwliether 
Divine  mercy  will  extend  to  the  final  forgiveness 
of  sin,  and  tlie  communication  of  eternal  happi- 
ness to  such  brings,  can  be  learned  only  from  the 
discoveries  of  revelation. 

In  relation  to  the  inferior  animals — the  immense 
multitud  '  of  living  creatures  with  which  the  earth 
is  replenished  is  a  striking  evidence  of  the  vast 
profusion  of  Divine  Beneficence.  More  than  a 
hundred  thousand  species  of  animated  beings  are 
dispersed  through  the  different  regions  of  the  air, 
the  water,  and  the  earth,  beside  myriads  which 
are  invisible  to  the  unassisted  eye.  To  estimate 
the  number  of  individuals  belonging  to  any  one 
Bpecies  is  beyond  the  power  of  man.  What  count- 
less myriads  of  herrings,  for  example,  are  con- 
tained in  a  single  shoal,  which  is  frequently  more 
than  six  miles  long,  and  three  miles  broad!  To 
estimate  the  number  of  individuals  in  all  the  dif- 
ferent species,  would  therefore  be  as  impossible  as 
to  count  the  grains  of  sanl  in  the  Arabian  des- 
erts. There  is  not  a  single  spot  in  any  region  of 
the  globe  but  what  teems  with  animated  beings. 
Yet  all  this  vast  assemblage  of  sensitive  existence 
Is  amply  provided  for  by  the  bountiful  Creator. 
"These  all  wait  upon  hiiu,  and  he  giveth  them 
their  meat  in  due  season."  They  enjoy  not  only 
life,  but  also  a  /(a/);)^  existence.  The  sportive  mo- 
tions and  gesticulations  of  all  the  animal  tribes — 
the  birds  skimming  through  the  air,  warbling  in 
the  groves,  and  percliing  on  the  trees — the  beasts  of 
the  fi  dd  bounding  in  the  forests  and  through  the 
lawns — the  fishes  sporting  in  the  waters — the  rep- 
tiles wriggling  in  the  dust — and  the  winged  in- 
Bects,  by  a  thousand  wanton  mazes — all  declare 
that  they  are  rejoicing  in  their  existence,  and  in 
the  exercise  of  those  powers  with  wliich  the  Cre- 
ator has  furnished  them.  So  that  wherever  we 
turn  our  eyes,  we  evidently  pcrcnve  that  "  the 
earth  is  full  of  the  goodness  of  the  Lord,"  and 
that  "  his  tender  mercies  are  overall  his  works." 

This  subject  is  boundless;  but  it  would  be  in- 
consistent with  the  limited  plan  of  this  work  to 
enter  into  any  particular  details.  And  it  is  the 
less  necessary,  wh^n  we  consider  that  every  in- 
stance of  Divine  Wisdom,  is  at  the  same  time,  an 
Instance  of  benevolence;  for  it  is  the  ultimate  ob- 
ject of  all  the  wise  contrivances  in  the  system  of 
Nature,  that  hnppiness  may  be  communicated  to 
the  various  ranks  of  sensitive  and  intelligent  ex- 
istence. Goodness  (jhooses  the  end,  and  wisdom 
selects  the  most  proper  means  for  its  accomplish- 
ment; so  that  tliese  two  attributes  must  always 
be  considered  in  sim\iltaneous  operation.  And 
therefore,  the  instances  I  have  already  specified  of 
the  wisdom  and  intelligence  of  the  Creator  may 
also  be   considered  as  exemplifications  of  Divine 


Benevolence.  I  shall  therefore  conclude  this  topic 
with  the  following  extract  from  Dk.  Paley: — 

"  Contrivance  proves  design;  and  the  prominent 
tendency  of  the  contrivance  indicates  the  disposi- 
tion of  the  designer.  The  world  abounds  with 
contrivances;  and  all  the  contrivances  we  are  ac- 
(juainted  with  are  directed  to  beneficial  purposes. 
Evil,  no  doubt,  exists;  but  it  is  never,  that  we  can 
perceiV(J,  the  object  of  contrivance.  Teeth  are 
contrived  to  eat,  not  to  ache;  their  aching  now 
and  then  is  incidental  to  the  contrivance,  perhaps 
inseparable  from  it;  or  even,  if  you  will,  let  it  be 
called  a  defect  in  the  contrivance,  but  it  is  not  the 
object  of  it.  This  is  a  distinction  that  well  de- 
serves to  be  attended  to.  In  describing  implements 
of  husbandry,  you  would  hardly  say  of  a  sickle, 
that  it  was  made  to  cut  the  reaper's  fingers,  though 
from  the  construction  of  the  instrument,  and  the 
manner  of  using  it,  this  mischief  often  happens 
But  if  you  had  occasion  to  describe  instruments 
of  torture  or  execution, — this,  you  would  say,  is 
to  extend  the  sinews;  this  to  dislocate  the  joints; 
this  to  break  the  bones;  this  to  scorch  the  soles  of 
the  feet.  Here  pain  and  misery  are  the  very  ob- 
jects of  the  contrivance.  Now,  nothing  of  this 
sort  is  to  be  found  in  the  works  of  Nature.  We 
never  discover  a  train  of  contrivance  to  bring 
about  an  evil  purpose.  No  anatomist  ever  disco- 
vered a  system  of  organization  calculated  to  pro- 
duce pain  and  disease;  or,  in  explaining  the  parts 
of  the  human  body,  ever  said,  this  is  to  irritate; 
this  to  inflame;  this  duct  is  to  convey  the  gravel 
to  the  kidneys;  this  gland  to  secrete  the  humor 
which  forms  the  gout.  If,  by  chance  he  come  at 
a  part  of  which  he  knows  not  the  use,  the  most 
he  can  say  is,  that  it  is  useless;  no  one  ever  sus- 
})ecls  that  it  is  put  there  to  incommode,  to  ;innoy, 
or  torment.  Since,  then,  God  hath  called  forth 
his  consummate  wisdom  to  contrive  and  provide 
for  our  happiness,  and  the  world  appears  to  have 
been  constituted  with  this  design  at  first,  so  long  as 
this  constitution  is  upheld  by  him,  we  must,  in 
reason,  suppose  the  same  design  to  continue."* 

Thus  I  have»endeavored,  in  this  and  the  pre- 
ceding section,  to  exhibit  a  few  specimens  of  the 
V\^isdom  and  Goodness  of  God  in  the  system  of 
nature.  These  might  have  been  multiplied  to  an 
indefinito  extent;  but  the  instances  adduced,  I 
presume,  are  sulficient  to  show,  that  tlie  economy 
of  the  material  world  is  not  altogether  a  barren 
subject  to  a  pious  and  contemplative  mind.  Every 
intelligent  believer  in  Revelation  will  readily  ad- 
mit, that  it  would  be  a  highly  desirable  object,  to 
induce  upon  the  mass  of  Christians  such  a  habit 
of  devout  attention  to  the  visible  works  of  crea- 
tion, as  would  lead  them,  in  their  social  and  soli- 
tary walks,  to  recognize  the  agency  of  God  in 
every  object  they  behold;  to  raise  their  tlioughts 
to  him  as  the  Great  First  Cause,  and  to  expand 
their  hearts  with  emotions  of  gratitude.  How 
very  different  must  be  the  sentiments  and  the 
piety  of  the  man  who  looks  on  the  scene  of  wis- 
dom and  magnificence  around  him  with  a  "brute 
unconscious  gaze,"  as  thousands  of  professed 
Christians  do — and  the  grateful  and  })ious  emo- 
tions of  him  who  recognizes  the  benevolent 
agency  of  God  in  the  motions  of  his  fingers  and 
eyeballs;  in  the  pulsation  of  his  heart;  in  the  pic- 
ture of  external  objects  every  moment  formed  on 
his  retina;  in  the  reflection  of  the  rays  of  light, 
and  the  diversified  colors  they  pro  kice;  in  tlia 
drying  of  his  clothes;  in  the  constitution  of  the 
atmosphere;  in  the  beauty  and  magnificence 
of  the  earth  and  the  heavens;  and  in  every  other 
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object  t'nat  meets  his  eye  in  the  expanse  of  nature!  I  an  "ever-present  Deity;"  and  I  envy  not  the 
The  numberless  astonishing  instances  of  Divine  sentiments  or  the  feelings  of  that  man,  who 
agency,  which  everywhere  present  themselves  to  imagines  that  he  stands  in  no  need  of  sucjli  sensi- 
our  view  in  the  scene  around  us,  seem  evidently  ble  mediums,  to  impress  liis  mind  with  a  seusa 
intended  to  arrest  the  mind  to  a  consideration  of     of  the  benevolent  care   and  omnipresence  of  God 


CHAPTER     II. 

CONTAINING  A  CURSORY  VIEW  OF  SOME   OF   THE  SCIENCES  WHICH  ARE  RE- 
LATED TO  RELIGION  AND  CHRISTIAN  THEOLOGY. 


Theology  has  generally  been  viewed  as  a  study 
of  a  very  limited  range:  and  hence,  when  it  has 
been  admitted  into  the  circle  of  the  sciences,  a 
much  smaller  space  has  been  allotted  for  its  dis- 
cussion than  has  been  devoted  to  almost  any  other 
department  of  human  knowledge.  When  consi- 
dered, liowever,  in  its  most  extensive  sense — in  its 
relations  to  the  Divine  Being — to  his  past  and  pre- 
sent dispensations  toward  the  human  race — to  the 
present  circumstances  and  the  future  destiny  of 
man — and  to  the  physical  and  moral  condition 
of  all  the  sentient  and  intelligent  beings  of  which 
we  have  any  intimation — it  ought  to  be  viewed 
as  the  most  varied  and  comprehensive  of  all  the 
sciences;  as  embracing,  within  its  extensive  grasp, 
all  the  other  departments  of  useful  knowledge 
both  human  and  divine.  As  it  has  God  for  its 
object,  it  must  include  a  knowledge  of  the  uni- 
verse he  has  formed — of  the  movements  which 
are  continually  going  on  throughout  the  wide 
extent  of  his  empire,  iti  so  far  as  they  lie  open  to 
our  iuspe(.tion — of  the  attributes  which  appear  to 
be  displayed  iu  all  his  operations — of  the  moral 
laws  Jie  has  framed  for  the  regulation  of  holy 
intelligences  —  of  the  merciful  arrangements  he 
has  made  for  the  restoration  of  fallen  man — of  the 
plans  by  which  tne  knowledge  of  his  will  is  to  be 
circulated  and  extended  in  the  world  in  wiiich  we 
live — of  the  means  bj'  which  truth,  and  moral 
purity,  and  order,  are  to  be  promoted  among  our 
apost.ite  race,  in  order  to  their  restoration  to  the 
liappiiiess  they  have  lost — together  with  all  those 
diversified  ramifications  of  knowledge,  which 
have  either  a  more  remote  or  a  more  immeiliate 
bearing  on  the  grand  objects  now  specified.  Like 
the  lines  which  proceed  from  the  circumfe- 
rence to  the  center  of  an  immense  circle — all  the 
vioral*  arts  and  sciences  which  have  been  invent- 
ed by  men — every  department  of  human  know- 
ledge, however  far  it  may,  at  first  sight,  appear  to 
be  removed  from  religion — may  be  considered  as 
having  a  direct  bearing  on  Theology,  as  the  grand 
central  point,  and  as  having  a  certain  tendency  to 
promote  its  important  objects. 

It  is  much  to  be  regretted,  that  Theology  has 
so  seldom  been  contemplated  in  this  point  of  view 
— and  that  the  sciences  have  been  considered 
rather  as  so  many  independent  branches  of  secu- 
lar knowledge,  than  as  subservient  to  the  elucida- 
tion of  the  facts  and  doctrines  of  religion,  and  to 
the  accomplishment  of  its  benevolent  designs. 
Hence  it  has  happened  that  Philosophy  and  Reli- 
gion, instead  of  marching  hand   in  hand  to  the 


*  The  epithet  moral  is  here  used  in  its  application  to  arts, 
because  there  are  certain  arts  which  must  be  considered  as 
having  an  immoral  tendency,  such  as  the  art  of"  war,  the  art 
of  boxing,  of  gambling,  etc.,  and  which,  therefore,  cannot 
bave  a  direct  tendency  to  promote  the  objects  of  religion. 


portals  of  immortality,  have  frequently  set  them- 
selves in  hostile  array;  and  combats  have  ensued 
equally  injurious  to  the  interests  of  both  parties. 
The  Philosopher  has  occasionally  been  disposed 
to  investigate  the  economy  of  Nature,  without  a 
reference  to  the  attributes  of  that  Almighty  Being 
who  presides  over  its  movements,  as  if  the  uni- 
verse were  a  self-moving  and  independent  ma- 
chine; and  has,  not  unfrequently,  taken  occasion, 
from  certain  obscure  and,  insulated  facts,  to  throw 
out  insinuations  hostile  to  the  truth  and  the  cha- 
racter of  the  Christian  Revelation.  The  Theolo- 
gian, on  the  other  hand,  in  the  heat  of  his  intem- 
perate zeal  against  the  infidel  philosopher,  has 
unguardedly,  been  led  to  declaim  against  the' 
study  of  science,  as  if  it  were  unfriendly  to  reli- 
gion—  has,  in  effect,  set  the  works  of  God  in 
opposition  to  his  word — has  confounded  the  fool- 
ish theories  of  speculative  minds  with  the  rational 
study  of  the  works  of  Deity — and  has  thus  pre- 
vented the  mass  of  mankind  from  expanding  their 
minds,  by  the  contemplation  of  the  beauties  and 
sublimities  of  nature. 

It  is  now  high  time  that  a  complete  reconcilia- 
tion were  effected  between,  these  contending  par- 
ties. Religion  ought  never  to  disdain  to  derive 
her  supports  and  illustrations  from  the  researches 
of  science;  for  the  investigations  of  philosophy 
into  the  economy  of  Nature,  from  whatever  mo- 
tives they  may  be  undertaken,  are  nothing  else 
than  an  inquiry  into  the  plans  and  operations  of 
the  Eternal  Mind.  And  Philosophy  ought  always 
to  consider  it  as  her  highest  honor  to  walk  as  a 
handmaid  in  the  traiu  of  that  religion  which 
points  out  the  path  to  the  regions  of  eternal  bliss. 
By  their  mutual  aiil,  and  the  subserviency  of  the 
one  to  the  other,  the  moral  and  intellectual  im- 
provement of  man  will  be  promoted,  and  the 
benevolent  purposes  of  God  in  the  kingdom  of 
providence,  gradually  accomplished.  Bui,  when 
set  in  opposition  to  each  other,  the  human  mind 
is  bewildered  and  retarded  in  its  progress,  and  the 
Deity  is  apt  to  be  considered  as  set  in  opposition 
to  himself — as  proclaiming  one  system  of  doc- 
trines from  the  economy  of  revelation,  and  an- 
other, and  an  opposite  system,  from  the  economy 
of  nature.  But  if  the  Christian  Revelation,  and 
the  system  of  the  material  world,  derived  their 
origin  from  the  same  Almighty  Being,  the  most 
com])lete  harmony  must  subsist  between  the  reve- 
lations they  respectfully  unfold;  and  the  apparent 
inconsistencies  which  occur,  must  be  owing 
chiefly  to  the  circumstances  of  our  present  station 
in  the  universe,  and  to  the  obscure  and  limited 
views  we  are  obliged  to  take  of  some  of  the  grand 
and  diversified  objects  they  embrace.  And  there- 
fore we  have  reason  to  believe,  that  when  the 
system  of  nature  shall  be  more  extensively  eai- 
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plored,  and  the  leading  objects  of  revelation  con- 
templated in  a  clearer  ligiit,  without  being  tinged 
with  the  false  coloring  of  party  opinions  and  con- 
tracted views,  and  whoa  rational  inquirers  shall 
conduct  their  researches  with  a  greater  degree  of 
reverence,  humility,  and  Christian  temper — the 
beauty  and  harmony  of  all  the  plans  and  revela- 
tions of  the  Deity,  in  reference  both  to  the  physi- 
cal and  the  moral  world,  will  be  more  distinctly 
perceived  and  appreciated. 

In  the  following  cursory  sketches,  it  forms  no 
part  of  my  plan  to  trace  even  an  outline  of  the 
diiFerent  sciences  which  are  connected  with  reli- 
gion, much  less  to  enter  into  any  particular  de- 
tails in  relation  to  their  facts  and  principles.  It 
would  be  comparatively  easy  to  fill  up  the  remain- 
ing sheets  of  this  volume  with  skeletons  of  the 
different  sciences;  but  such  meager  details  as  be- 
lieved to  be  brought  forward,  could  not  be  inte- 
resting to  the  general  reader,  and  would  fail  in 
accomplishing  the  objects  proposed.  My  design 
simply  is,  to  select  some  leading  facts,  or  general 
truths,  in  relation  to  some  of  the  physical  sci- 
ences, for  the  purpose  of  showing  their  connec- 
tion with  the  objects  of  religion,  and  the  interests 
of  rational  piety.  At  the  same  time,  such  definite 
descriptions  will  be  given  as  will  enable  common 
readers  to  appreciate  the  objects  and  bearings  of 
the  different  branches  of  knowledge  which  may 
be  presented  to  their  view. 

The  first  science*  I  shall  notice,  is  that  of 

NATURAL   HISTORY. 

This  science,  taken  in  its  most  comprehensive 
•ense,  includes  a  knowledge  and  description  of  all 
the  known  facts  in  the  material  universe. 

It  is  to  be  regretted,  that  most  books  published 
under  the  title  of  Natural  History,  to  which  com- 
mon readers  have  access,  contain  nothing  more 
than  a  general  description  of  animals,  as  if  this 
science  were  confined  merely  to  one  class  of  be- 
ings; whereas  there  is  an  infinite  variety  of  other 
objects  seldom  noticeii,  which  would  appear  no 
less  interesting,  and,  in  some  instances,  much 
more  novel  and  gratifying  to  the  general  reader, 
and  to  the  youthful  mind.  All  the  diversified 
forms  of  matter,  whether  existing  on  the  surface 
or  in  the  bowels  of  the  earth,  in  the  ocean,  the 
atmosphere,  or  in  tlie  heavens,  form  the  legiti- 
mate objects  of  this  department  of  the  science  of 
nature. 

Were  we,  therefore,  to  sketch  a  compr&hensivc 
outline  of  the  subjects  of  Natural  History,  we 
might,  in  the  first  place,  take  a  cursory  survey 
of  the  globe  we  inhabit,  in  reference  to  its  mag- 
nitude, figure,  motions,  and  general  arrangements 
— the  form,  relations,  and  extent  of  its  continents 
— the  numerous  islands  which  diversify  the  sur- 
face of  the  ocean — the  magnitude,  the  direction, 
and  the  extent  of  its  rivers,  and  the  quantity  of 
water  fhey  pour  into  the  ocean — the  direction, 
elevation,  and  extent  of  the  different  ranges  of 
mountains  which  rise  from  its  surface — the  plains, 
morasses,  lakes,  forests,  dells,  and  sandy  deserts, 
which  diversify  its  aspect — the  extent,  the  mo- 


•  The  term  science,  in  its  most  general  and  extensive 
sense,  signifies  knowledge,  particnlarly  that  species  of  know- 
ledge which  is  acquired  by  the  exertion  of  the  human  facul- 
ties. In  a  more  restricted  sense,  it  denotes  a  sijstematic 
ipecies  of  knowledge  which  consists  of  rule  and  order,  siicli 
as  Mathematics,  Astronomy,  Natural  Philosophy,  etc. — In 
the  discussions  contained  in  this  work,  it  is  used  in  its  most 
general  sense,  as  denolinf;  the  various  departments  of  hu- 
nan  knowledge;  in  wliicli  sense,  history,  both  natural,  civil, 
aad  sacred,  may  be  termed  science. 


tions,  the  color,  and  the  different  aspects  of  the 
ocean,  and  the  facts  which  have  been  ascertaiufd 
respecting  its  saltness,  its  depth,  its  bottom,  and 
its  different  currents.  We  might  next  take  a 
more  particular  view  of  some  of  the  most  re- 
markable objects  on  its  surface,  and  give  a  detail 
of  the  facts  which  are  known  respecting  the  his- 
tory of  volcanoes — their  number — the  countries 
in  which  they  are  situated — the  awful  phenomena 
they  exhibit — and  the  devastations  they  have  i>ro- 
duced — the  history  of  earthquakes,  their  pheno- 
mena and  effects,  and  the  countries  most  subject 
to  their  ravages — basaltic  and  rocky  wonders, 
natural  bridges,  precipices,  cataracts,  ice  islands, 
icebergs,  glaciers,  whirlpools,  mineral  wells,  reci 
procating  fountains,  boiling  springs,  sulphurio 
mountains,  bituminous  lakes,  volcanic  islands — 
the  various  aspects  of  nature  in  the  different 
zones,  and  the  contrasts  presented  between  thn 
verdant  scenes  of  tropical  climes,  and  the  icy 
cliffs  of  the  polar  regions.  We  would  next  take 
a  survey  of  the  subterraneous  wonders  which  lid 
beneath  the  surface  of  the  earth — the  immense 
chasms  and  caverns  which  wind  in  various  direc- 
tions among  the  interior  strata  of  our  globe — such 
as  the  great  Kentucky  cavern,  and  the  grotto  of 
Antiparos — the  mines  of  salt,  coal,  copper,  lead, 
diamond,  iron,  quicksilver,  tin,  gold,  and  silver — 
the  substances  which  comj>ose  the  various  strata, 
the  fossil  bones,  shells,  and  petrifactions  which 
are  imbedded  in  the  different  layers,  and  the  beiid- 
ings  and  disruptions  which  appear  to  have  taken 
place  in  the  substances  wliich  compose  the  exte- 
rior crust  of  the  earth.  We  might  next  survey 
the  atmosphere  with  which  the  earth  is  environed, 
and  give  a  detail  of  the  facts  which  have  been 
ascertained  respecting  its  specific  gravity  and 
pressure,  the  elementary  principles  with  which  it 
is  compounded,  its  refractive  and  reflective  pow- 
ers, and  the  phenomena  which  result  from  its 
various  properties  and  modifications — the  meteors 
which  ap])ear  in  its  different  regions — thunder 
and  lightning,  winds,  hail,  rain,  clouds,  rainbows, 
parhelias  or  mock-suns,  meteoric  stones,  the  au- 
rora borealis,  luminous  arches,  ignes  fatui,  the 
mirage,  the  fata  morgana,  hurricanes,  monsoons, 
whirlwinds  and  waterspouts,  sounds  and  echoes. 

In  prosecuting  our  survey  of  sublunary  nature, 
we  would  next  advert  to  the  various  orders  of  the 
vegetable  tribes — their  anatomical  structure — the 
circulation  of  their  juices — the  food  by  which 
tliey  are  nourished  —  the  influence  of  light  and 
air  on  their  growth  and  motionn — their  male  and 
female  organs — their  periods  of  longevity — their 
modes  of  propagation — their  diseases  and  dissolu- 
tion— tlieir  orders,  genera,  and  species — their  im- 
mense variety — their  influence  on  the  salubrity 
of  the  atmosphere  —  the  relation  which  their 
trunks,  roots,  leaves,  and  fruits,  bear  to  the  wants 
of  man  and  other  animals,  in  supplying  food, 
clothing,  and  materials  for  constructing  habita- 
tions—  the  gums  and  resinous  substances  they 
exude  —  the  odors  they  exhale  —  the  variety  of 
colors  they  exhibit — the  vast  diversity  of  forms 
in  which  they  appear  —  and  the  beauty  and  va- 
riety which  they  spread  over  the  whole  face  of 
nature. 

The  mineral  kingdom  would  next  require  to  be 
surveyed.  We  would  inquire  into  the  facts  which 
have  been  ascertained  respecting  the  earthy,  saline, 
injla.mmable,  and  metallic  substances,  which  are 
found  on  the  surface  and  in  the  bowels  of  the  earth 
— their  specific  and  distinguishing  characters — the 
elementary  principles,  or  simple  substances,  of 
which  they  are  composed  —  the  regions  of  the 
earth  where  the  respective   minerals   most   fra 
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quently  aljound — and  the  ends  which  they  are  de- 
signed to  accomplish  in  tlie  constitution  of  the 
glcibe.  Wc  Would  consider,  more  parlicularly, 
till!  various  metals,  such  as  iron,  copper,  lead,  tin, 
g(dd  silver,  liisiiiuth,  zinc,  etc.,  in  reference  to  the 
substances  with  which  they  are  united  in  their 
native  ores — tlie  changes  produced  upon  tliem  by 
the  action  of  oxygen  and  the  different  acids — 
their  coiuuustibiiily  —  their  combiuation  with 
phosphorus,  sulphur,  and  carbon  —  the  various 
compounds  into  which  they  may  be  formed  — 
their  important  uses  iu  the  arts  which  minister  to 
the  comfort  and  embellishment  of  human  life — 
their  relation  to  the  multifarious  necesivities  of 
man — and  the  wisdom  and  goodness  of  the  Crea- 
tor, as  displayed  iu  their  arrangement  in  the  bow- 
els of  the  earth,  and  in  the  admirable  properties 
of  which  they  are  possessed.  In  these  details,  the 
natural  history  of  Iron  would  hold  a  prominent 
place.  Iji  point  of  utility,  it  claims  the  highest 
rank  in  the  class  of  metals,  and  is  intrinsically 
more  valuable  than  gold  and  silver,  and  all  the 
diamonds  of  the  East.  There  is  scarcely  a  mine- 
ral substance  in  the  whole  compass  of  nature 
which  affords  a  more  striking  instance  of  the  bene- 
ficial and  harmonious  adaptation  of  things  in  the 
universal  system.  We  would,  therefore,  consider 
it  in  reference  to  its  vast  abundance  in  all  parts  of 
the  world — the  numerous  substances  into  which 
it  enters  into  combination — its  magnetical  pi'o- 
perty — its  capability  of  being  fused  and  welded — 
the  numi'.rous  useful  utensils  it  has  been  the 
means  of  producing — its  agency  in  carrying  for- 
ward improvements  iu  art  and  science,  in  the 
civilization  of  barbarous  tribes,  and  in  promoting 
the  progress  of  the  human  mind;  and  the  aids 
which  it  affords  to  the  Christian  missionary  in 
heathen  lands. 

II  iving  surveyed  the  inanimate  parts  of  the  ter- 
raqu.'ous  globe,  and  its  appendages,  we  might 
next  direct  our  attention  to  the  animated  tribes 
with  which  it  is  peopled.  Beginning  at  Man,  the 
head  of  the  animal  creation,  we  would  detail  the 
principal  facts  which  have  been  ascertained  re- 
specting his  structure  and  organical  functions — 
the  muscular  movements  of  the  human  body,  the 
system  of  bones,  nerves,  veins,  and  arteries;  the 
process  of  respiration;  and  the  organs  of  vision, 
bearing,  smelling,  tasting,  and  feeling,  by  which 
lie  holds  a  correspondence  with  the  material 
world — the  modifications  which  appear  in  his  cor- 
poreal frame,  and  in  his  mental  faculties,  during 
the  periods  of  infancy,  puberty,  manhood,  and 
old  age — the  causes  and  phenomena  of  sleep  and 
dreaming — the  varieties  of  the  human  race,  in  re- 
spect of  color,  stature,  and  features — the  devia- 
tions from  the  ordinary  course  of  nature,  which 
occasionally  occur,  in  the  case  of  monsters, 
dwarfs,  and  giants — the  moral  and  intellectual  fa- 
culties—  and  those  distinguishing  characteristics 
which  prove  tlie  superiority  of  man  over  the 
other  tribes  of  animated  nature. 

The  inferior  ranks  of  the  animal  creation  would 
next  demand  our  attention.  We  would  take  a 
survey  of  the  numerous  tribes  of  Quadrupeds, 
Birds,  Fishes,  Serpents,  Lizards,  and  Insects,  in 
reference  to  the  characteristic  marks  by  which  the 
different  species  are  distinguished, —  their  food, 
and  habitations  —  the  different  modes  in  which 
they  display  their  arcliitective  faculty,  in  con- 
structing places  of  abode  for  shelter  and  protec- 
tion— the  clothing  with  which  they  are  furnished 
—their  sagacity  in  finding  out  the  proper  means 
for  subsistence  and  self-preservation — their  hostili- 
ties— their  artifices  in  catching  their  prey,  and 
escaping  tlieir  enemies — their  modes  of  propaga- 


tion—  their  transformations  from  one  state  and 
form  to  another  —  their  migrations  to  different 
countries  and  climates — their  various  instincts — 
their  care  in  rearing  and  protecting  their  young — 
their  passions,  mental  characters,  and  social  dis- 
positions—  their  language  or  modes  of  commu- 
nication with  each  other — their  capacities  for 
instruction  and  improvement — their  different 
powers  of  locomotion — the  adaptation  of  all  their 
organs  to  the  purposes  for  which  they  seem  in- 
tended— the  indications  they  give  of  being  pos- 
sessed of  moral  dispositions  and  rational  powers — 
their  different  periods  of  longevity,  and  the  ends 
which  they  are  intended  to  subserve  in  the  sys- 
tem of  nature.  Along  with  these  details,  certain 
views  might  be  exhibited  of  the  various  forms  of 
sensitive  life,  and  modes  of  existence,  which  ob- 
tain in  those  numerous  species  of  animals  which 
are  invisible  to  the  naked  eye,  and  which  the  mi- 
croscope discovers  in  almost  every  department  of 
nature. 

Having  surveyed  the  objects  which  compose 
our  sublunary  system,  we  would  next  direct  our 
view  to  the  regions  of  the  sky,  and  contemplate 
the  facts  which  have  been  discovered  in  relation 
to  the  celestial  orbs.  We  would  first  attend  to  the 
apparent  motion  of  the  sun,  the  different  points 
of  the  horizon  at  which  it  seems  to  rise  and  set, 
and  the  different  degrees  of  elevation  to  which  it 
arrives,  at  different  seasons  of  the  year, — the  dif- 
ferent aspects  it  presents  as  viewed  from  different 
parts  of  the  earth's  surface,  and  the  different 
lengths  of  days  and  nights,  in  different  parts  of 
the  world.  We  would  next  attend  to  the  varied 
phases  of  the  moon  —  the  direct  and  retrograde 
motions  of  the  planets — the  apparent  diurnal  mo- 
tion of  the  whole  celestial  sphere,  from  east  to 
west — and  the  different  clusters  of  stars  which  are 
seen  in  our  nocturnal  sky,  at  different  seasons  of 
the  year.  We  would  next  consider  the  deductions 
which  science  has  made,  respecting  the  order  and 
arrangement  of  the  planets  which  compose  the 
solar  system — their  distances  from  the  sun,  and 
from  the  earth — their  magnitudes — the  periods  of 
their  diurnal  and  annual  revolutions — the  second- 
ary planets,  or  moons,  which  accompany  them — 
their  eclipses — the  various  phenomena  which  their 
surfaces  present  when  viewed  through  telescopes 
— the  physical  influence  which  some  of  them 
produce  on  the  surface  of  our  globe — and  the  sin- 
gular appearance  of  those  bodies  called  Comets, 
which  occasionally  visit  this  part  of  our  system. 
We  would,  in  the  next  place,  extend  our  views  to 
the  starry  regions,  and  consider  the  number  of 
stars  which  present  themselves  to  the  naked  eye — 
the  immensely  greater  numbers  which  are  disco- 
vered by  telescopes — the  systems  into  which  they 
appear  to  be  arranged — the  facts  which  have  been 
ascertained  respecting  new  stars — double  and  tre- 
ble stars — stars  once  visible,  which  have  now  dis- 
appeared from  the  heavens — variable  stars,  whose 
luster  is  increased  and  diminished  at  different  pe- 
riods of  time — and  the  structure  and  position  of 
the  many  hundreds  of  Nebula,  or  starry  systems, 
which  appear  to  be  dispersed  throughout  the  im- 
mensity of  creation. 

All  the  particulars  now  stated,  and  many  others 
which  might  have  been  specified — considered  sim- 
ply as  facts  wliich  exist  in  the  system  of  Nature 
— form  the  appropriate  and  legitimate  objects  of 
Natural  History,  and  demand  the  serious  attention 
of  every  rational  intelligence,  that  wishes  to  trace 
the  perfections  and  agency  of  the  Almighty  Crea- 
tor. To  investigate  the  causes  of  the  diversified 
phenomena  which  the  material  world  exhibits, 
and  the  principles  and  modes  by  which  many  of 


52 


THE  CHRISTIAN   PHILOSOPHER. 


the  facts  now  alluded  to  are  ascertained,  is  the 
peculiar  province  of  Natural  Pliilosopliy,  Cliemis- 
iry,  and  the  Mathematical  Sciences. 

Amidst  so  vast  a  variety  of  objects  as  Natural 
History  presents,  it  is  difficult  to  fix  on  any  parti- 
cular facts,  as  specimens  of  the  interesting  nature 
of  this  department  of  knowledge,  without  going 
beyond  the  limits  to  wliieh  I  am  necessarily  con- 
fined in  this  volume.  I  shall  content  myself  with 
a  description  of  two  objects,  which  have  a  refer- 
ence chiefly  to  the  vegetable  kingdom.  The  first 
of  these  is 

The  Banian'  Tree. — "This  Tree,  which  is  also 
called  the  Burr  tree,  or  the  Indian  Fig,  is  one  of 
the  most  curious  and  beautiful  of  Nature's  pro- 
ductions, in  the  genial  climate  of  India,  where 
she  sports  with  the  greatest  variety  and  profusion. 
Each  tree  is  in  itself  a  grove;  and  some  of  them 
are  of  an  amazing  size  and  extent,  and,  contrary 
to  most  other  animal  and  vegetable  productions, 
seem  to  be  exempted  from  decay.  Every  branch 
from  tlie  main  body  throws  out  its  own  roots;  at 
first,  in  small  tender  fibers,  several  yards  from  the 
ground;  these  continually  grow  thicker,  until,  by 
a  gradual  descent,  they  reach  the  surface,  and 
there,  striking  iu,  they  increase  to  large  trunks, 
and  become  parent  trees,  shooting  out  new 
branches  from  the  tops.  These  iu  time  suspend 
their  roots,  and,  receiving  nourishment  from  the 
earth,  swell  into  trunks,  and  shoot  forth  other 
branches;  thus  continuing  in  a  state  of  progres- 
sion, so  long  as  the  earth,  the  first  parent  of  them 
all,  contributes  her  sustenance.  A  Banian  tree, 
with  many  trunks,  for.ns  the  most  beautiful 
walks,  vistas,  and  cool  recesses,  that  can  be  ima- 
gined. The  leaves  are  large,  soft,  and  of  a  lively 
green,  about  six  inches  in  length;  the  fruit  is  a 
•inall  fig,  when  ripe,  of  a  bright  scarlet,  affording 


sustenance  to  monkeys,  squirrels,  peacocks,  ar-^ 
birds  of  various  kinds,  which  dwell  among  tb« 
branches. 

"  The  Hindoos  are  peculiarly  fond  of  the  Ba 
nian  tree;  they  consider  its  long  duration,  its  out 
stretching  arms,  and  its  overshadowing  benefi- 
cence, as  emblems  of  the  Deity,  and  almost  paj 
it  divine  honors.  The  Brahmins,  who  thus  '  find 
a  fane  in  every  sacred  grove,' spend  much  of  theii 
time  in  religious  solitude,  under  the  shade  of  tha 
Banian  tree;  they  plant  it  near  their  temples  oi 
pagodas:  and  in  those  villages  where  there  is  no 
structure  erected  for  public  worship,  they  place 
an  image  under  one  of  these  trees,  and  there  per- 
form a  morning  and  evening  sacrifice.  The  na- 
tives of  all  castes  and  tribes  are  fond  of  recreating 
in  the  cool  recesses,  beautiful  walks,  and  lovelj 
vistas  of  this  umbrageous  canopy,  impervious  to 
the  hottest  beams  of  a  tropical  sua.  It  is  re- 
corded that  one  of  these  trees  shaded  all  the  town 
of  Fort  St.  David  and  Gombroon.  Tliese  are  the 
trees  under  which  a  sect  of  naked  philosophers, 
called  Gymnosopliists,  assembled  in  Arian's  days, 
and  this  historian  of  ancient  Greece  presents  a 
true  picture  of  the  Modern  Hindoos.  '  In  win- 
ter,' lie  says,  '  the  Gymnosopliists  enjo)'  the  bene- 
fit of  the  sun's  rays  in  the  open  air;  and,  in  sum- 
mer,  when  the  heat  becomes  excessive,  they  past 
their  time  in  cool  and  moist  places,  under  large 
trees,  which,  according  to  the  accounts  of  Near- 
chus,  cover  a  circumference  oi  fite  acres,  and  ex- 
tend their  branches  so  far,  than  ten  thousand  men 
may  easily  find  shelter  under  them.' 

"On  the  banks  of  the  river  Narbudda,  in  the 
province  of  Guzzerat,  is  a  Banian  tree,  supposed, 
by  some  persons  to  be  the  one  described  by  Near- 
chus.who  commanded  the  fleet  of  Alexander  the 
Great,  and  certainly  not  inferior  to   it.     It  is  dis- 


tinguished by  the  name  of  Cubbeer  Burr,  which 
was  given  it  in  honor  of  a  famous  saint.  Forbes, 
in  his  'Oriental  Memoirs,'  when  speaking  of  the 
Age  of  such  trees,  states  that  he  smoked  his  hookha 
under  the  very  Banian  beneath  which  part  of  Al- 
exander's cavalry  took  shelter.  High  floods  have, 
at  various  times,  swept  away  a  considerable  part 
of  this  extraordinary  tree;  but  what  still  remains 
is  nearly  two  thousand  feet  in  circumference,  mea- 
sured round  the  principal  stems;  the  overhanging 
branches,  not  yet  struck  down,  cover  a  much 
larger  space;  and  under  it  grow  a  number  of  cus- 


tard-apple and  other  fruit  trees.  The  large  trunkf 
ol  this  single  tree  amount  to  three  hundred  and 
fifty;  and  the  smaller  ones  exceed  three  thousand; 
every  one  of  these  is  constantly  sending  forth 
branches  and  hanging  roots  to  form  other  trunks, 
and  become  the  parents  of  a  future  j)rogeny.  The 
Cubbeer  Burr  is  famed  throughout  Hindostan,  not 
only  on  account  of  its  great  extent,  but  also  of  its 
surpassing  beauty.  The  Indian  armies  generally 
encamp  around  it;  and  at  stated  seasons,  solemn 
Jatarras,  or  Eiindoo  festivals,  to  which  thousands 
of  votaries  repair  from  every  part  of  the  Mogul 
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empire,  are  there  celebrated.  It  is  said  that  seven 
thousand  persons  find  ample  room  to  repose  under 
Its  shade.  It  has  long  been  the  custom  of  the 
Biili^li  residents  in  India,  on  their  hunting  and 
sliooting  parlies,  to  form  extensive  encampments, 
and  spend  weeks  together,  untler  this  deliglitful 
and  magnificent  pavilion,  which  affords  a  shelter 
to  all  travelers,  particularly  to  the  religious  tribes 
of  the  Hindoos.  It  is  generally  filled  with  green 
wood-pigeons,  doves,  peacocks,  and  a  variety  of 
feathered  songsters — with  monkeys,  which  both 
divert  the  spectator  by  their  antic  tricks,  and  in- 
terest him  by  the  parental  affection  they  display 
to  their  young  offspring,  in  teaching  them  to  select 
their  food,  and  to  exert  themselves  in  jumping 
from  bough  to  bough, — and  is  shaded  by  bats  of  a 
large  size,  many  of  them  measuring  upward  of  six 
ftat  from  the  extremity  of  one  wing  to  tlie  other. 
This  tree  affords  not  only  shelter,  but  also  suste- 
nance, to  all  its  inhabitants,  being  covered,  amid 
its  bright  foliage,  with  small  figs,  of  a  rich  scar- 
let, on  which  they  all  regale  with  as  much  delight 
as  the  lords  of  creation  on  their  more  costly  fare, 
in  their  parties  of  pleasure." 

The  preceding  figure  will  convey  a  general, 
though  imperfect,  idea  of  this  singular  tree,  and  of 
the  manner  in  which  the  branches  from  the  main 
body  throw  out  their  shoots,  and  form  the  nu- 
merous visla..  which  are  found  under  its  shade, 

This  tree,  which  is  doubtless  one  of  the  most 
singular  and  magnificent  objects  in  the  vegetable 
kingdom,  ap'pcars  to  be  a  world  in  miniature,  in 
which  thousands,  both  of  human  beings,  and  of 
the  inferior  tribes  that  traverse  the  earth  and  the 
air,  may  find  anjple  accommodation  and  sub- 
sistence. What  a  striking  contrast  does  it  pre- 
sent to  the  forests  of  trees,  or  mushroons,  which 
are  perceived  by  the  help  of  the  microscope,  in  a 
p'iece  of  moldincss-  -every  plant  of  which  is 
several  hundreds  of  times  smaller  than  the  point 
of  a  fine  needle!  Yet  both  are  the  effects  of  the 
agency  of  the  same  Ah-wise  and  Omnipotent  Be- 
ing. And  what  an  immense  variety  of  gradations 
is  to  be  found  in  the  vegetable  world,  between 
these  two  extremes — every  part  of  the  vast  inter- 
val being  filled  up  with  flowers,  herbs,  slirubs, 
and  trees,  of  every  color,  form,  and  size,  and  in 
such  vast  multitudes  and  profusion  that  no  man 
can  number  tliem! 

An  object  which  approximates  in  a  certain  de- 
gree to  the  one  now  described,  is  mentioned  in 
"Staunton's  Account  of  Macartney's  Embassy 
to  China,"  p.  70.  It  is  called  by  Botanists,  Adan- 
snnia,  and  is  also  known  by  Ihe  name  of  the 
Monkeij  Bread  Tree,  and  was  discovered  in  the 
Island  of  St.  ,Tago.  "  The  circumference  or  girth 
of  the  base  was  56  feet,  which  soon  divided  into 
two  vast  branches,  the  one  in  a  perpendicular 
direction,  whose  periphery,  or  girth,  was  42  feet, 
the  other  26.  Another,  of  the  same  species,  stood 
near  it,  whose  single  trunk,  girthing  38  feet,  was 
scarcely  noticed." 

The  only  other  specimen  I  shall  exhibit  to  the 
reader,  has  a  relation  both  to  the  animal  and  to 
the  vegetable  kingdom  It  is  well  known  that 
the  examination  of  flowers,  and  vegetables,  of 
every  description,  by  the  microscope,  opens  a 
new  and  interesting  field  of  wonders  to  the  in- 
quiring naturalist.  Sir  John  Hill  has  given  the 
following  curious  account  of  what  appeared  on 
his  eA'amining  a  carnation: — 

"The  principal  flower  in  an  elegant  bouquet 
was  a  carnation:  the  fragrance  of  tliis  led  me  to 
enjoy  it  frequently  and  near.  The  sense  of  smell- 
ing was  not  the  only  one  affected  on  these  occa- 
Bious:  while  that  was  satiated  with  the  powerful 


sweet,  the  ear  was  constantly  attacKed  by  an  ex- 
tremely soft,  but  agreeable  murmuring  sound.  It 
was  easy  to  know,  that  some  animal  within  the 
covert  must  be  the  musician,  and  that  tlie  little 
noise  must  come  from  some  little  creature  suited 
to  produce  it.  I  instantly  distended  the  lower 
part  of  the  flower,  and  placing  it  in  a  full  light, 
could  discover  troops  of  little  insects  frisking, 
with  wild  jollity,  among  the  narrow  pedestals  that 
supported  its  leaves,  and  the  little  threads  that  oc- 
cupied its  center.  What  a  fragrant  world  for 
their  habitation!  What  a  perfect  security  from 
all  annoyance,  in  the  dusky  husk  that  surrounded 
the  scene  of  action!  Adapting  a  microscope  to 
take  in,  at  one  view,  the  whole  base  of  the  flower, 
I  gave  myself  an  opportunity  of  contemplating 
what  they  were  about,  and  this  for  many  days  to- 
gether, without  giving  them  tlie  least  disturbance. 
Thus,  I  could  discover  their  economy,  their  pas- 
sions, and  their  enjoyments.  The  microscope,  on 
this  occasion,  had  given  what  nature  seemed  to 
have  denied  to  tlie  objects  of  contemplation. 
The  base  of  the  flower  extended  itself,  under  its 
influence,  to  a  vast  plain;  the  slender  stems  of 
the  leaves  became  trunks  of  so  many  stately 
cedars;  the  threads  in  the  middle  seemed  columns 
of  massy  structure,  supporting  at  the  top  their 
several  ornaments;  and  the  narrow  spaces  between 
were  enlarged  in  walks,  parterres,  and  terraces. 

On  the  polished  bottoms  of  these,  brighter  than 
Parian  marble,  walked  in  pairs,  alone  or  in  larger 
companies,  the  winged  inhabitants;  these,  from 
little  dusky  flies,  for  such  only  the  naked  eye 
would  have  shown  them,  were  raised  to  glorious 
glittering  animals,  stained  with  living  purple,  and 
with  a  glossy  gold,  that  would  have  made  all  tho 
labors  of  the  loom  contemptible  in  the  compari- 
son.— I  could,  at  leisure,  as  they  walked  together, 
admire  their  elegant  limbs,  their  velvet  shoulders, 
and  their  silken  wings;  tlieir  backs  vieing  with 
the  empyrean  in  its  blue;  and  their  eyes,  each 
formed  of  a  thousand  others,  out-glittering  the 
little  planes  on  a  brilliant;  above  description,  and 
too  great  almost  for  admiration.  I  could  observe 
them  here  singling  out  their  favorite  females; 
courting  them  with  the  music  of  their  buzzing 
wings,  with  little  songs,  formed  for  their  little 
organs,  leading  them  from  walk  to  walk,  among 
the  perfumed  shades,  and  pointing  out  to  their 
taste,  the  drop  of  liquid  nectar,  just  bursting  from 
some  vein  within  the  living  trunk — here  were  the 
perfumed  groves,  the  more  than  mystic  shades  of 
the  poet's  fancy  realized.  Here  the  happy  lovers 
spent  their  days  in  jo3ful  dalliance,  or  in  the  tri- 
umph of  their  little  hearts,  skipped  after  one  an- 
other, from  stem  to  stem,  among  the  painted  trees, 
or  winged  their  short  flight  to  the  close  shadow 
of  some  broader  leaf,  to  revel  undisturbed  in  the 
bights  of  all  felicity." 

This  picture  of  the  splendor  and  felicity  of  in- 
sect life,  may,  to  certain  readers,  appear  somewhat 
overcharged.  But  those  who  have  been  much  in 
the  habit  of  contemplating  the  beauties  of  the 
animal  and  vegetable  world,  through  microscopes, 
can  easily  enter  into  all  the  views  which  are  here 
described.  I  have  selected  this  example,  for  the 
purpose  of  illustrating  the  unbounded  goodnesa 
of  the  Creator,  in  the  vast  profusion  of  enjoy- 
ment he  has  communicated  even  to  the  lowest 
tribes  of  animal  existence,  and  as  a  specimen  of 
those  invisible  worlds  which  exist  beyond  the 
range  of  our  natural  vision.  For  it  appears,  that 
there  is  a  gradation  of  worlds  downward,  as  well 
as  upward.  However  small  our  globe  may  ap 
pear  when  compared  with  the  sun,  and  with  the 
Immensity  of  starry  systems  which  lie  dispersed 
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through  the  infinity  of  space,  there  are  worlds 
filled  with  myriads  of  living  beings,  which,  in 
point  ol'  size  and  extent,  boar  as  small  a  proportion 
to  tlie  earth,  as  the  earth  bears  to  the  vast  assem- 
blage of  the  celestial  worlds.  A  single  flower,  a 
leaf,  or  a  drop  of  water,  may  appear  as  large,  and 
as  diversiti._'d  in  its  structure,  to  some  of  the  beings 
which  inhabit  it,  as  the  whole  earth  appears  to  the 
view  of  man:  and  a  thousand  scenes  of  magnifi- 
cence and  beauty  may  be  presented  to  their  sight, 
of  which  no  distinct  conception  can  be  formed 
by  the  human  mind.  Tlie  many  thousands  of 
transparent  globes,  of  which  their  eyes  are  com- 
posed, may  magnify  and  multiply  the  objects 
around  them  wiihout  end,  so  that  an  object 
scarcely  visible  to  the  eye  of  man,  may  appear  to 
tliem  as  a  vast  extended  unii'erse. 

"Having  examined,"  says  St.  Pierre,  "one 
day,  by  a  microscope,  the  ilowers  of  thyme,  I 
distinguished  in  them,  with  equal  surprise  and 
delight,  superb  flagons  with  long  necks",  of  a  sub- 
stance resembling  the  amethyst,  from  the  gullets 
of  which  seemed  to  flow  ingots  of  liquid  gold.  I 
have  never  made  observations  of  the  corolla,  sim- 
ply of  the  smallest  flower,  without  finding  it  com- 
posed of  an  admirable  substance,  half  transparent, 
studded  with  brilliants,  and  shining  in  the  most 
lively  colors.  The  beings  which  live  under  a  re- 
flex thus  enriched  must  have  ideas  very  different 
from  ours,  of  light,  and  of  the  other  phenomena 
of  nature.  A  drop  of  dew,  filtering  in  the  capil- 
lary and  transparent  tubes  of  a  plant,  presents  to 
them  thousands  of  cascades;  the  same  drop  lixed 
as  a  wave  on  the  extremity  of  one  of  its  prickles, 
—  an  ocean  without  a  shore;  evaporated  into  air, 
avast  aerial  sea. — It  is  credible,  then,  from  analo- 
gy, that  there  are  animals  feeding  on  the  leaves 
of  plants,  like  the  cattle  in  our  meadows  and  on 
our  mountains,  which  repose  under  the  shade  of  a 
down  imperceptible  to  the  naked  eye,  and  which, 
from  goblets  formed  like  so  many  suns,  quafl"  nec- 
tar of  the  color  of  gold  and  silver." 

Thus  it  appears  that  the  universe  extends  to 
infinity  on  either  hand;  and  that  wherever  matter 
exists,  from  the  ponderous  globes  of  heaven  down 
to  the  invisible  atom,  there  the  Almighty  Creator 
has  prepared  habitations  for  countless  orders  of 
existence,  from  the  seraph  to  the  animalcule,  in 
order  to  demonstrate  his  boundless  beneficence, 
end  the  infinite  variety  of  modes  by  which  he  can 
diffuse  happiness  through  the  universal  system. 

"  How  sweet  to  mnse  npon  His  skill,  display'd — 
Infinite  skill!— in  all  tlial  he  has  made. 
To  trace  in  Nature's  most  minute  design, 
Tlie  signature  and  stamj)  of  Power  Divine; 
Contrivance  exquisite,  express'd  with  ease, 
Where  unassisted  sight  no  beauty  sees; 
The  shapely  limb  and  lubricated  joint. 
Within  the  small  dimensions  of  a  point; 
Muscle  and  nerve  miraculously  spun, 
His  mighty  work;  who  speaks  and  it  is  done: 
Th'  Invisible  in  things  scarce  seen  reveal'd; 
To  whom  an  atom  is  an  ample  field  ! " — Covvper. 

With  regard  to  the  religious  tendency  of  the 
study  of  Natural  History,  it  may  be  remarked, 
that  as  all  the  objects  which  it  embraces  are  the 
workmanship  of  God,  the  delineations  and  descrip- 
tions of  the  Natural  Historian  must  be  considered 
es  "  the  history  of  the  operations  of  the  Crea- 
tor;" or,  in  other  words,  so  far  as  the  science  ex- 
tends, "  the  history  of  the  Creator  himself;  "  for 
the  marks  of  his  incessant  agency,  his  power, 
wisdom,  and  beneficence,  are  impressed  on  every 
object,  however  minute,  throughout  the  three 
kingdoms  of  nature,  and  throughout  every  region 
of  earth,  air,  and  sky.  As  the  Deity  is  invisible 
to  mortal  eyes,  and  cannot  be  directly  contempla- 


ted by  finite  minds,  without  some  material  me- 
dium of  communication,  there  are  but  two  medi- 
ums with  which  we  are  acquainted  by  which  wo 
can  attain  a  knowledge,  of  his  nature  and  perfec- 
tions. Tliese  are,  either  the  foe's  which  have 
occurred  in  the  course  of  his  providential  dispen- 
sations toward  our  race,  since  the  commencement 
of  time,  and  the  moral  truths  connected  with 
them — or  the  facts  which  are  displayed  in  the 
economy  of  nature.  Tlie  first  class  of  facts  is 
recorded  in  the  Sacred  Historj';  and  in  the  An- 
nals of  Nations;  the  second  class  is  exhibiled  in 
the  diversified  objects  and  motions  which  appear 
throughout  the  system  of  the  vi-^ible  universe. 
The  one  may  be  termed  the  Moral  History,  and 
the  other  the  Natural  Hi<;torij  of  the  ojK-rationa 
of  the  Creator.  It  is  obviously  incumbent  on 
every  rational  being  to  contemplate  the  Creator 
through  both  these  mediums,  for  each  of  them 
conveys  it.i  distinct  and  peculiar  revelations;  and, 
consequently,  our  perception  of  Deity  through 
the  one  medium  does  not  supersede  the  necessity 
of  our  contemplating  him  through  the  other 
While,  therefore,  it  is  our  duty  to  contemplate  the 
perfections,  the  providence,  and  the  agency  of 
Go.l,  as  displayed  in  the  Scripture-reveJation,  it 
is  also  incumbent  upon  us  to  trace  his  attributes 
in  the  system  of  Nature,  in.  order  that  we  may 
be  enabled  to  contemplate  the  Eternal  Jehovah, 
in  every  variety  of  aspect  in  which  he  has  been 
pleased  to  exhibit  himself  in  the  universe  he  has 
formed. 

'i'he  visible  creation  may  be  considered  as  a 
permanent  and  sensible  manifestation  of  Deity; 
intended  every  moment  to  present  to  our  view  the 
unceasing  energies  of  Him  "  in  whom  we  live 
and  move."  And  if  the  train  of  our  thoughts 
were  directed  in  its  proper  channel,  we  would 
perceive  God  in  every  object  and  in  every  move- 
ment; we  would  behold  him  operating  in  tlia 
whirlwind  and  in  the  storm;  in  the  subterraneoua 
cavern  and  in  the  depths  of  the  ocean;  in  the  gen- 
tle rain  and  the  refreshing  breeze;  in  the  rainbow, 
the  fiery  meteor,  and  the  lightning's  flash;  in  the 
splendors  of  the  sun  and  the  majestic  movements 
of  the  heavens;  in  the  frisking  of  the  lambs,  the 
songs  of  birds,  and  the  buzz  of  insects;  in  the 
circulation  of  our  blood,  the  movements  of  our 
joints,  the  motion  of  our  eye-balls,  and  in  the 
rays  of  light  which  are  continually  darting  fiom 
surrounding  objects,  for  the  purposes  of  vision. 
For  these  and  ten  thousand  other  agencies  in  the 
system  of  nature,  are  nothing  else  but  the  voice 
of  Deity,  proclaiming  to  the  sons  of  men,  iu 
silent  but  emphatic  language,  "Stand  still,  and 
consider  the  wonderful  works  of  God." 

If,  then,  it  be  admitted  that  the  study  of  Na- 
ture is  the  study  of  the  "Creator — to  overlook  the 
grand  and  beautiful  scenery  with  which  we  are 
surrounded,  or  to  undervalue  anything  which  In- 
finite Wisdom  has  formed,  is  to  overlook  and  con- 
temn the  Creator  himself.  Whatever  God  has 
thought  proper  to  create,  and  to  present  to  our 
view  in  the  visible  world,  it  becomes  man  to  study 
and  contemplate,  that  from  thence  he  may  derive 
motives  to  excite  him  to  the  exercise  of  reverence 
and  adoration,  of  gratitude  and  praise.  In  so  far 
as  any  individual  is  unacquainted  with  the  vari- 
ous facts  of  the  history  of  nature,  in  so  far  does 
he  remain  ignorant  of  the  manifestation.^  of  Dei- 
ty; for  every  object  on  the  theater  of  the  universe 
exhibits  his  character  and  designs  in  a  different 
point  of  view.  He  who  sees  God  only  as  he  dis- 
plays himself  in  his  operations  on  the  earth,  but 
has  never  contemplated  the  firmament  with  the 
eye  of  reason,  must  be  unacquainted  with  thoso 
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amazing  energies  of  eternal  Power,  which  aro  dis- 
playoil  ill  the  stupendous  fabric  and  movements 
of  th^  orbs  of  heaven.  He  who  sees  God  only  in 
tile  i;eiipral  appearances  of  nature,  but  neglects  to 
])'  n  crate  into  his  minute  operations,  must  remain 
'jgiio'i!:t  of  those  astonisiiing  manifestations  of 
Oiviuf'  wisJom  and  skill,  which  appear  in  the 
jonirivaiices,  adaptations,  and  functions  of  the 
•niiiil  and  the  vegetable  kingdoms.  For  the 
DDie  we  know  jf  the  work,  the  more  accurate 
m  !  comprehensive  will  be  our  views  of  tlie  Intel- 
'iijeiic;'  by  whom  it  was  designed;  and  the  farther 
W'-  cirry  our  investigations  of  the  works  of  God, 
the  more  udmirable  and  astonishing  will  his  plans 
an  i  iirrff^ciions  appear. 

Ill  sl'.ort,  a  devout  contemplation  of  the  works 
of  iKiiire  tends  to  ennoble  the  human  soul,  ami 
to  piiriry  and  exalt  the  affections.  It  inspires  the 
mJiiu  with  a  relish  for  the  beauty,  the  harmony, 
and  order,  which  subsist  in  the  universe  around 
us — it  elevates  the  soul  to  the  love  and  admiration 
of  thit  Bfing  who  is  the  Author  of  all  our  coni- 
fo^ts  and  of  all  that  i§  sublime  and  beneficent  in 
creation,  and  excites  us  to  join  with  all  holy  be- 
ings in  a  chorus  of  praise  to  the  God  and  Father 
of  all.     For  they 

"  AMiom  nature's  works  can  cliarm,  with  God  himself 
Hold  converse,  grow  familiar  day  by  day 
With  his  conceptions,  act  upon  his  plan. 
And  form  to  his  the  relish  of  their  souls." 

The  man  who  surveys  the  vast  field  of  nature 
with  the  eye  of  reason  and  devotion,  will  not  only 
acquire  a  more  comprehensive  view  of  that  illimi- 
table power  which  organized  the  universe,  but 
will  find  his  sources  of  enjoyment  continually  in- 
creased, and  will  fsel  an  ardent  desire  after  that 
glorious  world,  where  the  vail  wliich  now  hides 
from  our  sight  some  of  the  grandest  manifesta- 
tions of  Deity  will  be  withdrawn,  and  the  won- 
ders of  Omnipotence  be  displayed  in  all  their 
splendor  and  perfection. 

In  conformity  with  these  sentiments,  we  find 
the  inspired  writers,  in  numerous  instances,  call- 
ing our  attention  to  the  wonders  of  creating  power 
and  wisdom.  In  one  of  the  first  speeches  in  which 
the  Almighty  is  introduced  as  addressing  the  sons 
of  men,  and  the  longest  one  in  the  Bible,*  our 
attention  is  exclusively  directed  to  the  subjects  of 
Natural  History; — the  whole  address  having  a 
reference  to  the  economy  of  Divine  Wisdom  in 
the  arrangement  of  the  world  at  its  first  creation 
— the  wonders  of  the  ocean,  and  of  light  and 
darkness — the  phenomena  of  thunder  and  light- 
ning, rain,  hail,  snow,  frost,  and  other  meteors  in 
the  atmosphere — the  intellectual  faculties  of  man, 
and  tlie  economy  and  instincts  of  quadrupeds, 
birds,  fishes,  and  other  tribes  of  animated  exist- 
ence. Indeed,  the  greater  part  of  the  sublime 
descriptions  contained  in  the  book  of  .lob  has  a 
direct  reference  to  the  agency  of  God  in  the  ma- 
terial creation,  and  to  the  courseof  his  providence 
in  relation  to  the  different  characters  of  men;  and 
tlie  reasonings  of  the  different  speakers  in  that 
sacred  drama,  proceed  on  the  supposition,  that 
tlieir  auditors  vi'ere  intimately  acquainted  with  the 
varied  appearane.es  of  nature,  and  their  tendency 
to  exhibit  the  character  and  perfections  of  the 
Oiiini|iotent  Creator.  We  find  the  Psalmist,  in 
Ps:'dtn  civ,  employed  in  a  devout  description  of 
similar  olijects,  from  the  contemplation  of  which 
hi>  rnind  is  raised  lo  adoring  views  of  their  Al- 
niij;hly  Author — and,  from  the  wliole.  of  his  snr- 
voy,  ho  deduces  the  followiiigconclusions: — "How 


.loh,  chaps,  .wxviii,  xx.xix,  xl,  xli. 


manifold  are  thy  works,  0  Lord!  In  wisdom  thou 
hast  made  them  all!  Tlie  earth  is  full  of  thy 
riches;  so  is  this  great  and  wide  sea,  wherein  are 
things  creejiing  innumerable,  both  small  and  great 
beasts.  The  glory  of  the  Lord  shall  endure  for- 
ever; the  Lord  shall  rejoice  in  all  his  works.*  ] 
will  sing  unto  the  Lord  as  long  as  I  live;  I  will 
sing  praises  to  my  God  while  I  have  my  being."  . 

But  in  order  to  enter  into  the  spirit  ol  such 
sublime  reflections,  we  must  not  content  ourselves 
with  a  superficial  and  cursory  view  of  the  ob/ ct.s 
and  operations  of  nature, — we  must  not  think  it 
sufficient  to  acquiesce  in  such  vague  proposiliona 
as  these:  "The  glory  of  God  is  seen  in  every 
blade  of  grass,  and  every  drop  of  water;  all  na- 
ture is  full  of  wonders,  from  the  dust  of  the  earlh 
to  the  stars  of  the  firmament."  We  must  study 
the  works  of  creation  with  ardor,  survey  them 
with  minute  attention,  and  endeavor  to  acquire  a 
specific  and  comprehensive  knowledge  of  tlie  Crea- 
tor's designs.  We  must  endeavor  to  acquire  a 
knowledge  of  the  particular  modes, circumstances, 
contexture,  configurations,  adaptations,  structure, 
functions,  and  relations  of  tliose  objects  in  which 
benevolence  and  design  conspicuously  appear — in 
the  animal  and  the  vegetable  world,  in  the  ocean, 
the  atmosphere,  and  the  heavens;  that  the  mind 
may  be  enabled  to  draw  the  conclusion  with  full 
conviction  and  intelligence — "In  wisdom  thou  hast 
made  them  all!"  The  pointed  interrogatories 
which  Jehovah  addressed  to  Job,  evidently  imply 
that  Job  had  previously  acquired  an  intimate  ac- 
quaintance with  the  works  of  nature.  It  seems 
to  be  taken  for  granted,  as  a  matter  of  course,  that 
he  had  made  himself  acquainted  with  the  general 
range  of  facts  in  the  visible  creation;  and  the  in- 
tention of  the  several  questions  presented  to  his 
consideration  evidently  was,  to  impress  him  with 
a  sense  of  his  own  impotency,  and  to  lead  him  to 
the  investigation  of  the  wonders  of  Creating 
Power,  which  he  had  formerly  overlooked.  The 
conclusion  which  the  Psalmist  draws  respecting 
the  Wisdom  displayed  throughout  all  the  works  of 
God,  plainly  intimates,  that  he  had  made  the  dif- 
ferent parts  of  nature  the  subject  of  minute  ex- 
amination and  of  deep  reflection;  otherwise  ho 
could  not  have  rationally  deduced  his  conclusiou, 
or  felt  those  emotions  which  filled  his  mind  with 
the  pious  raptures  so  beautifully  expressed  in  that 
hymn  of  praise  to  the  Creator  of  the  vi'orld. 

We  have  therefore  reason  to  believe,  from 
these  and  other  instances,  that  pious  men,  "in  the 
days  of  old,"  were  much  more  accustomed  than 
mo'leru  Christians  to  contemplate  and  admire  the 
visible  works  of  the  Lord;  and  it  is  surely  much 
to  be  regretted,  that  we,  who  enjoy  so  many  su- 
perior means  of  inforination,  and  who  have  access 
to  the  brilliant  discoveries  of  later  and  more  en- 
lightened times,  should  manif-st  so  much  disre- 
gard to  "  the  works  of  Jehovah,  and  the  opera- 
tions of  his  hands."  To  enable  the  common 
mass  of  Christians  to  enter  into  the  spirit  of  this 
delightful  study  and  Christian  duty,  should,  there- 

*  The  glorp  (if  the  Lord,  in  this  passage,  denotes  the  dis. 
play  of  his  perfections  in  the  material  universe;  and  the  ile 
clnration  of  the  inspired  writer  plainly  intimates,  that  this 
display  will  continue  forcvir,  and  will  remain  as  an  oliject 
nf  unceasing  contemplation  to  all  intelligences,  and  as  an 
eternal  monument  of  his  I'ower  and  Wisdom.  For  alllion;;h 
the  earth  and  the  aerial  heavens  will  he  changed  at  the  clo^e 
of  that  disiiensntion  of  Providence  which  respects  our  world, 
yet  the  general  frame  of  the  universe,  in  its  other  parts, 
"will  remain  snhstautiiilly  the  same;  and  not  only  so,  hut  will, 
in  all  prohahility,  be  perpetually  increasing  in  magnitude 
and  grandeur.  And  tlie  change  which  will  be  effected  in 
respect  to  the  terraqueous  globe  and  its  appendages  will   be 

I  such  that  .lehovah  will  have  reason  to  "  rejoice"  in  this,  -u 

1  well  as  in  all  his  other  works. 
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fore,  be  one  object  of  those  periodical  and  otiier 
religious  works  which  are  put  into  their  hands; 
Bo  that  they  maybe  enabled,  with  vigor  and  intel- 
ligence, to  form  the  pious  resolution  of  Asaph, 
"  I  will  meditate  on  all  thy  works,  O  Lord!  and 
talk  of  thy  doings."  "  I  will  utter  abundantly 
the  memory  of  thy  great  goodness,  and  tell  of  all 
thy  wondrous  works." 

GEOGRAPHY. 

The  next  department  of  knowledge  I  shall  no- 
ice  is  the  -science  of  Geograjjhy. 

The  object  of  this  science  is,  to  describe  the 
world  we  inhabit,  in  reference  to  the  continents, 
islands,  mountains,  oceans,  seas,  rivers,  empires, 
and  kingdoms  with  which  it  is  diversified,  to- 
gether with  the  manners,  customs,  and  religion  of 
the  dirt'erent  tribes  which  people  its  surface. 

In  order  to  form  an  accurate  conception  of  the 
relative  positions  of  objects  on  the  surface  of  the 
earth,  and  to  enter,  with  intelligence,  on  tlie  study 
of  this  subject,  it  is  requisite,  first  of  all,  to  have 
an  accurate  idea  of  Wsjiyiireand  magnitude.  For 
a  long  serie,s  of  ages,  it  was  sui>posed,  by  the  bulk 
of  mankind,  that  the  surface  of  the  earth  was 
nearly  a  plane,  indefinitely  extended,  and  bounded 
on  all  sides  by  the  skj'.  Lactantius,  and  several 
of  the  Fathers  of  the  Christian  Church,  strenu- 
ously argued,  that  the  earth  was  extended  infinite- 
ly downward,  and  established  upon  several  foun- 
dations. The  ancient  philosopher  Heraclitus  is 
said  to  have  believed,  that  the  earth  was  of  the 
shape  of  a  skitF  or  canoe,  vi-ry  much  hoilowed; 
and  the  philosopher  Leucij)pus  supposed  it  to  be 
of  the  form  of  a  cylinder  or  a  drum.  It  is  onlj' 
within  the  period  of  the  last  three  hundred  years 
that  the  true  figure  of  the  earth  has  been  accu- 
rately ascertained.  This  figure  is  now  found  to 
be  that  of  an  oblate  spheroid,  nearly  approaching 
to  the  shape  of  a  globe  or  sphere.  To  have  as- 
serted this  opinion  several  iiges  ago  would  have 
been  considered  as  a  heresy  in  religion,  and  would 
have  subjected  its  abettors  to  the  auathemasof  the 
Church,  and  even  to  the  peril  of  their  lives.  His- 
torians inform  us,  that  the  learned  Spigelius,  bish- 
op of  Upsal,  ill  Sweden,  suflx^red  martyrdom  at 
the  stake,  in  defense  of  tlie  doctrine  of  the  An- 
tipodes; and  we  know  that,  for  asserting  the  mo- 
tion of  the  earth,  the  celebrated  philosopher  Gali- 
leo was  immured  in  a  dungeon,  and  condemned 
by  an  assembly  of  Cardinals,  to  all  the  horrors  of 
perpetual  imprisonment.  The  doctrine  he  main- 
tained, and  which  is  now  universally  received  by 
every  one  acquainted  with  the  subject,  was  de- 
clared by  those  arrogant  ecclesiastics  to  be  "a  pro- 
position absurd  in  its  very  nature,  f  ilse  in  philoso- 
phy, heretical  in  religion,  and  contrary  to  the 
Holy  Scriptures."  Such  are  some  of  the  horrible 
and  pernicious  consequences  which  flow  from  ig- 
norance of  the  phenomena  of  nature,  and  of  those 
laws  by  which  the  Almighty  governs  the  universe 
he  has  formed;  and  which  prove  it  to  beaChristian 
duty  for  every  rational  being  to  study  the  order 
and  economy  of  the  visible  world. 

That  the  earth  is  nearly  of  a  globular  figure  is 
proved  by  the  following  considerations: — l.When 
we  stand  on  the  sea-shore,  while  the  sea  is  per- 
fectly calm,  we  perceive  that  the  surface  of  the 
water  is  not  quite  plane,  but  convex  or  rounded: 
and  if  we  are  on  one  side  of  an  arm  of  the  sea, 
as  the  Frith  of  Forth,  and  with  our  eyes  near  the 
water,  look  toward  the  o[)posite  coast,  we  shall 
plainly  see  the  water  elevated  between  our  eyes 
and  the  opposite  shore,  so  as  to  prevent  our  seeing 
the  land  near  the  edge  of  the  water.     The  same 


experiment  may  be  made  on  any  portion  of  sliL 
water,  of  a  mile  or  two  in  extent,  when  its  con- 
vexity will  be  perceived  by  the  eye.  A  little  boat, 
lor  instance,  may  be  perceived  by  a  man  who  id 
any  hight  above  the  water,  but  if  he  stoops  down 
and  lays  his  eye  near  the  surface,  he  will  find  tha 
the  fluid  appears  to  rise,  and  intercept  the  view 
of  the  boat.  2.  If  we  take  our  station  on  the  sea 
shore,  and  view  the  ships  leaving  tlie  coast,  iu 
any  direction — as  they  retire  from  our  view,  we 
may  perceive  the  masts  and  rigging  of  the  vessels 
when  the  hulls  are  out  of  sight,  and,  as  it  were, 
sunk  on  the  water.  On  the  other  hand,  when  a 
ship  is  approaching  the  shore,  the  first  part  of  her 
that  is  seen  is  the  topmast;  as  she  approaches 
nearer,  the  sails  become  visible,  and,  last  of  all,  the 
hull  comes  gradually  into  view  *  The  reason  of 
such  appearances  obviously  is,  that  the  round  or 
convex  surface  of  the  water  interposes  between 
our  eye  and  the  body  of  the  ship,  when  she  has 
reached  a  certgin  distance,  while,  at  the  same 
time,  the  sails  and  topmast,  from  their  great  ele- 
vation, may  be  still  in  view.  To  tlie  same  cause 
it  is  owing,  that  the  higher  the  eye  is  placed,  the 
more  extensive  is  the  prospect;  and  hence  it  is 
common  for  sailors  to  climb  to  the  top  of  masts, 
in  order  to  discover  land  or  ships  at  a  distance. 
The  contrary  of  all  this  would  take  place,  if  the 
earth  and  waters  were  an  extended  plane.  When 
a  ship  came  within  view,  the  hull  would  first 
make  its  appearance,  being  the  largest  object,  next 
the  sails,  and  last  of  all  the  topmast.  These  con- 
siderations, which  hold  true  in  all  parts  of  the 
world,  prove  to  a  certainty,  that  the  mass  of  the 
ocean  is  of  a  globular  form;  and  if  the  ocean  be 
a  portion  of  asphere,  it  follows,  that  the /(7hc/ also 
is  of  the  same  general  figure;  for  no  portion  of 
the  earth's  surface  is  elevated  above  four  or  five 
miles  above  the  level  of  the  ocean.  3.  That  the 
earth  is  round  from  north  to  south,  appears  from 
the  following  circumstances: — When  we  travel  a 
considerable  distance  from  north  to  south,  or  from 
south  to  north,  a  number  of  new  stars  successively 
appear  in  the  heavens,  in  the  quarter  to  which  we 
are  advancing,  and  many  of  those  in  the  opposite 
quarter  gradually  disappear,  which  would  not 
happen  if  the  earth  were  a  plane  in  that  direction. 
4.  That  the  earth  is  round  from  east  to  west,  ap- 
pears from  actual  experiment;  for  many  naviga- 
tors, by  sailing  in  a  westerly  direction,  have  gone 
quite  round  it,  from  east  to  west;  and  wej-e  it  not 
for  the  frozen  seas,  within  the  polar  regions,  which 
interrupt  navigation  in  those  directions,  it  would, 
long  ere  now,  have  been  circumnavigated  from 
north  to  south.  5.  All  these  proofs  are  confirmed 
and  illustrated  by  eclipses  of  the  moon,  which 
present  an  ocular  deinonstrniion  of  the  earth's  ro- 
tundity. An  eclipse  of  the  moon  is  caused  by  tha 
intervention  of  the  body  cf  the  earth  between  the 
sun  and  the  moon;  in  which  case,  the  shadow  of 
the  earth  falls  upon  the  moon.  This  shadow  is 
found  in  all  cases,  and  in  every  position  of  the  earth, 
to  be  of  a  circular  figure;  which  incontrovertibly 
|)roves  that  the  whole  mass  of  land  and  water,  of 
which  the  earth  is  composed,  is  nearly  of  a  globu- 
lar form.  The  mountains  and  vales  which  diver- 
sify its  surface,  detract  little  or  nothing  from  its 
globular  shape;  for  they  bear  no  more  proportion 
to  its  whole  bulk  than  a  few  grains  of  sand  to  a 
common  terrestri:d  globe;  the  highest  mountains 
on  its  surface  being  little  more  than  the  two-thou- 
sandth part  of  its  diameter.     Some  of  the  moun- 


*  In  order  to  make  such  observations  to  advantage,  the 
observer's  eye  *hoiilil  be,  as  near  as  pos.^ibie,  on  a  level  with 
the  sea,  and  he  should  use  a  telescope  to  enalile  him  to  per* 
eeive  more  distinctly  the  upper  parts  of  the  vessel. 
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tains  on  the  surface  of  tlie  moon  are  higher  tlian 
tliose  on  the  earth,  and  yet  that  body  appears,  both 
to  tlie  naked  eye  and  through  telescopes,  of  a 
;iplierical  figure. 

To  some  readers,  the  discovery  of  tlie  true  fig- 
ure of  tlie  eartii  may  appear  as  a  matter  of  very 
Irivial  importance  in  religion.  I  hesitate  not, 
however,  to  affirm,  that  it  constitutes  a  most  im- 
portant fact  ill  the  history  of  Divine  Providence. 
Had  not  this  discovery  been  made,  it  is  probable 
that  the  vast  continent  of  America  miglit  yet  have 
remained  undiscovered;  for  Columbus,  who  first 
discovered  that  new  world,  had  learned,  contrary 
to  the  general  o))inion  of  those  times,  that  the 
earth  was  of  a  sjiheiical  figure;  and,  from  the 
maps  then  existing,  he  began  to  conjecture  that 
the  nearest  v/ay  of  sailing  to  the  East  Indies  would 
be  to  sail  westward.  And  although  he  missed  the 
object  of  his  research,  he  was  the  means  of  lay- 
ing oi)en  to  vi :>w  a  vast  and  unknown  region  of 
the  earth,  destined,  in  due  time,  to  receive  from 
the  eastern  world  the  blessings  of  knowledge, 
civilizatron,  and  religion.  On  the  knowledge  of 
tile  spherical  figure  of  the  earth,  the  art  of  navi- 
gation in  a  great  measure  depends;  and  all  the 
voyages  of  discovery  which  have  been  made  in 
later  years,  were  undertaken  in  consequence  of 
the  knowledge  of  this  fact.  Had  mankind  re- 
mained unacquainted  with  this  discovery,  the  cir- 
cumnavigation of  the  globe  would  never  have 
been  attempted — vast  portions  of  the  habitable 
world  would  have  remained  unknown  and  unex- 
plored— no  regular  intercourse  would  have  been 
maintained  between  the  various  tribes  of  the  hu- 
man race,  and  consequently,  the  blessings  of  Di- 
vine Revelation  could  never  have  been  communi- 
cated to  the  grr'atiU'  part  of  the  Gentile  world. 
Beside,  the  knowledge  of  the  true  figure  and  mag- 
nitude of  our  sublunary  world  forms  the  ground- 
woik  of  all  the  sublime  discoveries  which  have 
hitherto  been  made  in  the  regions  of  the  firma- 
ment. For  its  diameter  forms  the  base-line  of 
those  triangles  by  which  the  distances  and  magni- 
tudes of  the  celestial  globes  have  been  determined,* 


*  In  order  that  tlie  general  reailer  m^y  unJerslaml  vvhnt  is 
meant  liy  "the  iliameter  of'tlie  etirlh  forming  the  ba.-ic-liuc  of 
those  triang'es  by  which  the  distances,  eto.  of  tlie  heavenly 
bodies  are  nieasnred,"  it  may  not  be  unnecessary  to  state  llie 
following  explanations. 

In  any  triangle,  as  A  B  C,  if  the  length  of  the  side  A  B 
be  known,  and  likewise  the  quantity  of  the  angles  at  A  and 

B,  or  Ihe  number  of  degrees  or  minutes  they  subtend,  he 
ascertained,  we  I'an  find  the  length  of  the  sides  A  C  and  B 

C.  If  A  B  represent  a  horizontal  plane,  ](iO  feet  in  extent, 
and  C  B  a  tower  whose  bight  we  wish  to  determine,  and  if, 
■with  a  quadrant,  we  find  the  angle  at  A,  or  C  A  B,  to  be  4U 
degrees;  then  by  an  easy  trigonometrical  process — Radius: 
is  to  the  tangent  of  A,  43°  :  :  as  the  side  A  B,  )(I0  feet  : 
is  to  the  hight  of  the  tower  0  B,  which,  in  this  case,  will  be 
fiiunii  to  be  9:i>i  feet. 


without  a  knowledge  of  tlio  extent  of  which,  the 
important  results  which  have  been  deduced  re 
spectiiig  the  system  of  the  universe,  could  not 
have  been  ascertained,  and  consequently,  our 
views  of  the  grandeur  and  omnipotence  of  the 
Deity,  and  of  the  magnificence  aiid  extent  of  his 
dominions,  must  have  been  much  more  circum- 
scribed than  they  now  are.  Such  is  the  intimate 
connection  that  subsists  between  every  part  of 
the  chain  of  Divine  dispensations,  that  if  any  one 
link  had  been  either  broken  or  dissolved,  the  state 
of  things,  in  the  moral  and  intellectual  world, 
would  have  been  very  different  from  what  it  now 
is;  and  the  plans  of  Providence,  for  accomplish- 
ing the  renovation  and  improvement  of  mankind, 
would  have  been  either  partially  or  totally  frus- 
trate.l. 

With  regard  to  the  magniiude  of  the  earth^ — I 
have  already  stated  the  mode  by  which  we  may 
acquire  the  most  accurate  and  comprehensive 
conception  of  this  particular,  in  the  course  of  the 
illustrations  which  were  given  of  the  Omnipo- 
tence of  Deity — (pp.  15-17).  It  is  necessary  here 
only  to  remark  that,  according  to  the  latest  com- 
putations, the  diameter  of  the  earth  is  about  7930 
miles,  and  its  circumference  24,912  miles;  and 
consequently,  the  whole  surface  of  the  land  and 
water  it  contains  comprehends  an  area  of  197,- 
5.52,160  miles.  Tlie  proportion  of  land  and  water 
on  its  surface  cannot  be  very  accurately  ascer- 
tained; but  it  is  quite  evident,  from  an  inspection 
of  a  map  of  the  world,  that  the  water  occupies  at 


along  with  two  angles,  otherwise  the  length  of  the  different 
sides  of  the  triangle  cannot  be  determined. — Now,  in  mea- 
suring the  distance  of  a  heavenly  body,  such  as  the  Moon, 
the  diameter  ot  seinidiaiiutcr  of  the  earth  is  the  known  side 
of  the  triangle  by  which  such  a  distance  is  to  be  found.  In 
Fig.  14,  let  E  C  represent  the  Earth,  M  the  Moon,  and  A  B 


Fig.  13. 


It  is  on  Ibis  general  principle  that  the  distances  and  mag- 
nitudes of  the  celestial  bodies  are  determined.  But,  in  all 
eases  where  we  wish  lo  ascertain  the  dimensions  of  the  ilif. 
ferent  parts  of  a  triangle — one  side,  at  least,  must  be  given, 


a  portion  of  the  starry  firmament.  If  a  spectator  at  the 
earth's  surface  at  E  view  the  moon  in  the  horizon,  it  will 
appear  in  the  line  E  M,  among  the  stars  at  H.  But,  if 
viewed  from  the  center  of  the  earth  at  C  or  from  the  surface 
B.t  D,  it  will  appear  in  the  line  O  D  !M,  among  the  stars  at 
S.  The  diflerence  of  position  in  which  the  moon  is  seen, 
as  viewed  from  the  surface  of  the  earth  E,  and  the  center  C, 
is  called  the  moon's  horizontal  parallax,  or  the  arc  S  H, 
which  is  subtended  by  the  angle  S  M  H,  which  is  equal  to 
theangle  E  M  (J.  In  determining  the  distance  of  the  moon 
therefore,  we  must  first  find,  by  observation,  the  horizontal 
parallax,  or,  in  other  words,  the  angle  E  M  C;  and  the  side 
E  C,  or  the  semidiameter  of  the  eartli  being  known  to  be 
about  4000  miles  in  extent,  forms  the  hase-l.iHC  of  the  triangle 
E  M  C,  and  hence  the  other  sides  of  the  triansle  K  .AT  and 
C  M,  or  the  distance  of  the  moon  from  the  earth,  can  be 
found  by  an  easy  calculation. 

From  what  has  been  now  stated  it  will  appear  that,  were 
we  ignorant  of  the  figure  and  magnitude  of  the  earth,  we 
could  not  ascertain  the  distance  of  the  moon  or  any  other 
celestial  body.  In  the  above  explanation  I  have  merely 
stated  the  principle  on  which  astronomers  proceed  in  mea- 
suring the  distances  of  liodi«s  in  the  heavens,  without  de- 
scending into  details.  For  a  more  particular  explanation 
and  illustration  of  this  subject,  the  reader  is  referreil  to  the 
author's  work  entitled  "  Celestial  Scenery,"  chap,  vii,  where 
the  subject  is  pretty  fully  and  popularly  treated. 
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least  two-thirds  of  its  surface,  and  of  course  the 
land  cannot  occupy  more  than  one-tliird.  Sup- 
posing it-  to  be  only  one-fourth  of  tiie  earth's 
surface,  it  will  contain  49,388,040  square  miles, 
which  is  consi.lerably  more  than  what  is  stated  in 
most  of  our  kite  systems  of  Geography;  in  some 
of  which  the  extent  of  the  land  is  rated  at  39 
millions,  and  in  others  so  tow  as  30  millions  of 
square  miles  —  the  former  of  which  statements 
being  less  than  one-fifth,  and  the  latter  less  than 
one-sixth  of  the  surface  of  the  globe.  But  it  is 
quite  obvious  that  the  extent  of  the  land  cannot 
be  less  than  one-fourth  of  the  area  of  the  globe, 
and  must,  therefore,  comprehend  at  least  about 
50  millions  of  square  miles.  And  if  a  large  arctic 
continent,  eleven  hundred  leagues  in  length,  exist 
aroun  I  the  North  Pole,  as  some  French  philoso- 
phers infer,  from  Captain  Parry's  late  discoveries* 
— the  quantity  of  land  on  the  terraqueous  globe  will 
be  much  greater  than  what  has  now  been  stated. 

Genekal  Division's  of  the  Earth. — The  sur- 
face of  the  earth  is  divided,  from  north  to  south, 
by  two  binds  of  earth,  and  two  of  water.  The 
first  band  of  earth  is  the  ancient  or  Eastern 
Continent,  comprehending  Europe,  Asia,  and  Af- 
rica; the  greatest  length  of  which  is  found  to  be 
in  a  line  beginning  on  the  east  point  of  the  north- 
ern part  of  Tartary,  and  extending  from  thence 
to  the  Cape  of  Good  Hoi)e,  which  measures  about 
10,090  miles,  in  a  direction  nearly  from  north- 
east to  south-west;  but  if  measured  according  to 
the  meridians,  or  from  north  to  south,  it  extends 
only  7500  miles,  from  the  northernmost  cape  in 
Lapland  to  the  Cape  of  Good  Hope.  This  vast 
body  of  land  contains  about  36  millions  of  square 
miles,  forming  nearly  one-fifth  of  the  whole  sur- 
face of  the  globe.  The  other  band  of  earth  is 
what  is  commonly  called  the  New  Continent, 
which  comprehends  North  and  South  America. 
Its  greatest  length  lies  in  a  line  beginning  at  the 
south  of  the  river  Plata,  passing  through  the 
island  of  Jamaica,  and  terminating  beyond  Hud- 
son's Bay  ;  and  it  measures  about  8000  miles. 
This  body  of  land  contains  about  14  millions  of 
square  miles,  or  somewhat  more  than  a  third  of 
the  Old  Continent. 

It  may  not  be  improper  here  to  remark,  that 
the  two  lines  now  mentioned,  which  measure  the 
greatest  length  of  the  two  continents,  divide  them 
into  two. equal  parts,  so  that  an  equal  portion  of 
land  lies  on  each  side  of  these  lines,  and  that  each 
of  the  lines  has  an  inclination  of  about  30  degrees 
to  the  equator,  but  in  opposite  directions;  that  of 
the  old  continent  extending  from  the  north-east 
to  the  south-west;  and  that  of  the  new  continent, 
from  the  north-west  to  the  south-east;  and  that 
they  both  terminate  at  the  same  degree  of  north- 
ern and  southern  latitude.  It  may  also  be  noticed, 
that  the  old  and  new  continents  are  almost  oppo- 
site to  each  other,  and  that  the  old  is  more  exten- 
sive to  the  north  of  the  equator,  and  the  new 
more  extensive  to  the  south.  The  center  of  the 
old  continent  is  in  the  17lh  degree  of  north  lati- 
tude, and  the  center  of  the  riew,  in  the  17th  de- 
gree of  south  latitude;  so  that  they  seem  to  be 
made  to  counterbalance  each  other,  in  order  to 
preserve  the  equability  of  the  diurnal  rotation  of 
the  earth.  There  is  also  a  singular  connection 
between  the  two  continents,  namely,  that  if  they 
were  divided  into  two  ])arts,  all  four  would  be  sur- 
rounded by  the  sea,  were  it  not  for  the  two  small 
necks  of  land  called  the  isthmuses  of  Suez  and 
Panama.f 

Between  the  two  continents  now  mentioned  lie 


See  Montlily  Magazine,  Ai)ril,  18^:!,  p.  259. 
t  See  Bufion's  Natural  History,  vol.  i. 


two  immense  bands  of  water,  termed  the  Pacific 
and  the  Atlantic  oceans,  whoso  greatest  length  ia 
likewi.so  in  a  direction  from  north  to  south 

Beside  the  two  bands  of  earth  to  wliich  I  have 
adverted,  many  extensive  portions  of  land  are 
dispersed  through  the  ocean,  which  covers  the 
remaining  part  of  the  earth's  surface;  particularly 
the  extensive  regions  of  New  Holland,  which 
occupy  a  space  nearly  as  large  as  the  wliole  of 
Europe,  and  the  Arctic  continent,  which  probably 
exists  within  the  North  Polar  regions,  and  which 
some  French  writers  propose  to  designate  by  tlie 
name  of  Bnreasia,  is,  in  all  probability,  of  equal 
extent.  There  are  also  the  extensive  islands  of 
New  Guinea,  Borneo,  Madagascar,  Sumatra, 
Japan,  Great  Britain,  New  Zealand,  Ceylon, 
Iceland,  Cuba,  Java,  and  thousands  of  others,  of 
different  dimensions,  scattered  through  the  Paci- 
fic, the  Indian,  and  the  Atlantic  oceans,  and 
which  form  a  very  considerable  portion  of  the 
habitable  regions  of  the  globe. 

General  Features  of  the  Earth's  Surface. — 
In  taking  a  general  survey  of  the  e.\te.rnal  fea- 
tures of  the  earth,  the  most  prominent  objects 
that  strike  the  eye,  are  those  huge  elevations 
wl'.ich  rise  above  the  level  of  its  general  surface, 
termed  Hills  and  Mountains.  These  are  distri- 
buted in  various  forms  and  sizes,  through  every 
portion  of  the  continents  and  islands;  and,  run- 
ning into  immense  chains,  form  a  sort  of  connect- 
ing band  to  the  other  portions  of  the  earth's  sur- 
face. The  largest  mountains  are  generally-formed 
into  immense  chains,  which  extend,  in  nearly  the 
same  direction,  for  several  hundreds  and  even 
thousands  of  miles.  It  has  been  observed,  by 
some  philosophers,  that  the  most  lofty  mountains 
form  two  immense  ridges  or  belts,  which,  with 
some  interruptions,  extend  around  the  whole 
globe  in  nearly  the  same  direction.  One  of  these 
ridges  lies  between  the  45th  and  55lh  degrees  of 
north  latitude.  Beginning  on  the  western  shores 
of  France  and  Spain,  it  extends  eastward,  includ- 
ing the  Alps  and  the  Pyrenees,  in  Europe,  the 
Uralian  and  Alt^'.ic  mountains,  in  Asia — extend- 
ing from  thence  to  the  shores  of  Kamtschatka, 
and,  after  a  short  interruption  from  the  sea,  they 
rise  again  on  the  western  coast  of  America,  and 
terminate  at  Canada,  near  the  eastern  shore.  It 
is  supposed  that  the  Chain  is  continued  com- 
pletely round  the  globe,  through  the  space  that  is 
covered  by  the  Atlantic  ocean,  and  that  the 
Azores,  and  other  islands  in  thi^.t  direction,  are 
the  only  summits  that  are  visible,  until  we  come 
to  the  British  isles.  The  other  ridge  runs  along 
the  southern  hemisphere,  between  the  20th 
and  30th  degrees  of  south  latitude,  of  which 
detached  portions  are  found  in  the  mountains  of 
Tucuman  and  of  Paragliay,  in  South  America; 
of  Monomotapa  and  CafFraria,  in  Africa;  in  New 
Holland,  New  Caledonia,  the  New  Hebrides,  the 
Friendly,  the  Society,  and  other  islands  in  the 
Pacific  ocean.  From  these  ridges  flow  a  variety 
of  ramifications  in  both  hemispheres,  toward  the 
Equator  and  the  Poles,  which  altogether  present 
a  magnificent  scenery,  wh.ch  diversifies  and  enli- 
vens the  surface  of  our  globe. 

The  highest  mountains  in  the  world,  according 
to  some  late  accounts  published  in  the  "  Transac- 
tions of  the  Asiatic  Society,"  are  the  Himalaya 
chain,  north  of  Bengal,  on  the  borders  of  Thibet. 
The  highest  mountain  in  this  -auge  is  stated  to 
be  about  27,000  feet,  or  a  little  more  than  five 
miles  in  perpendicular  hight,  and  is  visible  at  the 
distance  of  230  miles.  Nineteen  diflTerent  moun- 
tains in  this  chain  are  stated  to  be  above  four 
miles   in  perpendicular   elevation.     Next   to   the 
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Himalayas  are  the  Andes,  in  South  America,  ] 
which  extend  more  than  4000  miles  in  lengtli, 
from  tiie  province  of  Quito  to  the  straits  of  Ma- 
gellan. The  highest  summit  of  the  Andes  is 
Chimboracco,  which  is  said  to  be  20,600  feet,  or 
nearly  four  miles,  above  the  level  of  the  sea.  The 
highest  mountains  in  Europe  are  the  Alps,  which 
run  through  Switzerland  and  the  north  of  Italy, 
— the  Pyrenees,  which  separate  France  from 
Spain,  and  the  Dofrafield,  which  divide  Norway 
from  Sweden.  The  most  elevated  ridges  in  Asia 
are  Mount  Taurus,  Imaus,  Caucasus,  Ararat,  the 
Uralian,  the  Altaian,  and  the  Mountains  of  Japan, 
-in  Africa,  Mount  Atlas,  and  the  Mountains  of 
the  Moon.  Some  of  the  mountains  in  these 
ranges  are  found  to  contain  immense  caverns  or 
perforations,  of  more  than  two  miles  in  circum- 
ference, reacliing  from  their  summits  to  an  immea- 
surable depth  in  the  bowels  of  the  earth.  From 
these  dreadful  openings  are  frequently  thrown 
up,  to  an  immense  liight,  torrents  of  fire  and 
smoke,  rivers  of  melted  metals,  clouds  of  ashes 
and  cinders,  and  sometimes  red-hot  stones  and 
enormous  rocks,  to  the  distance  of  several  miles, 
accompanied  with  thunders,  lightnings,  darkness, 
and  horrid  subterraneous  sounds — producing  the 
most  terrible  devastations  through  all  the  sur- 
rounding districts.  The  most  noted  mountains 
of  this  kind  in  Europe  are  mount  Hecla,  hi  Ice- 
land; Etna,  in  Sicily  ;  and  Vesuvius,  near  the 
city  of  Na])les,  in  Italy.  Numbers  of  volcanoes 
are  also  to  be  found  in  South  America,  in  Africa, 
in  the  islands  of  the  Indian  ocean,  and  in  the 
empire  of  Japan.* 

We  who  live  in  Great  Britain  where  the  high- 
est mountain  is  little  more  than  three  quarters  of 
a  mile  in  perpendicular  elevation,  can  form  no 
adequate  idea  of  the  magnificence  and  awful  sub- 
limity of  the  mountain  scenery  in  some  of  the 
countries  now  mentioned,  especially  wlien  the 
volcano  is  belching  forth  its  flames  with  a  raging 
noise,  and  spreading  terror  and  desolation  around 
its  base.  From  the  tops  of  the  lofty  ridges  of  the 
Andes,  the  most  grand  and  novel  scenes  some- 
times burst  upon  the  eye  of  the  astonished  tra- 
veler. He  beholds  the  upper  surface  of  the  clouds 
far  below  him  covering  the  subjacent  plain,  and 
surrounding,  like  a  vast  sea,  the  foot  of  the  moun- 
tain; while  the  place  on  which  he  stands  appears 
like  an  island  in  the  midst  of  the  ocean.  He  sees 
the  lightnings  issuing  from  the  clouds,  and  hears 
the  noise  of  the  tempest  and  the  thunders  roll- 
ing far  beneath  his  feet,  while  all  is  serene  around 
him,  and  the  blue  vault  of  heaven  appears  with- 
out a  cloud.  At  other  times  he  contemplates  the 
most  sublime  and  extensive  prospects — mountains 
ranged  around  him,  covered  with  eternal  snows, 
and  surrounding,  like  a  vast  amphitheater,  the 
plains  below — rivers  winding  from  their  sources 
toward  the  ocean  —  cataracts  dashing  headlong 
over  tremendous  cliffs — enormous  rocks  detached 
from  their  bases,  and  rolling  down  the  declivity 
of  the  mountains  with  a  noise  louder  than  thun- 
der— frightful  precipices  impending  over  his  head 
— unfathomable  caverns  yawning  from  below — 
and  the  distant  volcano  sending  forth  its  bellow- 
ings,  with  its  top  enveloped  in  fire  and  smoke. 
Those  who  have  studied  nature  on  a  grand  scale 
have  always  been  struck  with  admiration  and 
nstonishment  at  the  sublime  and  awful  exhibition 
of  wonders  which  mountainous  regions  exhibit; 
and  perhaps  there  is  no  terrestrial  scene  which 
presents,  at  one  view,  so  many  objects  of  over- 


•  A  more  particnlar  description  of  the  phenomena  of  these 
lenific  ubjects  will  be  found  in  chap,  iv,  iect.  2. 


powering  magnitude  and  grandeur,  and  which 
inspires  the  mind  with  so  impressive  an  idea  of 
the  power  of  that  Almighty  Being,  who  "  weigh- 
eth  the  mountains  in  scales,  and  taketh  up  tha 
isles  as  a  very  little  thing." 

The  Ocean. — The  ocean  surrounds  the  earth 
on  all  sides,  and  penetrates  into  the  interior  parts 
of  different  countries,  sometimes  by  large  open- 
ings, and  frequently  by  small  straits.  Could  the 
eye  take  in  this  immense  sheet  of  waters  at  one 
view,  it  would  appear  the  most  august  object 
under  the  whole  heavens.  It  occupies  a  space  on 
the  surface  of  the  globe  at  least  three  times  greater 
than  that  which  is  occupied  by  the  land  ;  com- 
prehending an  extent  of  148  millions  of  square 
miles.  Though  the  ocean,  strictly  speaking,  is 
but  one  immense  body  of  waters,  extending  in 
different  directions,  yet  different  names  have  been 
appropriated  to  difft-rcnt  portions  of  its  surface 
That  portion  of  its  waters  which  rolls  between 
the  western  coast  of  America,  and  the  eastern 
shores  of  Asia,  is  called  the  Pacific  ocean;  and 
that  portion  which  separates  Europe  and  Africa 
from  America,  the  Atlantic  ocean.  Other  portions 
are  termed  the  Northern,  Southern,  and  Indian 
oceans.  When  its  waters  penetrate  into  the  land, 
they  form  what  are  called  gulfs,  and  mediter- 
ranean seas.  But  witliout  following  it  through 
all  its  windings  and  divisions,  I  shall  sim[>ly  state 
a  few  general  facts. 

With  regard  to  the  depth  of  this  body  of  water, 
no  certain  conclusions  have  yet  been  formed. 
Beyond  a  certain  depth,  it  has  hitherto  been  found 
unfathomable.  We  know,  in  general,  that  the 
depth  of  the  sea  increases  gradually  as  we  leave 
the  sliore;  but  we  have  reason  to  believe  that  this 
increase  of  depth  continues  only  to  a  certain  dis- 
tance. The  numerous  islands  scattered  every- 
where through  the  ocean,  demonstrate,  that  the 
bottom  of  the  waters,  so  far  from  uniformly  sink- 
ing, sometimes  rises  into  lofty  mountains.  It  is 
highly  probable,  that  the  depth  of  the  sea  is  some- 
what in  proportion  to  the  elevation  of  the  land; 
for  there  is  some  reason  to  conclude,  that  the 
present  bed  of  the  ocean  formed  the  inhabited 
part  of  the  ancient  world,  previous  to  the  general 
Deluge,  and  that  we  are  nuw  occupying  the  bed 
of  the  former  ocean;  and  if  so,  its  greatest  depth 
will  not  exceed  four  or  five  miles;  for  there  is  no 
mountain  that  rises  higher  above  the  level  of  the 
sea.  But  the  sea  has  never  been  actually  sound- 
ed to  a  greater  depth  than  a  mile  and  60  feet 
Along  the  coast  its  depth  has  always  been  found 
proportioned  to  the  hight  of  the  shore;  where 
the  coast  is  high  and  mountainous,  the  sea  that 
washes  it  is  deep;  but  where  the  coast  is  low,  the 
water  is  shallow.  To  calculate  the  quantity  of 
water  it  contains,  we  must  therefore  suppose  a 
medium  depth.  If  we  reckon  its  average  depth 
at  two  miles,  it  will  contain  296  millions  of  cubi- 
cal miles  of  water.  We  shall  have  a  more  speci- 
fic idea  of  this  enormous  mass  of  water,  if  we 
consider,  that  it  is  sufficient  to  cover  the  whole 
globe,  to  the  hight  of  more  than  eight  thousand 
feet;  and  if  this  water  were  reduced  to  one  spheri- 
cal mass,  it  would  form  a  globe  of  more  than  800 
miles  in  diameter. 

With  regard  to  its  bottom — As  the  sea  covers 
so  great  a  portion  of  the  globe,  we  should,  no 
doubt,  by  exploring  its  interior  recesses,  discover 
a  vast  number  of  interesting  objects.  So  far  as 
the  bed  of  the  ocean  has  been  explored,  it  is  found 
to  bear  a  great  resemblance  to  the  surface  of  the 
dry  land;  being,  like  it,  full  of  plain-s,  caverns, 
rocks,  and  mountains,  some  of  which  are  abrupt 
and  almost  peroeudicular,  while  others  rise  with 
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a  gentle  acclivity,  and  sometimes  tower  above 
the  water,  and  form  islands.  The  materials,  too, 
which  compose  the  bottom  of  the  sea  are  the 
same  wliich  form  the  bases  of  tiie  dry  land.  It 
also  resembles  the  land  in  another  remarkable 
particular; — many  fresh  springs,  and  even  rivers, 
rise  out  of  it;  an  instance  of  which  occurs  near 
Goa,  on  tiie  western  coast  of  Hindostan,  and  in 
the  Mediterranean  sea,  not  far  from  Marseilles. 
The  sea  sometimes  assumes  different  colors.  The 
materials  which  compose  its  bottom  cause  it  to 
reflect  different  hues  in  different  places;  and  its 
appearance  is  also  affected  by  the  winds  and  by 
the  sun,  while  the  clouJs  that  pass  over  it  com- 
municate all  thi.'ir  varied  and  fleeting  colors. 
When  the  sun  shines,  it  is  green;  when  he  gleams 
through  a  fog,  it  is  yellow;  near  the  poles,  it  is 
black;  while  in  the  torrid  zone,  its  color  is  often 
brown;  and,  on  certain  occasions,  it  assumes  a 
luminous  appearance,  as  if  sparklirig  with  fire. 

The  oc?an  has  three  kinds  of  viotions.  The  first 
is  that  undulation  which  is  produced  by  the  wind, 
and  which  is  entirely  confined  to  its  surface.  It 
has  been  ascertained  that  this  motion  can  be 
destroyed,  and  its  surface  rendered  smooth,  by 
throwing  oil  upon  its  waves  The  second  motion 
is  that  continual  tendency  which  the  whole  water 
in  the  sea  has  toward  the  west,  which  is  greater 
near  the  equator  than  toward  the  poles.  It  be- 
gins on  the  west  side  of  America,  where  it  is  mo- 
derate; but  as  the  waters  advance  westward,  their 
motion  is  accelerated;  and,  after  having  traversed 
the  globe,  they  return,  and  strike  with  great  vio- 
lence on  the  eastern  shore  of  South  America. 
Being  stopped  by  that  continent,  they  rush,  with 
impetuosity,  into  the  Gulf  of  Mexico,  thence 
they  proceed  along  the  coast  of  North  America, 
until  they  come  to  the  south  side  of  the  great 
bank  of  Newibun;lland,  when  they  turn  ofl"  and 
run  down  through  the  Western  isles.  This  mo- 
tion is  nmst  probably  owing  to  the  diurnal  revolu- 
tion of  the  earth  on  its  axis,  which  is  in  a  direc- 
tion contrary  to  the  motion  of  the  sea.  The  third 
motion  of  the  sea  is  the  tide,  which  is  a  regular 
swell  of  the  ocean  every  l2'o  hours.  This  mo- 
tion is  now  ascertuiued  to  be  owing  to  the  attrac- 
tive influence  of  the  moon,  and  also  partly  to 
that  of  the  sun.  There  is  always  a  flux  and  re- 
flux at  the  same  time,  in  two  parts  of  the  globe, 
and  the  ;e  are  opposite  to  each  other;  so  that 
when  our  Antipoijes  iiave  high  water,  we  have  the 
same.  When  the  attractive  powers,  of  the  sun 
and  moon  act  in  the  same  direction,  which  hap- 
jiens  at  the  time  of  new  and  full  moon,  we  have 
the  highest,  or  sprirtg  tides;  but  when  their  attrac- 
tion is  opposed  to  each  other,  which  hapjjcns  at 
the  quarters,  we  have  the  lowest,  or  neap  tides. 

Such  is  the  ocean,  a  most  stupendous  scene  of 
Omni(iote!ice,  which  forms  the  most  magnificent 
feature  of  tlie  globe  we  inhabit.  When  we  stand 
on  the  sea-shore,  and  cast  our  eyes  over  the  ex- 
panse of  its  waters,  until  the  sky  and  the  waves 
seem  to  mingle,  all  that  the  eye  can  take  in  at  one 
survey  is  but  an  inconsiderable  spccA;,  less  than  the 
hundrcd-thousandtli  part  of  the  whole  of  this  vast 
abyss.  If  ever}'  drop  of  water  can  be  divided  into 
26  millions  of  distinct  parts,  as  some  philosophers 
have  demonstrated,*  what  an  immense  assemblage 
of  wate'-y  particles  must  be  contained  in  the  un- 
fathomable caverns  of  the  ocean!  Here  the  pow- 
ers of  calculation  are  completely  set  at  defiance; 
and  an  image  of  infinity,  immensity,  and  endless 
duration,  Is  presented  to  the  mind.     This  mighty 

•The  demonstration  of  this  proposition  may  be  seen  in 
Nieuwentyt's  ilcligious  Philosopher,  vol.  iii,  p.  852. 


expanse  of  waters  is  the  grand  reservoir  of  Nature, 
aitd  the  source  of  evaporation,  which  enriches  the 
earth  with  fertility  and  verdure.  Every  cloud 
which  floats  in  the  atmosphere,  and  every  foun- 
tain, and  rivulet,  and  flowing  stream,  are  indebt- 
ed to  this  inexhaustible  source  for  those  watery 
treasures  which  they  distribute  through  every  re- 
gion of  the  land.  In  tine,  whether  we  consider 
tiie  ocean  as  rearing  its  tremendous  billows  in  the 
midst  of  the  tempest,  or  as  stretched  out  into  a 
smooth  expanse — whether  we  consider  its  im- 
measurable extent,  its  mighty  movements,  or  the 
innumerable  beings  which  glide  through  its  roll- 
ing waves — we  cannot  but  be  struck  with  astonish- 
ment at  the  grandeur  of  that  Omnipotent  Being 
who  holds  its  waters  in  the  "  hollow  of  his  hand," 
and  who  has  said  to  its  foaming  surges,  ••  Hither- 
to shalt  thou  come,  and  no  farther;  and  here  shall 
thy  proud  waves  be  stayed." 

Rivers. — Tlie  next  feature  of  the  earth's  surface 
which  may  be  noticed,  is  the  rivers  with  which  it 
is  indented  in  every  direction.  These  are  exceed- 
ingly numerous,  and  seem  to  form  as  essential  a 
part  in  the  constitution  of  our  globe,  as  the  moun- 
tains from  which  they  flow,  and  as  the  ocean  to 
which  they  direct  their  course.  It  is  reckoned, 
that  in  the  old  continent,  there  are  only  about  4.30 
rivers,  which  fall  directly  into  the  ocean,  or  into 
the  Mi5diterranean  and  the  Black  seas;  but  in  the 
new  continent,  there  are  only  about  145  rivers 
known,  which  fall  directly  into  the  sea.  In  this 
enumeration,  however,  only  the  great  rivers  are 
included,  such  as  the  Thames,  the  Danube,  the 
Wolga,  and  the  Rhone.  Beside  these,  there  are 
many  thousands  of  streams  of  smaller  dimensions, 
which,  rising  from  the  mountains,  wind  in  every 
direction,  until  they  fall  into  the  large  rivers,  or 
are  carried  into  the  ocean.  The  largest  rivers 
in  Europe  are — the  Wolga,  which,  rising  in  the 
northern  parts  of  Russia,  runs  a  course  of  1700 
miles,  until  it  falls  into  the  Caspian  sea — the 
Danube,  whose  course  is  1300  niiles,  from  the 
mountains  in  Switzerland  to  the  Black  sea — and 
the  Don,  wliich  runs  a  course  of  1200  miles.  The 
greatest  rivers  in  Asia  are — the  Hoanho,  in  China, 
whose  course  is  2490  miles — the  Boorhampooter, 
the  Euphrates,  and  the  Ganges.  The  longest 
r.ver  in  Africa  is  the  Nile,  the  course  of  which  is 
estimated  at  2000  miles.  In  the  continent  of 
America,  the  rivers  appear  to  be  formed  on  the 
grandest  scale,  both  as  to  the  length  of  their 
course,  and  the  vast  body  of  waters  which  they 
pour  iivto  the  ocean.  The  Amazon,  the  largest 
river  in  the  world,  runs  a  course  of  above  .3000 
miles  across  the  continent  of  South  America, 
until  it  falls  into  the  Atlantic  ocean,  where  it  dis- 
charges a  body  of  waters  150  miles  in  breadth. 
Next  to  this  is  the  river  St.  Lawrence,  which  is 
more  than  2400  miles  from  its  mouth  through  the 
lake  of  Ontario  to  the  lalvC  Alempigo  and  the  As- 
siniboins;  and  the  rivers  La  Plata  and  Mississippi, 
each  of  whose  courses  is  not  less  than  2000  miles. 

When  we  consider  the  number  and  the  magni- 
tude of  these  majestic  streams,  it  is  evident,  that 
an  enormous  mass'^of  water  is  continually  pour- 
ing into  the  ocean  from  every  direction.  From 
observations  wliich  have  been  made  on  the  river 
Po,  which  runs  through  Lombardy,  ana  waters  a 
tract  of  land  380  miles  long  and  120  bioad,  it  is 
found,  that  it  moves  at  the  rate  of  four  miles  an 
hour,  is  1000  feet  broad  and  10  feet  in  depth,  and 
consequently,  supplies  the  sea  with  5()G8  millions 
of  cubical  feet  of  water  in  a  day,  or  a  cubical 
mile  in  29  days.  On  the  supposition  that  the 
quantity  of  water  which  the  sea  receives  from  the 
great  rivers  in  all  countries,  is  proportional  to  the 
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exteat  and  surface  of  these  countries,  it  will  fol- 
/ow.  tliat  the  quantity  of  waters  carried  to  the  sea 
bj  all  the  other  rivers  on  the  globe,  is  1083  times 
greater  than  that  furnished  by  the  Po  (supposing 
the  land,  as  formerly  stated,  to  contain  about  49 
millions  of  square  miles),  and  will  supply  the 
ocean  with  13,630  cubical  miles  of  water  in  a 
year.  Now  reckoning  the  ocean,  as  formerly,  to 
contain  296  millions  of  cubical  miles  of  water, 
this  last  number  divided  by  the  former,  will  give 
a  quotient  of  21,716.  Hence  it  appears,  that, 
were  tiie  ocean  completely  drained  of  its  waters, 
it  would  require  more  than  twenty  thousand  years  * 
before  its  caverns  could  be  again  completely  filled 
by  all  the  rivers  in  the  world  running  into  it,  at 
their  present  rate. 

Here  two  questions  will  naturally  occur  — 
Whence  do  the  rivers  receive  so  constant  a  sup- 
ply of  water?  and.  Why  has  not  the  ocean  long 
ago  overflowed  the  world,  since  so  prodigious  a 
mass  of  water  is  continually  flowing  into  its 
abyss?  This  was  a  difficulty  which  long  puzzled 
philosophers;  but  it  is  now  satisfactorily  solved, 
from  a  consideration  of  the  effects  of  evaporation. 
By  the  heat  of  the  sun,  the  particles  of  water  are 
drawn  up  ijito  the  atmosphere,  from  the  surface 
of  the  ocean,  and  float  in  the  air  in  the  form  of 
clouds,  or  vapor.  These  vapors  are  carried,  by 
the  winds,  over  the  surface  of  the  land,  and  are 
again  condensed  into  water  on  the  tops  and  the 
sides  of  the  mountains,  which,  gliding  down  into 
their  crevices  and  caverns,  at  length  break  out 
into  springs,  a  number  of  which  meeting  in  one 
common  valley,  become  a  river;  and  many  of 
these  united  together,  at  length  form  such  streams 
as  the  Tay,  the  Thames,  the  Danube,  and  the 
Rhine.  That  evaporation  is  snfHcient  to  account 
for  this  f'ffect,  has  been  demonstrated  by  many 
experiments  and  calculations.  It  is  found,  that 
from  tlie  surface  of  the  Mediterranean  sea,  which 
contains  762,000  square  miles,  there  are  drawn  up 
into  the  air  ever)'  day,  by  evaporation,  5280  mil- 
lions of  tons  of  water,  while  the  rivers  which  flow 
into  it  yield  only  lb27  millions  of  tons  in  the 
same  time;  so  that  there  is  raised  in  vapor  from 
the  Mediterranean  nearly  three  times  the  quantity 
of  water  which  is  poured  into  it  by  all  its  rivers. 
One  third  of  this  falls  into  the  sea  before  it  reaches 
the  land;  another  part  falls  on  the  low  lands,  for 
the  nourishment  of  plants;  and  the  otlier  third 
part  is  quite  sufficient  to  supply  the  sources  of  all 
the.  rivers  which  run  into  the  sea.  This  is  in  full 
conformity  to  what  was  long  ago  stated  by  an 
Inspired  Naturalist;  "All  the  rivers  run  into  the 
sea,  and  yet  the  sea  is  not  full;  unto  the  place 
from  whence  the  rivers  came,  thither  do  they  re- 
turn again;"  but,  before  they  regain  their  former 
place  they  make  a  circuit  over  our  heads  through 
the  regions  of  the  atmosphere. 

Such  are  the  varied  movements  and  transforma- 
tions which  are  incessantly  going  on  in  the  rivers, 
the  ocean,  and  the  atmosphere,  in  order  to  pre- 
serve the  balance  of  nature,  and  to  supply  the  ne- 
cessities of  the  animal  and  vegetable  tribes;  all 
under  the  agency  and  direction  of  Him  who 
"  formed  the  sea  and  the  dry  land,"  and  who  has 
arranged  all  things  in  number,  weight,  and  mea- 
sure, to  subserve  the  purposes  of  his  will. 

Rivers  serve  many  important  purposes  in  the 


*  Buffon  malses  this  result  to  be  812  years,  in  which  he  is 
tbiloweii  by  Goldsmith,  and  more  subsequent  writers;  bat 
he  priiceeils  on  the  false  assumption,  that  the  ocean  covers 
only  half  the  surface  of  the  globe,  and  that  it  contains  only 
So  millions  of  siiiiare  miles,  and  he  estimates  the  average 
de|)tli  of  llie  ocean  to  be  only  MO  yards,  or  one-iourlh  of  a 
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economy  of  our  globe.  They  carry  off  the  re- 
dundant waters  which  fall  in  rains,  or  which  ooze 
from  the  springs,  which  might  otherwise  settle 
into  stagnant  pools;  they  supply  to  the  seas  the 
loss  of  waters  occasioned  by  their  daily  evapora- 
tion; they  cool  the  air,  and  give  it  a  gentle  circu- 
lation; they  fertilize  the  countries  through  which 
they  flow;  their  waters  afford  a  wholesome  drink, 
and  the  fishes  they  contain  a  delicious  food  for 
the  nourishment  of  man;  they  facilitate  com- 
merce, by  conveying  the  productions  of  nature 
and  art  from  the  inland  countries  to  the  sea;  they 
form  mechanical  powers  for  driving  machinery 
of  different  kinds;  they  enliven  and  diversify  the 
scenery  of  the  countries  through  which  they 
pass;  and  the  cataracts  which  they  frequently 
form  among  the  mountains,  present  us  with 
scenes  the  most  picturesque  and  sublime;  so 
that  every  part  of  the  copstitution  of  nature 
is  rendered  subservient  both  to  utility  and  to 
pleasure. 

Waving  the  consideration  of  other  particulars, 
I  shall  simply  state  some  of  the  artificial  divisions 
of  the  earth,  and  two  or  three  facts  respecting  its 
inhabitants. 

The  LAND  has  generally  been  divided  into  four 
parts,  Europe,  Asia,  Africa,  and  America,  to 
which  has  been  lately  added  the  division  called 
Australasia,  which  comprehends.  New  Holland, 
New  Guinea,  New  Zealand,  Van  Dieman's  Land, 
and  several  other  islands  in  the  Pacific  ocean. 

Europe  comprehends  the  following  countries — 
Norway,  Sweden,  Denmark,  Russia,  Prussia, 
Germany,  Austria,  Turkey,  Italy,  Switzerland, 
F^rance,  Holland,  Belgium,  or  the  Netherlands, 
Spain,  Portugal,  and  Great  Britain  and  Ireland, 
together  with  the  islands  of  Sicily,  Malta,  Can- 
dia,  Corsica,  Sardinia,  Majorca,  Minorca,  Ivica, 
Zealand,  Funen,  Gothland,  Iceland,  and  several 
others  of  smaller  note. 

Europe  is  the  smallest  of  the  five  grand  divi- 
sions of  the  globe.  Its  greatest  extent  is  from 
northeast  to  southwest,  namely,  from  the  mouth 
of  the  Kara  in  N.  Lat.  63°  40"  to  the  rock  of 
Lisbon  in  N.  Lat.  38°  45",  which  is  computed  at 
.'j400  British  miles.  Its  greatest  breadth,  from 
Cape  Matapan,  in  the  Morea,  to  the  North  Cape 
of  Norway,  is  computed  at  2350  miles.  Its  su- 
perficial contents  have  been  computed  at  3,650,- 
000  square  miles,  or  2,336,000,000  English  acres, 
reckoning  640  to  the  square  mile.  Its  form  is 
singularly  broken  and  varied,  being  split  into 
many  distinct  portions,  peninsulas,  and  large 
islands  with  extended  and  winding  coasts,  which 
arises  chiefly  from  the  number  of  its  inland  seas, 
of  which  the  Mediterranean,  the  Baltic,  and  the 
Black  sea,  are  the  most  important.  Its  rivers  are 
numerous,  the  largest  of  which  are  the  Rhine,  the 
Rhone,  the  Wolga,  and  the  Danube.  Its  moun- 
tains do  not  reach  that  stupendous  hight,  nor  ex- 
tend in  such  unbroken  chains,  as  those  of  Asia 
and  America.  Its  highest  ranges  are  the  Alps 
and  Pyrenees,  the  Appennines  in  Italy,  and  the 
Dofraficid,  in  Norway-  Its  lakes,  though  numer- 
ous, are  comparatively  small;  those  of  Ladoga 
and  Onega  alone  being  of  any  commercial  im- 
portance. Its  soil  is  distinguished  for  its  valuable 
productions:  Grain  of  different  kinds  is  raised 
over  its  whole  surface,  except  in  the  extreme 
north — wines  throughout  all  its  southern  region; 
and  it  is  equally  productive  in  hemp,  flax,  wool, 
and  silk.  Its  northern  forests  produce  some  of 
the  finest  timber  in  the  world;  and  the  iron  of 
Europe  surpasses  that  of  any  other  country.  Tiie 
cultivation  of  the  soil  is  carried  on  with  great 
diligence,  and  in  point  of  science,  skill,  and  the 
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extent  of  capital  employed  upon  it,  and  upon 
every  brancii  of  coininL-rce  anJ  nuiiaifacture,  it 
stands  unrivaloJ  among  tlie  otinT  cuiiiitri  s  of  the 
globe.  Its  commerce  is  on  a  very  extensive  scale, 
and  in  nianiifactiiring  skill  it  has  surpiisscd  every 
other  country,  holh  in  the  variety  ana  the  cheap- 
ness of  its  productions.  European  vessels,  con- 
veying articles  and  rnanufacturL-s  of  all  descrip- 
tions, are  to  be  found  at  the  utmost  bounds  of 
Asia  anil  America,  in  the  snowy  regions  of  the 
poles,  and  crowding  the  ports  of  New  Holland, 
Van  Dieman's  Lun>l,  New  Zealand,  and  the  islands 
of  t!ie  ln;:ian  and  Pacific  oceans. 

Tiie  population  of  Europe  is  now  reckoned  to 
amount  to  aliout '-200  millions.  Its  inhabitants  are 
divi.ied  chiefly  into  three  races,  the  Sclavonic, 
Teutonic,  and  Romish  races.  The  Sclavonic  coii- 
Eists  of  about  25  millions  of  Russians,  10  millions 
of  Poles,  and  10  millions  in  otlier  adjacent  coun- 
tries. The  Teutonic  race,  which  occupy  the 
greater  part  of  Scandinavia,  the  Netherlands,  and 
Great  Britain,  may  be  estimated  at  50  millions. 
The  Roviish  race  includes  the  inhabitants  of 
Southern  Europe,  France,  Italy,  Spain,  etc.,  and 
may  be  estimated  at  about  80  millions.  The  Celts 
in  Scotland,  Ireland,  Wales,  and  Spain,  are  the 
remains  of  the  most  ancient  inhabitants  of  West- 
ern Europe,  and  may  amount  to  6  railiions.  The 
Greeks  in  Europe  amount  to  2  millions,  and  the 
Jews  throughout  all  Europe  to  about  2  millions. 
The  Tartars,  Turks,  Hungarians,  and  Gypsies, 
which  are  of  Asiatic  origin,  amount  altogether  to 
6  or  7  millions.  Though  this  division  of  the 
earth  is  least  in  point  of  size — being  only  the  one 
sixteenth  part  of  the  terraqueous  globe — it  is  yet 
by  far  thi  greatest  as  to  moral,  political,  and  com- 
mercial importance.  Its  surface  is  in  general 
more  crowded  with  inhabitants  than  most  other 
countries  (China  excepted),  more  improved  by 
cultivation,  more  enriched  by  industry  and  com- 
merce— embellished  with  mighty  cities,  and  splen- 
did works  of  art,  and  illuminated  with  the  reflec- 
tions of  genius.  Here  we  behold  mind  asserting 
its  supremacy  over  matter,  and  man,  the,  lord  of 
this  lower  world,  pursuing  the  high  destiny  origi- 
nallv  assigned  liim  "  to  replenish  the  earth  and 
subdue  it."  In  learning,  arts,  and  sciences.  Eu- 
rope has  far  surpassed  every  other  portion  of  the 
globe;  and  by  the  invention  of  Printing,  knovii- 
edge  of  every  description  is  now  rapidly  difTused, 
and  promoting  tlie  moral  and  intellectual  improve- 
ment of  its  population. 

Asia,  the  largest  and  most  populous  division  of 
the  ancient  continent,  contains  the  empires  of 
China  and  Japan,  Chinese  Tartary,  Thibet,  Hiu- 
dostan,  or  British  India,  the  Birrnan  Empire,  Per- 
sia, Arabia,  Turkey  in  Asia,  Siberia,  Independent 
Tartary,  and  a  variety  of  territories  inhabited  by 
tribes  with  v%'hich  we  are  very  imperfectly  ac- 
quainted; together  with  the  immense  islands  of 
Borneo,  Sumatra,  Java,  Ceylon,  Segalien,  the 
Philippines,  and  thousands  of  others  of  smaller 
dimensions.  The  immense  expanse  of  Asia  pre- 
sents every  possible  variety  of  soil  and  climate,  as 
it  extends  from  the  confines  of  the  polar  regions 
to  the  tropical  climes.  Its  grandest  feature  is  a 
chain  of  mountains  crossing  it  from  the  Mediter- 
ranean to  the  Eastern  seas,  of  which  Taurus, 
Caucasus,  and  the  Himalaya  are  the  portions  best 
known.  One  leading  feature  of  middle  Asia  con- 
sists in  large  lakes  or  inland  seas,  salt  like  the 
ocean,  and  having  no  outlets;  of  which  the  Cas- 
pian, the  Sea  of  Aral,  and  Baikal,  are  the  largest. 
It  contains  many  rivers  of  great  magnitude.  The 
Euphrates,  the  Gai'.gcs,  the  Hoanho,  and  the 
Amur,  in  the  length  of  their  course,  yield  only  to 


the  rivers  of  the  New  world.  This  quarter  of 
the  globi-  is  reckoned  to  be  7500  miles  in  length, 
from  east  to  west,  and  about  5000  miles  in  bri-aoth, 
Jrom  south  to  north,  and  contains  about  IG  mil- 
lions of  square  milet-,  being  more  tlian  four  times 
larger  than  Europe.  Its  inhabitants  have  been 
computed  by  some  writ  ns  to  amount  to  5s()  mil- 
lions. It  was  in  Asia  vvhf?re  the  human  rac '  was- 
lirst  planted;  it  became  the  nursery  of  the  world 
alter  the  universal  deluge,  and  it  was  the  scene  in 
which  the  most  meniorable  transactions  recorded 
in  the  sacred  history  took  place.  But  its  inhabi- 
tants are  now  immersed  in  Mahometan  and  Pagan 
darkness;  and  the  Chjistian  Religion,  except  in  a 
fuiv  insulated  spots,  is  almost  unknown  an;ong  its 
vast  population.  It  is  the  richest  and  most  fruit- 
ful part  of  the  world,  and  produces  cotton,  .-ilks, 
spices,  tea,  coffee,  gold,  silver,  pearls,  diamonds, 
and  precious  stones:  but  despotism,  in  its  worst 
forms,  reigns,  uncontrolled  over  every  part  of  this 
immense  region. 

Africa  comprehends  the  following  kingdoms — 
Morocco,  Algiers,  Tunis,  Tripoli,  Egypt,  Zaara, 
Negroland,  Guinea,  Nubia,  Abyssinia,  Catlraria, 
Dahomey,  Benin,  Congo,  Angola,  and  various 
other  territories.  By  far  the  greater  part  of  Af- 
rica remains  hitherto  unexplored,  and,  conse- 
quentl}',  we  are  possessed  of  a  very  slender  por- 
tion of  information  respecting  the  numerous 
tribes  that  may  inhabit  it.  This  quarter  of  the 
world,  which  once  contained  several  flourishing 
kingdoms  and  states,  is  now  I'educed  to  a  general 
stale  of  barbarism.  That  most  abominable  traf- 
fic, the  slave  trade,  is  carried  on  to  aii  unlimited 
extent  on  its  western  coasts,  by  a  set  of  Europe- 
an ruffians,  whose  villanies  are  a  disgrace  to  hu- 
man nature.  It  is  to  be  hoped,  this  traffic  will, 
ere  long,  be  extirpated  by  the  eftorts  now  making 
by  European  nations,  and  by  the  plans  which  are 
now  concerting  for  promoting  the  religious,  moral, 
and  commercial  improvement  of  this  country. 
The  Christian  Religion  has  lately  been  introduced 
into  its  southern  regions,  in  the  districts  adjacent 
to  the  Cape  of  Good  Hope,  and  the  labors  of  Mis- 
sionaries of  difTerent  denominations  appear,  in 
numerous  instances,  to  have  been  crowned  with 
remarkable  success.* — A  colony  of  blacks,  for- 
merly slaves  in  America,  has  lately  been  estab- 
lished on  the  western  coast,  a  little  to  the  south  of 
Sierra  Leone,  which  goes  by  the  name  of  Liberia. 
All  the  atfuirs  of  this  little  state  are  conducted  by 
emancipated  negroes,  and  particular  attention  is 
paid  to  the  literary  and  religious  instruction  of 
the  colonists.  Some  of  the  Newspapers  we  have 
seen,  published  by  the  settlers  in  this  colony,  in- 
dicate a  considerable  degree  of  talent  atud  infor- 
mation; and  there  is  a  prospect  that  the  improve- 
ments going  forward  in  Liberia  will,  ere  long, 
produce  a  beneficial  influence  on  those  tribes  who 
occupy  the  adjacent  territories,  and  have  a  tenden- 
cy to  lessen  the  traffic  in  slaves  The  greatest 
breadth  of  Africa  is  about  4790  miles,  and  its 
length  from  north  to  south  about  5000  miles.  Its 
most  striking  features  are  those  immense  deserts, 
near  its  northern  parts,  which  comprise  nearly 
one-third  of  its  surface.  The  deserts  of  Zaara 
are  1500  miles  long  and  eight  hundred  broad. 

America  is  divided  into  North  and  South.  It 
remained  unknown  to  the  inhabitants  of  the  East- 
ern hemisphere  until  the  year  1492,  when  it  was 
discovered  by  Columbus,  who  first  landed  on 
Guanahani,  or  Cat  Island,  one  of  the  Bahama 
isles.     North  America  comprehends  the  following 


•Pee  MoffUt's   interesting  work,   entitled    "  Missionaij 
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countries:  Tlie  United  States,  New  and  Old 
Mexico,  Upper  and  Lower  Canada,  Nova  Scotiu, 
New  Brunswick,  and  Labrador.  Soutii  America 
coinpreliends  tlie  immense  districts  called  Terra 
Firina,  Peru,  Guiana,  Amazonia,  Paraguay,  Bi-a- 
zil,  Chili,  and  Patagonia. — Between  N.  and  S. 
America,  lie  the  islands  of  Cuba,  St.  Domingo, 
JamLMCa,  and  Porto  Rieo,  known  by  the  name  of 
tile  West  Indies.  America  is  bounded  on  the 
enst  hy  tlie  Atlantic,  on  the  west  by  the  Pacific, 
and  on  the  north  by  the  Arctic  ocean.  Soutli 
America  comprises  a'  surface  of  six  and  a  half 
inillious  of  square  miles,  its  length  being  4500 
miles,  and  its  greatest  breadth  .'jSOO  miles.  North 
America,  exclusive  of  the  islands  that  surround 
it,  contains  about  nine  millions  of  srjuare  miles. 
It  has  been  divided  into  five  pliysicai  regions: 
1.  The  table  land  of  Mexico;  2.  The  slope  lying 
between  the  rocky  mountains  and  the  Pacific 
ocean;  3.  The  great  valley  of  the  Mississippi;  4. 
The  eastern  declivity  of  the  Alleghany  moun- 
tains; 5.  The  great  northern  plain  beyond  50° 
north  latilude,  a  bleak  and  barren  waste,  covered 
witii  lakes.  Beside  these,  thei'e  are  connected 
with  America,  the  Ealiama  and  Caribbee  isbjnds, 
Nowfoundiand,  Cape  Breton.  Tobago,"  Trinidad, 
Terra  del  Fuego,  etc.  A^nerica  is  distinguished 
by  its  numerous  and  extensive  lakes,  vifhich  re- 
semble large  inland  seas.  Its  river.s,  also,  form 
■one  of  its  grand  and  distingnisliing  features,  being 
the  largest  on  the  globe.  It  is  likewise  diversified 
witli  lofty  and  extensive  ranges  of  mountains. 
When  first  discovered,  it  was  almost  wholly  cov- 
ered with  iaunense  forests  and  thinly  peojded  with 
a  number  of  suvage  tril;es.  Its  mingled  popula- 
tion of  Aborigines  and  Europeans  is  now  making 
rapid  advances  in  knowledge,  civilization,  and 
comm-n  e. 

The  United  States,  which  extend  from  the  2flth 
to  the  50th  degree  of  north  latitude,  form  the 
greatest  and  most  influential  power  that  exists 
o.n  this  continent,  and  possess  a  territory  of  vast 
extent  —  stretching  from  the  great  lakes  to  tlie 
Gulf  of  Mexico,  a  breadth  of  about  lliOO  miles; 
and  from  the  Atlantic  to  the  Pacific  ocean,  a 
Iftncfh  of  2509  rnib-s,  inchiding  a  surface  of 
2,lj00.000  square  miles.  The  population  of  these 
States  now  amounts  to  about  15  millions — an 
astonishing  number,  when  we  consider  that  only 
a  little  more  than  200  years  ago  these  territories 
were  little  else  than  a  boundless  wilderness,  peo- 
pled by  a  iew  tribes  of  savages.  Were  they 
bro\jght  to  a  cultivated  state,  they  would  be  suffi- 
cient to  subsist  a  population  of  three  or  four  hun- 
dred miliions.  These  States  have  been  peopled 
froin  different  European  nations,  particularly 
from  Great  Britain  and  Ireland,  and  the  English 
langUcige  prevails  over  most  of  the  26  States. 
The  form  of  government  is  that  of  a  republic;  and 
in  religion  they  have  adopted  the  system  of  cut- 
ting off  all  connection  between  church  and  state. 
Every  sectary  chooses  its  own  pastor  and  provides 
entirely  for  liis  support.  Literature  and  science 
have  not  yet  reached  the  high  elevation  they  have 
attained  in  Europe ;  but  numerous  colleges, 
highly  respectable,  and  literary  institutions  of  va- 
rious descriptions,  have  been  established, — some 
of  which  enjoy  a  high  reputation.  The  educa- 
tion of  the  mass  of  the  community  forms  a  pro- 
minent object  of  attention  in  each  state;  and  the 
benefits  of  a  good  common  education  arc  perhaps 
more  generally  diffused  than  in  any  other  country 
in  the  world.  It  is  much  to  be  regretted  that  the 
system  of  slavery  still  prevails  in  the  Southern 
states,  notwithstanding  all  the  remonstrances 
which  have  been  made  against  it  by  the  iiihabi- 
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tants  of  the  Northern  states,  and  by  other  nations. 
But  it  is  to  be  hoped  that  the  good  sense  of  the 
inhabitants  of  these  states  will,  ere  long,  excita 
them  to  arouse  themselves  to  remove  that  blot  upoa 
their  national  character  by  which  their  institu- 
tions have  been  so  long  and  so  deeply  disgraced. 

Australasia  is  the  name  given  to  a  number  of 
large  islands  occupying  a  portion  of  the  Indian 
or  Southern  Pacific  ocean,  between  the  10th  and 
45th  degrees  of  south  latitude.  The  chief  island 
in  the  group  is  New  Holland  or  Australia,  the 
largest  island  in  the  world,  being  about  2400  miles 
in  Jength,  from  east  to  west,  and  1800  from  north 
to  soutk,  comprising  an  area  of  nearly  three  mil- 
lions of  square  miles.  The  country  is  generally 
flat,  with  the  excc])tion  of  some  mountain  ranges, 
and  in  many  places  the  inclination  is  inwaril,  in- 
stead of  outward  tovi'ard  the  sea,  so  that  the 
mountains  and  elevated  land  form  a  ridge  nearly 
round  it.  The  great  Kangaroo  is  the  largest 
quadruped  in  this  country,  and  the  total  absence 
of  such  animals  as  lions,  tigers,  deer,  oxen, 
horses,  bears,  is  the  most  striking  feature  in  this 
region.  The  native  human  beings  are  of  the  Ma- 
lay race,  and  exist  in  the  lowest  state  of  degrada- 
tion and  barbarism. — Three  British  settlements 
have  been  formed  in  New  Holland:  1.  N etc  South 
Walfis,  which  stretches  about  1400  miles  along  its 
eastern  coast,  and  some  hundreds  of  miles  inland. 
— This  is  the  oldest  and  most  populous  of  the 
Australian  colonies,  and  was  selected  at  first  for 
the  transportation  of  convicts,  though  voluntary 
emigrants,  of  lato  years,  have  emigrated  thither 
in  considerable  numbeTs.  It  lies  at  the  distance 
of  about  16,000  miles  from  Great  Britain;  but 
the  voyiige  to  it  is  generally  accomplished  in 
from  100  to  120  daj's.  Its  capital,  Sydney,  plea« 
santly  situated  on  a  fine  bay,  called  Port  Jackson, 
is  now  considered  as  containing  a  population  of 
25,000.  The  whole  pojiulation  of  tins  colony, 
free  and  convict,  is  calculated  to  be  about  110, 
000,  and  it  is  rapidly  increasing.  2.  Western 
Australia,  or  the  Swan-rwer  seltleinent,  v.-hich  is 
not  so  populous,  nor  does  it  appear  so  prosper- 
ous as  the  other  settlements.  3.  South  Australia 
— which  lies  on  the  southern  shore.  In  thia 
colony  slavery  is  not  permitted  to  exist,  nor  are 
any  convicts  allowed  to  be  sent  to  it  from  Eng- 
land. Here  learning  and  religion  are  greatly 
encouraged,  and  every  mean  has  been  employed 
by  the  directors  of  the  South  Australian  Company 
to  render  the  settlers,  as  far  as  possible,  a  moral 
and  religious  population.  The  capital  is  Ade- 
laide, which 'already  contains  about  7000  inhabi- 
tanls,  although  it  is  only  about  five  years  since 
the  colony  was  established.  Each  denomination 
of  Christians  supports  its  own  ministers  and 
places  of  worship  ;  and  already  about  £15,000 
have  been  expended  in  Adelaide  and  its  vicirnty 
in  erecting  chapels  for  Christian  worship.  Three 
millions  of  capital  have  been  invested  in  this  pro- 
vince up  to  the  1st  December,  I&41,  and  491,984 
acres  of  laud  have  been  surveyed.  The  climate 
is  one  of  the  finest  and  most  salubrious  in  the 
world,  and  it  has  sometimes  been  alluded  to  as 
"  the  fair  and  fertile  province  of  South  Austra- 
lia." Its  winter,  which  is  mild,  is  in  May,  June, 
and  July;  and  its  summer  in  November,  Decem- 
ber, and  January. 

Van  Dieman's  Land  is  an  island  of  about  the 
size  of  England,  which  is  separated  from  New 
Holland  by  a  channel  90  miles  wide,  called  Bass'8 
Strait.  Its  shape  is  nearly  that  of  a  parallelo- 
gram. It  is  more  hilly  and  better  watered  than 
Australia,  and  i)Ossesses  many  excellent  harbors. 
Its  capital  is  Hobart-Town,  situated  on  the  south- 
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eni  side  of  the  island,  ami  on  the  northern  shore 
is  Launcetown,  tlie  si;cond  town,  and  a  busy  scat 
01  trade.  Tiiu  populailoii  of  the  island  was  lately 
estimatt'd  at  '2J,000,  of  which  about  one  iialf  wore 
convicts. 

New  Zealand  consists  chiefly  of  two  large 
islands,  called  the  Middle  Island,  and  the  North 
Island,  separated  by  a  passage  called  Cook's 
Straits,  with  numerous  smaller  isles  scattered 
around  their  shores.  They  lie  in  an  easterly  di- 
rection from  New  Holland,  at  a  distance  of  about 
121)0  miles  from  that  continent,  between  the  34th 
and  48th  degrees  of  south  latitude,  and  the  Itjijlh 
and  IT^th  of  east  longitude.  The  southeru  island 
is  about  o'M  miles  long,  and  nearly  121  broad. 
The  northern  is  about  4Jl)  miles  long,  and  from 
6  to  30  broad.  Both  the  islands  are  estimated  to 
contain  95,01)0  square  miles,  of  which  two-thirds 
are  fit  for  cultivation.  Numbers  of  fine  streams 
and  rivers  are  scattered  through  the  country,  and 
the  bays  and  harbors  are  not  surpassed  either  in 
number  or  advantages  by  those  of  any  country  in 
the  world.  A  chain  of  mountains  runs  through 
the  whole  of  the  southern  and  a  considerable  part 
of  the  northern  island,  some  of  the  tops  of  which 
are  as  high  as  14,000  feet  above  the  level  of  the 
Boa,  and  present  a  highly  picturesque  appearance. 
All  accounts  agree  that  the  climate  is  highly  salu- 
brious, and  very  congenial  to  European  constitu- 
tions. Tne  natives  of  this  country  were  formerly 
Bavage  and  dangerous,  but  are  now  partially  im- 
proved and  comparatively  harmless  in  disposition, 
the  missionaries  having  now  acquired  a  consider- 
able influence  over  certain  tribes.  It  is  univer- 
sally admitted  that  they  are  a  robust  and  healthy 
looking  people;  and  Captain  Cook  observes  jliat 
he  never  saw  a  single  person  among  them  vi'ho 
appeared  to  have  any  bodily  complaint,  and  that 
their  wounds  healed  with  astonishing  rapijity. 
The  enli'.-e  population  of  this  country  has  been 
estimated  at  15d,U00,  which  is  at  the  rate  of  5 
persons  to  3  square  miles.  The  New  Zealand 
Company  for  colonizing  this  connlry  was  estab- 
lished in  May,  1630,  and  is  now  employed  in 
carrying  its  plans  into  efTect.  Land  has  been 
purchased  from  the  natives,  and  a  considerable 
number  of  adventurers  have  already  taken  pos- 
session of  certain  districts.  A  township  has  been 
marked  out  on  the  shores  of  Port  Nicliolson — a 
fine  harbor  in  the  Northern  Island  about  the 
center  of  Cook's  straits — to  he  named  Welling- 
ton, which  it  is  supposed  will  be  the  capital  of  tho 
colony.  But  apprehensions  are  entertained  that 
misunderstandings  and  serious  disputes  may  arise 
between  the  settlers  and  the  natives,  and  that  the 
runaway  convicts  from  Botany  Bay,  and  the 
Bouthern  whalers,  will  introduce  dissension  and 
immorality  among  the  colonists. 

New  Guinea,  next  to  New  Holland,  is  the 
largest  island  of  Australasia,  being  14^)0  miles 
long.  It  is  inhabited  by  Papuans,  with  the  still 
ruder  race  of  Haraforas  in  the  interior.  This 
island  is  said  to  bo  one  of  the  finest  countries  in 
existence,  producing  most  of  the  rich  fruits  of  the 
torrid  zone,  such  as  cocoas,  nutmegs,  cloves,  and 
spices  of  all  kinds,  and  is  everywhere  covered 
with  lofty  forests.  The  Papuans  are  much  far- 
ther advanced  in  civilization  than  the  New  Hol- 
landers; but  no  European  nation  has  yet  attempt- 
ed a  settlement  in  this  island. — Neio  Britain,  New 
Ireland,  and  several  others,  compose  a  group  in- 
habited by  Papuans.  The  Archipelago,  called  the 
Soloinon's  islands,  is  inhabited  by  Papuans,  with 
a  mixture  of  Malays. 

Polynesia,  or  "  the  many  isles,"  includes  the 
numerous  group  of  islands  with  which  a  consider- 


able portion  of  the  Pacific  ocean  is  diversified 
They  ])rincipally  lie  in  an  easterly  and  north-east- 
erly direction  from  Australasia,  within  about  30 
dcgfies  on  both  sides  of  the  equator.  They  aro 
many  thousands  in  number,  and  are  inhabited  by 
savage  races,  who  have  generally  been  found  more 
tractable  than  the  barbarous  tribes  of  other  ])arts 
of  the  world.  They  may  be  divided  into  the  great 
groups  of  the  Society,  Sandwich,  Marquesas, 
Friendly,  Naoijaturs,  Caroline,  and  Marianne 
islands,  with  several  others.  .Host  of  these  islands 
are  fruitful  and  beautiful;  some  are  excce.iingly 
high  and  romantic,  and  their  climate  is  reckoned 
the  most  delicious  on  the  globe.  The  Society 
islands,  though  not  tiie  largest,  are  the  most  beau- 
tiful, and  those  in  which  civilization  anil  polished 
manners  have  made  the  greatest  progress.  Tahiti, 
the  largest  in  tho  group,  is  one  of  the  brightest 
gems  of  the  Pacific,  as  the  people  of  this  island 
were  the  first  to  abjure  Paganism  and  to  embrace 
Christianity.  It  consists  of  two  peninsulas, 
joined  by  a  narrow  isthmus.  The  one  is  about 
25  miles  long  and  about  the  same  in  breadth. 
The  other  is  about  20  miles  in  length  by  15  iu 
breadth.  The  religion  of  the  natives,  like  that 
of  the  Tonga,  Sandwich,  and  other  islanders,  Vi^as, 
until  within  these  2 J  or  30  years,  idolatry  of  the 
most  barbarous  kind,  their  manners  were  ex- 
tremely licentious,  and  their  dispositions  some- 
times ferocious  and  cruel.  They  were  per|)etn- 
ally  at  war  among  themselves,  and  their  contests 
were  of  the  most  relentless  and  cruel  character. 
But,  in  consequence  of  the  labors  of  Christian 
Mis.-iionaries,  sent  out- by  the  London  Missionary 
Society,  the  majority  of  the  inhabitants  of  this 
and  the  adjacent  islands  have  made  an  open  pro- 
fegsion  of  Christianity.  Their  places  of  idola- 
trous worship  have  been  thrown  down,  their  idol 
gods  destroyed,  and  an  end  put  to  their  ferocious 
and  destructive  wars.  The  whole  of  the  Sacred 
Scriptures  has  been  translated  into  their  native 
language;  they  are  learning  to  read  the  word  of 
God;  and,  in  numerous  instances,  they  have  niade 
a  wonderful  progress  in  studying  its  facts  and 
doctrines,  and  in  practicing  those  duties  whieh  it 
enjoins.  The  consequence  has  been  that  they 
have  made  a  great  improvement  in  all  the  arts 
and  accommodations  of  life.  They  have  built 
ships,  engaged  in  manufactures  of  ditFerent  kinds, 
reared  spacious  places  of  worship,  established 
schools  and  other  seminaries  of  instruction, 
erected  villages  adorned  with  neat  and  conunodi- 
ous  habitations,  and  have  made  astonishing  pro- 
gress in  the  cultivation  of  the  soil.  The  moral 
transformation  and  improvements  which  havo 
been  effected  among  the  inhabitants  of  these 
islands  in  consequence  of  the  introduction  of 
Christianity — afford  a  striking  and  incontestable 
proof,  that  there  are  no  tribes  on  the  face  of  the 
earth,  however  barbarous  and  debased,  but  may 
be  raised  'o  the  dignity  of  their  moral  and  intel- 
lectual natures,  were  the  religion  of  the  Bible 
once  introduced  among  them,  and  every  other 
judicious  mean  employed  to  promote  their  pro- 
gress in  knowledge  and  civilization. 

The  Sandwich  Islands  lie  about  20  degrees 
north  of  the  equator,  and  about  2500  miles  north 
by  west  of  Taliiti.  Owhyhee,  the  largest  of  the 
group,  is  remarkable  for  the  murder  of  the  cele- 
brated Capt.  Cook  in  1779.  It  measures  84  milea 
in  length,  by  70  in  breadth.  It  abounds  with 
lofty  mountains.  Mount  Roa  rises  to  the  bight 
of  ir),000  feet,  and  Mount  Koa  to  the  hight  of 
18,000  feet,  the  tops  of  both  being  covered  with 
perpetual  snow.  It  also  abounds  witli  volcanoes. 
The  volcano  of  Fell,  on  the  flank  of  Mount  Roa, 
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tS  reckoned  one  of  the  most  striking  and  awful  in 
»ny  part  of  the  world.  Tlie  people  of  the  Sand- 
wicli  islands  have,  of  late  years,  embraced  Cliris- 
tiaiiity,  and  several  missionaries  from  tlic  United 
States  are  now  soltled  in  those  regions.  A  con- 
Bidcrabie  part  of  the  population,  including  the 
king  and  his  court,  attend  the  schools  they  liave 
estaolishod,  and  the  ordinances  of  Christian  wor- 
ehip.  They  have  formed  a  small  navj-,  and  carry 
on  a  prohtable  trade  with  foreigners,  and  the 
general  state  of  morals  is  undergoing  a  great  im- 
provement. 

The  Friendly  Islanc^s  include  the  Fejee,  and 
several  other  detached  islands,  of  which  Tongala- 
boo  is  the  largest.  They  enjoy  a  remarkably  rich 
Boil,  which  is  carefully  cultivated  by  the  natives, 
who  ranlc  among  the  most  resj>ectable  of  the 
youth-Sea  islanders,  and  are  remarkable  for  their 
neatness  and  skill  in  improving  and  inclosing 
their  lands.  Christianity  has  been  lately  intro- 
duced into  soma  of  these  islands,  chiefly  by  the 
persevering  labors  of  the  Wesleyan  Missionaries. 
Their  poi>uhilion  is  reckoned  at  about  100,001). — 
The  A'aui./aturs''  Ldauds  are  among  the  most  im- 
portnit  and  fertile  group  yet  discovered  in  South- 
ern Polynesia.  Tlie  natives  are  uncommonly  tall 
and  stout,  and  remarkable  for  a  ferocity  of  cha- 
racter scarcely  found  in  any  other  part  of  Poly- 
nesia. Here,  liowever,  the  Chiistian  religion  has 
lately  been  introLiuced,  and  is  already  producing 
many  interesting  and  beneficent  etiects,  —  The 
Marquesas  are  situated  north  by  east  from  the 
Society  isles,  within  9°  of  the  Equator.  Their 
inhabitants  are  distinguished  for  their  fair  coni- 
ple.vion  and  peculiar  beauty,  but  they  arc  fii'rce  and 
licentious  in  their  character.  Christianity  has  been 
introduced,  but  has  hitherto  produced  little  etiect 
upon  them. — The  Neiv  Hebrides  ure  a  group  gene- 
rally covered  with  high  mountains,  some  of  which 
contain  volcanoes.  They  are  situated  about  five 
cr  six  hundred  miles  west  of  the  Friendly  isles, 
and  were  first  discovered  by  Quiros  in  16U(),  when 
they  were  supposed  to  be  part  of  a  great  southern 
continent  which  philosophers  then  imagined  to 
exist.  But  Cook,  in  1774,  e.xplored  the  whole 
group,  and  gave  them  the  name  of  the  New  lie- 
brides.  The  cluster  consi-;ts  of  about  17  islands, 
of  which  Terra  del  Espiritu  Santo  is  the  largest. 
At  Erronwngo,  one  of  these  islands,  the  deejily- 
lamented  missionary  Williams  was  treacherously 
and  crnelly  murdered  by  the  natives,  along  witn 
another  missionary  of  the  name  of  HAiiiiis,  in 
1839,  when  attempting  to  introduce  Christianity 
among  them.  This  island  will  be  as  much  dis- 
tinguished in  future  ages  for  this  atrocious  mur- 
der as  the  island  of  Owhyhee  has  been  for  the 
murder  of  Captain  Cook.  The  geograpliical  dis- 
coveries of  this  celebrated  circumnavigator  pre- 
pared the  way  for  most  of  the  missionary  opera- 
tions which  have  been  undertaken  in  the  islands 
of  the  Pacific,  and  of  all  the  laborers  in  this  work 
of  philanthropy,  none  stands  so  conspicuous,  for 
unwearied  benelicent  exertions  in  this  holy  cause, 
and  for  the  important  and  bcnelicial  effects  with 
which  they  have  bt^en  accompanied  as  the  la- 
mented Williams.  His  "  Narrative  of  Missionary 
Enterprises  in  the  South-Sea  Islands,"  deserves  to 
be  read  by  every  Christian,  by  every  philosopher 
and  statesman,  and  by  every  one  who  feels  a  de- 
light in  contemplating  beneficent  actions  and 
romantic  incidents. 

In  regard  to  the  human  inhabitants  that  occupy 
the  different  regions  now  specified — they  have 
been  divided  by  some  geographers  into  the  si.Y  fol- 
lowing classes: — 1.  The  dwarfish  inhabitants  of 
the  polar  regions;  as  the  Laplanders,  the  Greeu- 


landers,  and  the  Esquimau.^.  2.  The  flat-noseu 
olive-colored  tawny  race;  as  the  Tartars,  the  Chi- 
nese, and  the  Japanese.  3.  The  blacks  of  Asia 
with  Eurojiean  features.  Of  this  description  are 
the  Hindoos,  the  Birmans,  and  the  inhabitants  of 
the  islands  of  the  Indian  ocean.  4.  The  woolly- 
haired  negroes  of  Africa,  liistinguished  by  their 
black  color,  their  flat  noses,  and  their  thick  li])s. 
3.  The  cop[)er-colored  native  Americans,  distin- 
guished likewise  by  their  black  hair,  small  black 
eyes,  high  cheek  bones,  and  flat  noses.  6.  The 
sixth  Variety  is  the  white  European  nations,  as 
the  Brilish,  the  French,  the  Italians,  and  tho 
Germans. 

The  number  of  inhabitants  which  jieople  the 
earth  at  one  time,  may  be  estimated  to  amount  to 
at  least  eii/ht  hundred  millions;  of  which  500  mil- 
lions may  be  assigned  to  Asia;  Sb  millions  to 
Africa;  42  millions  to  America;  and  200  millions 
to  Europe. — With  regard  to  their  religion,  they 
may  be  estimated  as  follows: — 

Pagans, 490,000,000   • 

Maiiomctans, 100,000,000 

Roman  Catholics, 100,000,000 

Protestants, 5."),00(),000 

Greeks  and  Arminians,  ....   50,000,000 
Jews, 5,000,000 


800,000,000 

From  this  estimate  it  appears  that  there  are 
nearly  3  Pagans  and  Mahometans  to  1  Christian, 
and  oidy  1  Protestant  to  about  14  of  all  the  other 
denominations.  Although  all  the  Roman  Catho- 
lics, Greeks,  and  Protestants,  were  reckoned  true 
Christians,  there  still  remain  more  than  595  mil- 
lions of  our  fellow-men  ignorant  of  the  true  God, 
and  of  his  will  as  revealed  in  the  sacred  Sciip- 
tures;  which  shows  that  a  vast  field  of  exertion 
still  lies  open  to  Christian  benevolence,  before  the 
blessings  of  civilization,  mental  improvement,  ra- 
tional liberty,  and  Christianity,  be  fully  commu- 
nicated to  the  Pagan  and  Mahometan  world. 

If  we  suj)pose  that  the  earth,  at  an  average, 
has  always  been  as  populous  as  it  is  now,  and  that 
it  contains  800  millions  of  inliabitants,  as  above 
stated,  and  if  we  reckon  32  years  for  a  genera- 
tion, at  the  end  of  which  period  the  whole  human 
race  is  renewed;  it  will  follow,  that  one  hundred 
and  forty-six  thousand  two  hundred  millions  of 
human  beings  have  existed  on  the  earth  since  the 
present  system  of  our  globe  commenced,  reckon- 
ing 5c46  years  from  Adam  to  the  present  time.* 
And  consequently,  if  mankind  had  never  died, 
there  would  have  been  nearly  183  times  the  pre- 
sent number  of  the  earth's  inhabitants  now  in  ex- 
istence. It  follows  from  this  statement,  that  25 
millions  of  mankind  die  every  year,  2853  every 
hour,  and  47  every  minute,  and  that  at  least  aii 
equal  number,  during  these  periods,  are  emerging 
from  non-existence  to  the  stage  of  life;  so  that 
almost  every  moment  a  rational  and  immortal  be- 
ing is  ushered  into  the  world,  and  another  is 
transported       to   the   invisible   state.      VV^hether, 


*This  calculation  proceeds  on  the  supposition,  tliat  cn.y 
4004  years  elapsed  betsveen  the  creation  of  man  and  tho 
birth  of  Christ,  according'  to  the  Hebrew  Chronolo<;y.  But 
Dr.  Hales,  in  bis  late  work  on  i?cripture  Clironoiojy,  has 
proved  almost  to  a  demonstration,  that  from  the  Creation  to 
the  birth  of  Christ,  are  to  be  reckoned  5411  years;  and  this 
computation  nearly  agrees  with  the  Samaritan  and  Septna- 
{jint  Chronology,  and  with  that  of  Josephus.  According  to 
this  computation,  7i.53  years  are  to  be  reckoned  from  the 
Creation  to  the  present  time;  and  consequently,  S'-O  thou- 
sand 500  millions  of  human  beings  will  have  existed  since 
the  Creation,  which  is  more  than  220  times  the  number  of 
inhabitants  presently  e.\isting. 
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therefore,  we  contemplate  the  world  of  mntter,  or  and  of  tlie  true  religion  among  the  scattered 
the  world  of  mind,  wc  perceive  inci;s5ant  cliunges  tribes  of  mankind. 
and  revolutions  going  on,  which  arc  gradually 
carrying  forward  llie.  earth  and  its  inhabitants  to 
some  important  cousuniniation.  —  If  we  PUj)pose 
tliat  before  the  close  of  time,  as  many  liuman  be- 
ings will  be  brought  into  cxisienco,  as  have  al- 
ready existed  during  the  bypast  agps  of  the  world, 
there  will,  of  cours.-,  be  found  at  me  general  re- 
surrection 2i)2,4'Kt,'.)0i),0'H)  of  mankind.     Vast  as 


With  that  branch  of  knowledge  to  wliich  I 
have  now  adverted,  every  individual  of  the  human 
r-'.c?  ought  to  be  in  some  measure  ai-ciuaiiited. — 
}''or  it  1s  unworthy  of  the  dignity  of  a  rational 
being,  to  st.dk  abroad  on  the  surfjce  of  the  earth, 
Buch  an   assemblage  would    be,  the  whole  of  the  !  and  eiijoy  the  bounty  of  liis  Creator,  without  con 
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human  beings  here  supposed,  allowing  six  square 
feet  for  every  individual,  could  be  assembled  with- 
in the  space  of  about  62,400  square  miles,  or  on  a 
tract  of  land  not  much  larger  than  that  of  Eng- 
land, which  contains,  according  to  the  most  accu- 
rate calculation,  above  50,0  )0  square  miles. 

Oar  world  is  capable  of  sustaining  a  much 
jrreater  number  of  inhabitants  than  has  ever  j'ct 
existed  upon  it  at  any  one  time.  And  since  we 
are  informed  in  the  Sacred  oracles  that  God  '_' cre- 
ated jt  not  in  vain,  hni  formed  it  to  be  inhabited,^'' 
we  have  reason  to  believe  that,  in  future  ages, 
when  the  physical  and  moral  energies  of  mankind 
shall  be  fully  exerted,  and  when  peace  shall  wave 
her  olive-branch  over  the  nations,  the  earth  v/ill 
be  much  more  populous  than  it  has  ever  been,  and 
those  immense  deserts,  where  ravenous  animals 
now  roam  undisturbed,  will  be  transformed  into 
scenes  of  fertility  and  beauty.  If  it  be  admitted 
that  the  produce' of  twelve  acn^s  of  land  is  suffi- 
cient to  maintain  a  family  consisting  of  six  per- 
sons, and  if  we  reckon  o;dy  one-fourth  of  the 
surface  of  the  globe  capable  of  cultivation,  it  can 
be  provrd  that  the  earth  could  afford  sustenance 
for  16,000  millions  of  inhabitants,  or  twenty  times 
the  number  that  is  presently  supposed  to  exist. — 
So  that  we  have  no  reason  to  fear  that  the  world 
will  be  overstocked  with  inhabitants  for  many 
ages  to  come;  or  that  a  period  may  soon  arrive 
when  the  increase  of  population  will  surpass  the 
means  of  subsistence,  as  some  of  the  disciples  of 
Malthas  have  lately  insinuated.  To  suppose,  as 
some  of  these  gentlemen  seem  to  do,  that  wars 
and  diseases,  poverty  and  pestilence,  are  iiccessa- 


Icring  the  nature  and  extent  of  this  sublunary 
habitation,  the  variety  of  august  obj'-cti!  it  con- 
tains, the  relation  in  which  he  stands  to  other 
trib-^-s  of  inteliigeiit  agents,  and  the  wonderful 
machinery  which  is  in  constant  operation  for  sup- 
plying his  wants,  and  for  producing  the  revolu- 
tions of  day  and  night,  spring  aiid  autumn,  sum- 
mer and  winter. — In  a  religions  point  of  view. 
Geography  is  a  science  of  peculiar. interest.  For 
"the  salvation  of  God,"  which  Christianity  un- 
folds, is  destined  to  be  proclaimed  in  every  land, 
in  onler  that  men  of  all  nations  and  kindreds  and 
tongues  may  participate  in  its  ble.«sings.  But, 
without  exploring  every  region  of  the  earth,  and 
the  numerous  islands  which  are  scattered  over  the 
surface  of  the  ocean,  and  opening  up  a  regular  in- 
tercourse with  the  different  tribes  of  human  bi.'ing3 
which  dwell  upon  its  surface,  we  can  iiever  carry 
into  cfF.'ct  the  purpose  of  God  by  "  making  known 
his  salvation  to  the  ends  of  the  earth." — As  God 
has  ordained,  that  "all  flesh  shall  see  the  salva- 
tion "  he  has  accomplished,  and  that  human  be- 
ings shall  bo  the  agents  for  carrying  his  desiigna 
into  effect — so  we  maj'  rest  assured,  that  he  has 
ordained  every  mean  requisite  for  accomplishing 
this  end;  and  consequently,  that  it  is  his  will  that 
men  should  study  the  figure  and  magnitude  of 
the  earth,  and  all  those  arts  by  which  they  may 
be  enabled  to  traverse  and  explore  the  different 
regions  of  land  and  water,  wliich  compo.^e  the 
terraqueous  globe  —  and  that  it  is  also  his  will, 
that  every  one  who  feels  an  interest  in  the  pre- 
sent and  eternal  happiness  of  his  fcllow-meii, 
should  make  himroh'  acQuainted  with   the  resu't 


ry  evils,  in  order  to' prevent  the  increase  of  the  i  of  all  the  discoveries  m  chis  b^ience  that  have 
human 'race  beyond  the  means  of  subsistence  |  been  or  may  yet  bo  n.^dt,  in  ora..v  to  stimulat. 
which  nature  can  afford— while  the  immense  re-  j  his  activity,  in  conveying  to  ihe  wre^ehed  bo.ns  o.' 
gions  of  New  Holland,  New  Guinea,  Borneo,  and  Ada-.n,  wherever  they  n:a>  be  fok'id,  '  the  un 
the  greater. part  of  Africa  and  America  are  almost    searchable  riches  of  Christ." 


destitute  of'inhabitants— is  both  an  insult  on  the 
dip-nity  of  human  nature  and  a  reflection  on  the 
v/fsdom  and  beneficence  of  Divine  Frovi;!ence. — 
The  Creator  is  benevolent  and  bountiful,  and 
"his  tender  mercies  are  over  all  his  works;"  but 
man,  by  his  tyranny,  ambition,  and  selfishn-ss, 
has  counteracted  the  streams  of  Divine  benefi- 
cence, and  introduced  into  the  .social  state  poverty, 
disorder,  and  misery,  with  all  their  attendant 
train  of  evils;  and  it  is  not  before  such  demorali- 
zin"-  principles  be  in  some  measure  eradicated,  and 
the^principles  of  Christian  benevolence  brought 
into  active  operation,  that  the  social  state  of  man 
will  be  greatly  meliorated,  and  the  bounties  of 
Heaven  fully  enjoyed  by  the  human  race.  If,  in 
the  present  deranged  state  of  the  social  and  po- 
litical world,  it  be  found  difficult  in  any  particular 
country  to  find  sustenance  for  its  inhabitants, 
emigration  is  the  obvious  and  natural  remedy; 
and  the  rapid  emigrations  which  are  now  taking 
place  to  the  Cape  of  Good  Hope,  New  Holland, 
New  Zealand,  Van  Dieman's  Land,  and  America, 
are  doubtless  a  part  of  those  arrangements  of 
Providence,  by  which  the  Creator  will  accomplish 
his  designs,  in  peopling  the  desolate  wastes  of  our 
globe,  and  promoting  the  progress  of  knowledge 


To  the.  Missionary,  and  the  Dir'^c^rs  of  BibK 
and  Missionary  Societies,  a  minute  ana  compro 
hensive  knowledge  of  this  science,  an».!  of  all  tlu 
facts  connected  v/ith  it,  is  esscntiai',7  requisite 
without  which  they  would  often  grope  in  tha 
dark,  and  spend  liicir  money  in  vain,  and  "  theii 
labor  for  that  which  doth  not  profit."  They  mnsi 
be  inti;nately  acquainted  with  the  extensive  field 
of  operation  which  lies  before  them,  and  witli  the 
physical,  the  moral,  and  the  political  state  of  the 
different  tribes  to  which  they  intend  to  send  the 
message  of  salvation;  otherwise  their  exertions 
will  be  made  at  random,  and  their  schemes  be 
conducted  without  judgment  or  disci  imination. 
To  attempt  to  direct  the  movements  of  Missiona- 
ry Societies,  without  an  intimate  knowledge  of 
this  subject,  is  as  foolish  and  absurd  as  it  would 
be  for  a  land-surveyor  to  lay  down  plans  for  the 
i:nprovement  of  a  gentleman's  estate,  before  h« 
had  surveyed  the  premises,  and  made  himself  ac- 
quainted with  the  objects  upon  them,  in  their  va- 
rious aspects,  positions,  and  bearings.  If  all  Ihoss 
who  direct  and  support  the  operations  of  such  so- 
cieties were  familiarly  acquainted  with  the  differ- 
ent fields  for  missionary  exertions,  and  with  tha 
peculiar   state   and  character   of   the   diversified 
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tribes  of  the  heathen  world,  so  far  as  they  are 
known,  injuiiicioiis  schemes  miglit  be  frustrated 
before  they  are  carried  into  effect,  and  the  funds 
of  such  institutions  preserved  from  being  wasted 
to  no  purpose.  In  tliis  view,  it  is  tlie  duly  of 
every  Christian,  to  mark  the  progress  and  the  re- 
sults of  the  various  geographical  expeditions 
which  are  now  going  forward  in  quest  of  discove- 
ries, in  connection  with  the  moral  and  political 
nioveiiU'*ts  which  are  presently  agitating  the  na- 
tions: for  every  navigator  wiio  plows  the  ocean  in 
-  search  of  new  islands  anif  continents,  and  every 
traveler  who  explft-es  the  interior  of  unknown 
eeuntries,  sliould  be  consiJered  as  so  many  pio- 
neers, sent  beforehand,  by  Divine  Providence,  to 
prepare  the  way  for  the  labors  of  the  missionary, 
and  for  the  combined  exertions  of  Christian  be- 
nevolence. * 

But  even  to  every  private  Christian,  Geography 
is  an  interesting  branch  of  study,  without  some 
knowledge  of  which,  his  praj-ers  and  his  Christian 
sympathies  canjiot  be  judiciously  and  extensively 
directed.  We  occasionally  hear  the  ministers  of 
religion,  at  the  commencement  of  public  worsliip 
on  the  fiist  day  of  the  week,  imploring  the  Di- 
vine blessing  on  their  brethren  throughout  the 
Christian  Church,  who  are  commencing  the  same 
exercises;  and  at  the  close  of  worship  in  th.e  af- 
ternoon, that  the  same  blessing  may  seal  the 
instructions  which  liave  been  delivered  in  all  the 
churches  of  the  saints;  as  if  all  the  public  reli- 
gious services  of  the  universal  Church  were  at 
'that  moment  drawing  to  a  close.  This  is  all  very 
well,  so  far  as  it  goes:  the  expression  of  such  be- 

*  On  this  subject  the  Author  feels  great  pleasure  in  refer- 
ring his  leaders  to  a  small  volume,  lately  published  by  James 
Douglas,  Esq.,  of  Cavers,  entitled,  "  tlints  on  Uliisions," — 
a  work  wliich  deserves  the  attentive  perusal,  both  of  the 
philosopher,  the  politician,  and  the  Christian,  and  particu- 
larly of  the  Directors  of  Missionary  Societies;  and  vJiich  is 
characterised  by  a  spirit  of  enlightened  phi'antliropy,  and 
a  coKiknsation  of  thought,  which  lias  seldom  been  equaled 
in  the  discussion  of  such  topics.  It  concentrates,  as  it 
were,  into  a  focus,  the  light  of  which  has  been  reflected 
irom  hundreds  of  volumes;  and  the  original  hints  it  suggests 
claim  the  serious  consideration  of  llie  superintendents  of 
missionrsry  schemes;  without  ?n  attention  to  some  of  which, 
the  benetici.-l  effects  resulting  from  such  undertakings  will 
be  few  and  unimportant. — The  following  excelleiit  worlds, 
recently  published  on  this  subject,  are  warmly  recommended 
to  the  serious  attention  of  the  reader: — 1.  '■'■The  Great  Co^ii- 
mission,"  by  Dr.  Harris,  President  of  Cheshunt  College, 
Author  of  "  Mammon,"  etc. — a  prize  Essay  on  Christian 
Missions,  to  which  the  highest  prize  of  SCO  guineas  was 
awarded.  This  work  has  been  generally  characterized  as 
"A  masterly  production,  comprehensive  in  plan,  elegant  in 
diction,  h^ppy  in  illustration,  cogent  and  conclusive  in  rea- 
soning, powerful  in  appeal,  and  a  book  which  every  Chris- 
tian in  the  world  ought  to  read."  2.  "  .'.//ss'o.vs,  their 
authority,  scope,  and  cncourngemeni,'"  by  the  Rev.  Kichard 
VV.  Hamilton,  Leeds,  to  which  the  second  prize  of  the  As- 
sociation alluded  to  above  was  adjudjed.  This  work  has 
likewise  been  characterized  by  p;operties  somewh.'t  similar 
to  those  which  have  been  applied  to  "  The  Great  Commis- 
sion," and  the  Author  has  been  eulogized  as  a  writer  of 
great  power  and  originality. — ^.  "ThcJuliili-c  of  the  World," 
by  the  Rev.  J.  Macfarlane,  Minister  of  Coles-ie,  published 
at  the  recommendation  of  four  of  the  adjudicators  of  the 
Missionary  Prize  Essays — a  volume  which  is  justly  consid- 
ered as  '-the  production  of  a  well-discijdined  mind,  accus- 
tomed to  think  deeply  and  accurately  on  any  suliject  to 
which  its  energies  might  be  directed — that  its  tone  and  tem- 
per are  deciiledly  evangelical,  its  spirit  eminently  catholic, 
and  its  appeals  stirring  and  appropriab.'." — 4.  "Christian 
Mis>!ioiis  to  Heathen  .Vations,"  by  the  Honorable  Capiist 
\V.  Noel,  M.  A.  Though  this  volume  is  not  considered 
equal  to  Mr.  Macfarlane's  in  point  of  close  argument  aud 
logical  deduction,  yet  it  has  the  advantage  of  it  as  a  practi- 
cal treatise  on  missionary  work,  and  evinc:es  a  minute  ac- 
qUtiintance  with  the  whole  scene  of  missionary  labors, 
which,  in  this  rcf:pect,  is  considered  by  some  as  superior  to 
any  of  the  other  essays.  Were  these  works  carefnlly  perused 
by  the  great  mass  of  the  Christian  world,  their  spirit  im- 
bibed, and  their  practical  suggestions  carried  into  effect,  the 
world  would,  ere  long,  be  regenerated,  and  the  dawn  of  the 
Millennial  era  would  soon  make  its  appearance 


nevolent  washes  is  highly  becoming,  and  conge- 
nial to  the  spirit  of  Christianity.  Eut  a  very 
slight  acquaintance  with  geographical  science 
will  teach  us,  that  when  we  in  this  country  are 
commencing  religious  services  of  the  first  day  of 
the  week,  our  Christian  brethren  in  the  East 
Indies,  who  live  under  a  very  diirerent  meridian, 
have  finished  theirs;  those  in  Russia,  Poland, 
Greece,  Palestine,  and  on  the  banks  of  the  Caspian 
sea,  have  performed  c«e-ha!f  of  their  public  re- 
Kgious  worship  aud  instructions;  and  those  in 
New  Holland  and  Van  Dieman's  Land  have  re- 
tired to  rest  at  the  close  of  their  Sabbath.  On  the 
other  hand,  our  friends  in  the  West  India  islands, 
and  in  America,  at  the  close  of  our  worship,  are 
only  about  to  commence  the  public  instructions 
of  the  Christian  Sabbath.  If,  then,  it  be  admitted 
that  our  prayers,  in  certain  cases,  ought  to  be 
.fp^ci/zc,  to  have  a  reference  to  the  particular  cases 
and  relations  of  certain  classes  of  individuals, 
tiiere  can  be  no  valid  reason  assigned,  why  they 
sliould  not  have  a  reference  to  the  geographical 
positions  of  the  different  portions  of  the  Chris- 
tian Church,  as  well  as  to  those  who  live  on  or 
near  our  own  meridian:  that,  for  example,  in  the 
beginning  of  our  public  devotions,  we  might  im- 
plore that  the  blessing  of  God  may  accompany 
tiie  instructions  which  have  been  deiivcrod  in  the 
Eastern  parts  of  the  world;  and  that  at  ttie  close 
of  the  worship,  that  the  same  agency  may  direct 
the  exercises  of  those  in  the  Western  hemisphere, 
who  are  about  to  enter  on  the  sacred  services  of 
that  day.  On  the  same  principle  we  may  per- 
ceive the  absurdity  of  those  "concerts''''  for  pray- 
ing in  different  places  at  the  same  hour,  which 
were  lately  propo.sed,  and  attempted  by  a  certain 
portion  of  the  religious  world.  Even  within  the 
limits  of  Europe,  this  could  not  be  attempted, 
with  the  prospect  of  Christians  joining  in  devo- 
tion at  one  and  the  same  time;  for  when  it  is  six 
o'clock  in  one  part  of  Europe,  it  is  eight  in  an- 
other, and  five  o'clock  at  a  third  place;  much 
less  could  such  a  concert  take  place  throughout 
Europe,  Asia,  and  America.  iSo  that  science, 
and  a  calm  consideration  of  the  nature  and  rela- 
tions of  things,  may  teach  us  to  preserve  our  de- 
votional fervor  and  zeal  within  the  bounds  of 
reasoti  and  propriety  ;  and,  at  the  same  time,  to 
direct  our  reflections  and  our  Christian  sj^mpa- 
thies,  to  take  a  voider  range  than  that  to  v/hich 
they  are  usually  confined. 

Beside  the  coi:siJeration  now  suggested,  a  seri- 
ous contemplation  of  the  physical  objects  and 
movements  which  this  science  exhibits,  has  a 
tendency  to  excite  pious  and  reverential  emotions. 
To  conlempkite  this  huge  globe  of  land  and  water, 
flying  with  rapidity  through  the  voids  of  space, 
conveying  its  vast  population  from  one  region  to 
another,  at  the  rate  of  fifteen  hundred  thousand 
mil(;s  in  a  day,  and  whirling  roniid  its  axis  at  tlie 
same  time,  to  produce  the  constant  succe.s.sion  of 
day  and  night, — to  contemplate  the  lofty  ridges  of 
mountainsthat  stretch  around  it  in  every  direc- 
tion; the  fi;miing  volcanoes;  the  roaring  cataracts; 
the  numerous  rivers,  incessantly  rolling  their 
watery  treasures  into  the  seas;  the  majestic  ocean, 
and  its  unfathomable  caverns;  the  vapors  rising 
from  its  surf  ice,  and  replenishing  the  sjirings  and 
rivers;  tlie  avalanche  hurling  down  the  moun- 
tain's side  with  a  noise  like  thunder;  the  luxuri- 
ant plains  of  the  torrid  zone;  the  rugged  cliffs 
atul  icebergs  of  the  polar  regions;  and  thousands 
of  other  objects  of  diversified  beauty  and  sublimit 
ty, — has  an  evident  tendency  to  expand  the  con- 
ceptions of  the  human  mind,  to  increase  its 
sources  of  rational  enjoyment,  and  to  elevate  the 
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affections  to  that  All-powerful  Bcinir  who  gave 
birtli  to  all  tiie  sublimities  of  Nature,  and  who 
incessantly  superiutmids  all  its  moveiiieiits. 

lu  fine,  from  the  numerous  moral  facts  which 
Geography  unfolds,  we  learu  the  vast  depth  and 
extent  of  that  moral  degradation  into  which  the 
hiimau  race  has  fallen — the  ferocious  tempers, 
and  immoral  practices,  which  are  displayed  in  the 
regious  of  Pagan  idolatry — the  horrid  cruelties, 
and  vile  abominations,  that  are  daily  perpetrated 
tinder  the  sanction  of  what  is  termed  Rehgion — 
the  wide  extent  ^f  population  over  which  the 
prince  of  darkness  sways  his  scepter — t!ie  diffi- 
culties which  require  to  be  surmounted,  before 
"the  Gospel  of  salvation"  can  extend  its  full  in- 
fluence througliout  the  Pagan  world — and  the  vast 
energies  which  are  requisite  to  accomplish  this 
glorious  event.  All  these  portions  of  information 
are  calculated  to  confirm  and  illustrate  the  scrip- 
tural doctrine  of  the  universal  depravity  of  man — 
to  exercise  the  faith  of  the  Christian  on  the  pro- 
mises of  Jehovah,  in  reference  to  the  conversion 
of  the  benighted  nations — to  arouse  his  sympa- 
thies toward  his  degraded  brethren  of  mankind, 
to  excite  his  intercession  in  their  behalf,  and  to 
direct  his  benevolence  and  activity,  in  devising 
and  executing  scl.emes  for  enlightening  the  peo- 
ple who  are  sitting  "  in  darkness,  and  in  tiie 
shadow  of  death.'' 

GEOLOGY. 

Another  subject  intimately  related  to  the  for- 
mer, is  the  science  of  Geology. 

This  science  has  for  its  object,  to  investigate 
and  descril)e  the  internal  structure  of  the  earth, 
the  arrangement  of  the  materials  of  which  it  is 
composed,  tlie  circumstances  peculiar  to  its  origi- 
nal formation,  the  different  states  under  which  it 
has  existed,  and  the  various  changes  which  it  ap- 
pears to  have  undergone  since  the  Almighty  crea- 
ted the  substance  of  which  it  is  composed.  From 
a  consideration  of  the  vast  quantity  of  materials 
contained  in  the  internal  structure  of  our  globe, 
and  of  the  limited  extent  to  which  men  can  carry 
their  operations,  vs'hcn  tliey  attempt  to  penetrate 
into  its  bowels,  it  is  obvious  that  our  knowledge 
of  this  subject  must  be  very  shallow  and  imper- 
fect. The  observations,  however,  which  have 
been  made  on  the  structure  of  our  globe  during 
the  last  half  century,  and  the  conclusions  deduced 
from  them,  are  highly  interesting  both  to  the 
philosopher  and  to  the  Christian.  Before  the  facts 
on  which  this  branch  of  Natural  History  is 
founded,  were  accurately  ascertained,  various  ob- 
jections to  the  Mosaic  history  of  the  creation 
were  started  by  certain  skeptical  philosophers, 
founded  on  partial  and  erroneous  views  of  the 
real  structure  and  economy  of  the  earth;  but  it  is 
now  found,  that  the  more  accurately  and  minute- 
ly the  system  of  nature  is  explored,  the  more  dis- 
tinctly do  we  perceive  the  harmony  that  subsists 
between  the  recorils  of  Revelation  and  the  opera- 
tions of  the  Creator  in  the  material  world.  If 
both  be  admitted  as  the  etfects  of  the  agency  of 
the  same  Almighty  and  Eternal  Being,  they  must, 
in  the  nature  of  things,  completely  harmoni'fee, 
and  can  never  be  repugnant  to  each  other  — 
whether  wo  be  capable  in  every  instance  of  per- 
ceiving their  complete  coiucidence  or  not.  If 
any  facts  could  be  produceil  in  the  visible  creation 
which  di*ctly  contradict  the  records  of  the  Bible, 
it  would  form  a  proof,  that  the  oracles  whicii  we 
•liold  as  Divine  were  not  dictated  by  the  Creator 
und  Governor  of  the  Universe.  But  although 
some  garbled  facts  have  been  triumphantly  ex- 
hibited in  this  view;  it  is  now  ascertained,  from 


the  discoveries  wliich  liave  been  lately  made  iu  r«. 
latiou  to  the  structure  and  formation  of  the  earth, 
that  the  truth  of  the  facts  detailed  in  Sacred  His- 
tory rests  on  a  solid  and  immutable  basis;  aiul 
that  the  Supreme  Intelligence  who  arranged  tho 
fabric  of  heaven  and  earth,  and  he  alone,  commu- 
nicated to  the  inspired  writers  the  doctrines  anc* 
facts  they  have  recorded:  and  we  have  reason  to  be- 
lieve, that  as  Geologists  proceed  in  their  researches 
and  investigations,  still  more  sensible  pft)ofs  of  the 
authenticity  of  Revelation  will  be  brought  to  light 

Geology  has  of  late  become  an  interesting  ob- 
ject of  inquiry  to  the  studei*  of  general  science, 
and  is  now  prosecuted  with  ardor  by  many  dis- 
tinguished philosophers.  The  observations  which 
have  been  niade  in  various  parts  of  the  world  by 
late  navigators;  the  facts  which  have  been  ascer- 
tained by  Pallas,  Saussure,  De  Luc,  Humboldt, 
Lyell,  Sedgwick,  and  other  intelligent  travelers; 
and  the  discoveries  which  have  been  brought  to 
light  by  modern  chemists  and  mineralogists,  have 
all  conspired  to  facilitate  Geological  inquiries,  to 
render  them  more  enlightened  and  satisfactory, 
and  to  prepare  the  way  for  future  ages  establish- 
ing a  rational,  scriptural,  and  substantial  theory 
of  tlie  earth.  The  man  who  engages  at  such  in- 
quiries has  always  at  hand  a  source  of  rational 
investigation  and  enjoyment.  The  ground  oij 
which  he  treads — the  aspect  of  the  surrounding 
country — the  mines,  the  caves,  and  the  quarries 
which  he  explores — every  new  country  in  which 
he  travels,  every  mountain  he  climbs,  and  every 
new  surface  of  the  earth  that  is  laid  open  to  his 
inspection,  offer  to  him  novel  and  interesting 
stores  of  information.  On  descending  inlo'niines, 
we  are  not  only  gratified  by  displays  of  human 
iugonuity,  but  we  also  acquire  views  of  the  strata 
of  earth,  and  of  the  revolutions  it  has  undergone 
since  the  period  of  its  first  formation.  Our  re- 
searches on  the  surface  of  the  earth,  amidst  abrupt 
precipices  and  lofty  mountains,  introduce  us  to 
tlie  grandest  and  most  sublime  works  of  the  Cre- 
ator, and  present  to  our  view  the  elf^'cts  of  stu- 
pendous forces,  which  have  overturned  moun- 
tains, and  rent  the  foundations  of  nature.-  "  In 
the  midst  of  such  scenes,  the  Geologist  feels  liis 
mind  invigorated;  tho  maguitude  of  the  appear- 
ances before  him  extinguishes  all  the  little  and 
contracted  notions  he  may  have  formed  in  the 
closet;  and  he  learns,  that  it  is  only  by  visiting 
and  studying  those  stupendous  works,  that  he  can 
form  an  adequate  conception  of  the  great  rela- 
tions of  the  crust  of  the  globe,  and  of  its  mode 
of  formation."* 

At  first  sight,  the  solid  mass  of  the  earth  appears 
to  be  a  confused  assemblage  of  rocky  masses, 
piled  on  each  other  without  regularity  or  order, 
where  none  of  those  admirable  displays  of  skill 
and  contrivance  are  to  be  observed,  which  so 
powerfully  excite  attention  in  the  structure  of 
animals  and,  vegetables.  But  on  a  nearer  and 
more  intimate  view;  a  variety  of  beautiful  ar- 
rangements has  been  traced  by  the  industry  of 
Geologists,  and  the  light  of  modern  discoveries: 
by  which  they  have  been  enabled  to  classify  these 
apparent  irregularities  of  nature.  The  rocks  of 
which  the  crust  of  the  earth  is  chiefly  composed, 
occur  in  beds  or  layers,  each  of  which  is  distin- 
guisb.ed  by  its  peculiar  characteristic.  1.  The  first 
class  is  what  has  been  denominated  Prijmry 
Rocks.  These  constitute  the  great  frame-work, 
or  primitive  envelope  of  the  globe.  They  form 
the  most  lofty  mountains,  and  at  the  same  time 
extend  downward  below  all   the  other  formationt 


*  Edinburgh  EncyclopsEdia,  Art.  Mineralogy 
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to  tlie  greatest  d?pths  yet  penetrated  by  man,  and 
eonslitute  everywhere  tlie  Ibuuiiatiou  on  wliich 
the  otiicr  rocks  are  supported.  It  is,  tliercfore, 
supposed  that  tliey  were  the  earliest  formed,  in 
the  progress  of  creation;  and  are  hence  denomi- 
nated primitive  or  primary  rocks.  One  of  the 
principal  rocks  of  this  class  is.granUe,  which  is 
compounded  of  qiartz, feldspar, and  mica.  Gneiss, 
or  slaty  granite,  is  consiaered  as  another  species; 
andinica  slate -.i  third  species  of  the  primitive  rocks. 
There  are  some  other  primary  rocks  which  occur 
imbedded  in, and  iuterstratitied  vvilh  the  principal 
primitive  rocks.  They  are  called  subordinate  rocks. 
and  are  named  as  follows: — Hornblende  rock,  S^r- 
perUine,  Crystalline  Limestone,  Quartz  rock.     The 
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the  primeval  ocean,  when  the  disruptions  caused 
by  such  powerful  and  mighty  movements,  reduced 
the  higher  parts  of  the  primitive  to  fragments. 
These  shattered  fragments  becoming  agglutinated 
by  their  own  pulvereut  cement,  recomposed  con- 
tinuous strata  which  form  the  rocks  to  which  we 
allude.  In  this  class  of  rocks  we  first  behold  the 
rudiments  of  vitality — the  dawn  of  organization 
• — the  first-born  of  earthly  creatures,  whose  ex- 
istence is  recorded  in  imperishable  characters. 
These  consist  of  organized  beings  of  the  lowest 
ord>>rs,  such  as  sca-sheils  of  various  descriptions, 
which  are  here  found  imbedded,  and  which  afford 
a  decisive  evidence  that  such  rocks  were  formed 
after  the  creation  of  organized  beings — the  rocks 
belonging  to  this  class  are  Transition  or  mountain 
limestoii!' — Graijwacke,  and  graywacke  slate — 
Slate  and  its  varieties.  Roof-slate,  and  the  slate  of 
which  school  slates  are  made,  are  well  known  va- 
rieties of  this  rock.  It  is  som'-times  called  clay- 
slate,  argillaceous  slate,  and  argillaceous  schistus. 
Transition  rocks  are  the  principal  repositories  of 
metallic  ores, which  occur  both  in  beds  and  veins 
more  abundantly  in  many  of  the  rocks  of  this 
class  than  in  primary  rocks. 

3.  The  next  class  is  the  Secondary  Rocks, 
which  lie  upon  the  transition  rocks,  and  appear 
like  deposits  composed  of  grains  which  once  be- 


three  principal  rocks  of  this  class,  granite,  gneiss, 
and  mica  slate,  might  with  propriety  be  regarded  aa 
belonging  to  one  iormation.     They  are  composed 
essentially  of  the  same  minerals,  varying  in  dilfer- 
ent  proportions,  and  are  rather  modes  of  the  same 
rock  than  dilTerent  species.     They  pass   by  gra- 
dations   into    each   other,   as    one    or   other   of 
their  constituent  minerals  becomes  more  or  less 
abundant;  they  alternate  with  each  other  in  va- 
rious situations,  and  may  be  regarded  as  contem- 
poraneous.— Granite   is  considered  as  the  founda- 
tion rock,  ou  which  slate  and  all  secondary  rocks 
are  laiil.     When   granite   rises  above  the  surface, 
the  beds  of  other  rocks  in  the  same   district  rise 
toward  it,  and  lie  against  it,  as  in  fig.  15;  but  there 
are  instances  in  which  they  appear  to  pitch 
under    the   granite,  as   in   the   next  figure. 
The  aspect  of   granite    mountains    is   ex- 
tremely various.     When  the  beds  are  hori- 
zontal, or  when  the  rock  is  soft  and  disinte- 
grating, the  summits  are  rounded  and  un- 
picturcsque.     (S^ee  fig.   16.)     When    hard 
and  soft  granite  occur  in  the  same  mass, 
tlie  soft  decomposes,  and  leaves  the  hard  iu 
large,  loose  masses  upon  the  soil,  or  if  they 
lie   in  alternate  and  highly  inclined  beds, 
the  hard  granite  forms  high  and  almost  iu- 
accessible  peaks,  as  seen  in  fig.  47. 

The  structure  of  primary  rocks  is  crys- 
talline— (see  fig.  17),  they  form  the  central 
parts  of  the  most  elevated  mountain-chains 
— they  never  contain  the  fragments  of  other 
rocks — and  they  are  particularly  distinguish- 
ed from  all  other  formations  in  this, — that 
they  contain  no  remains  of  organized  sub- 
stances. There  also  appears  conclusive  ev- 
idence, that  materials  composing  granite, 
of  which  this  class  of  rocks  chiefly  consists, 
were  once  in  a  .state  of  fusion. 
2.  The  class  of  rocks  next  in  order  to  the 
primitive  are  what  are  termed  1'KANSiTi'ON 
Rocks, — which  are  next  and  above  the 
primitive  on  which  they  rest.  This  forma- 
tion is  composed  of  the  larger  fragments  of 
all  the  primitive  rocks  consolidated  into 
continuous  masses.  It  is  supposed  that 
these  rocks  were  formed,  when  the  prima- 
ry rocks  were  thrown  up  from  the  bed  of 
longed  to  primitive  rocks.  Geologists  now  divide 
these  rocks  into  upper  secondarj^  and  lower  secon- 
dary. The  principal  secondary  formations  are: 
(1.) — The  coal  formation,  in  the  lower  secondary 
series,  and  the  rock-salt  or  saliferous  formation  iu 
the  upper  secondary.  The  strata  of  the  coal  for- 
mation are  numerous,  extensive,  and  parallel;  but 
they  are  often  beset,  undulating,  curved,  broken, 
and  contorted  in  various  ways.  The  strata  con- 
nected with  the  coal  bear  evidences,  in  some  in- 
stances, of  having  been  rapidly  deposited,  as  in  the 
cases  where  we  find  the  vertical  stems  of  plants 
standing  in  their  natural  position,  in  many  coal 
mines,  and  the  rocks  deposited  around  them  in 
horizontal  or  slitrhtly  inclined  strata.  The  stems 
of  arbor'^scent  plants,  two  or  three  feet  in  diame- 
ter, are  thus  found  piercing  through  the  strata 
many  feet.  In  such  a  case,  the  sand  mud  must 
have  been  deposited  within  a  comparatively  short 
time  around  them,  otherwise  in  a  climate  such  as 
that  in  which  these  plants  grew,  they  would  Uavo 
decayed  and  left  no  indications  of  their  existence. 
— Coal  occurs  in  regular  strata  which  vary  iu 
thickness  from  a  few  inches  to  several  feet  or 
yards.  In  the  same  coal  formatious  many  strata 
of  coal  occur  under  each  other  separated  by  a 
stratum  of  shale,  sandstone,  etc.  The  series  of 
strata  which  occur  together  is  called  a  coal  field 
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Coal  fields  are  of  limited  extent,  and  the  strata 
often  dip  to  a  common  center,  being  often  ar- 
ranged in  basiii-sliapod  cavities,  which  appear  to 
have  been  originally  detached  lakes  that  vv'ere 
gradually  filled  up  by  repeated  depositions  of  car- 


bonaceous and  mineral  matter.  Tlie  different 
strata  over  and  under  the  beds  of  coal  are  fre- 
quently similar,  and  the  same  series  of  strata  la 
repeated  for  each  successive  stratum  of  coal,  as 
shown  iu  fig.  18.     Coals  are  generally  supposed 
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to  have  had  a  vegetable  origin;  and,  when  we 
consider  the  abundance  of  vegetable  remains  usu- 
ally found  in  connection  with  coal,  and  the  vege- 
table structure  which  the  coal  itself  sometimes 
exhibits,  we  can  hardly  doubt  .-s  to  its  origin.  At 
most  coal  mines,  even  the  thinnest  layers  of  slate, 
when  split  ofl",  show  the  impressions  of  the  leaves 
and  flat  stems  of  the  various  grasses,  reeds,  and 
ferns,  in  all  their  most  delicate  jmrts.  The  im- 
pressions between  the  layers  of  siate  sometimes 
give  as  perfect  a  representation  of  the  plant,  as  if 
the  plant  had  been  pressed  and  dried  in  a  book, 
and  the  leaves  then  opened  to  display  it. 

(2.)  The  Wy';;;er  secondary  rocks  comprise  all  the 
different  formations  above  the  great  coal  forma- 
tions, to  the  upper  limit  of  the  chalk  scries.  These 
rocks  are  divided  into  tiie  three  following  forma- 
tions. 1.  Chalk,  or  cretaceous  rocks,  iucluding 
the  ferruginous  and  green  sand.  2.  Oolitic  Rocks, 
lias  limestone,  and  lias  clay.  3.  Red  Sandstone, 
including  magnesian  limestone. — The  red  sand- 
stone formation  is  characterized  by  t!ie  first  ap- 
pearance of  the  remains  of  the  Sa'a'ia:i,  or  lizard- 
shaped  aniinals.  The  remains  of  a  number  of 
species  have  been  found,  differing  in  their  appear- 
ance from  the  crocodile  and  alligator,  some  of 
which  must  have  been  from  60  to  120  feet  in 
length.  These  animals  appear  to  have  lived  in 
salt  water,  unlike  any  of  this  class  with  which 
we  are  acquainted  at  the  present  day,  all  of  which 
belong  either  to  the  land  or  to  fresh  wafer.  They 
had  neither  feet  nor  fins,  but  paddles  like  the  sea 
turtle,  and  their  tails  were  long,  of  the  form  of  an 
oar,  and  fitted  to  propel  them  through  the  most 
agitated  waters.  The  Oolitic  rocks  are  composed 
of  various  strata  of  limestone,  clay,  sand,  and 
sandstone.  Oolite  derives  its  name  from  the  small 
globules  that  are  imbedded  in  this  species  of  rock 
— some  of  tlie  masses  of  which  appear  composed 
of  little  rounded  globules  like  the  roes  of  fish. 
These  rocks  are  remarkable  for  the  great  variety 
of  organic  remains  they  contain.  The  animal 
remains  are  those  belonging  to  the  land,  and  to 
fresh  water.  The  teeth  and  bones  of  fisli  and 
reptiles  are  abundant.  The  reptiles  are  mostly 
saurian  animals  and  turtles.  Among  these  are 
the  Megalo  saurus,  the  Plesio  saurus,  and  the  Igu- 
auodon,  some  of  which  nuist  have  been  at  least 
70  feet  in  length,  and  of  the  hight  of  an  elephant. 
There  are  also  vecjetable  fossils  in  these  rocks, — 
consisting  of  arborescent  forms,  trunks  of  palms, 
gigantic  reeds,  and  similar  vegetable  productions, 
which  are  now  to  be  found  growing  only  in  the 
Torrid  Zone. 


4.  The  next  division  is  the  Tkrtiary,  which  is 
considered  as  having  been  deposited  after  the 
Secondary.  The  strata  comprehended  under  this 
class  consist  of  beds  of  clay,  marl,  sand,  pudding- 
stones,  and  imperfectly  consolidated  limestone, 
which  appear  to  have  been  deposited  since  tlie 
chalk  formation.  The  tertiary  deposits  contain 
no  beds  of  minerals  or  metallic  veins,  capable  of 
exploration,  except  lignite  and  jet,  which  are  used 
for  fuel  and  ornament, — clay  for  pottery,  sand  for 
the  manufacture  of  glass,  pyrites  for  the  manu- 
facture of  copperas  and  alum,  and  a  valuable  iron 
ore  called  hydrate  of  iron.  This  formation,  how- 
ever, abounds  with  a  vast  quantity  of  vegetable 
and  animal  remains,  such  as  crocodiles,  crabs,  lob- 
sters, several  spech'-s  of  vertebral  fish,  and  a  vast 
number  of  testaceous  exuvios;  so  well  preserved 
as  to  have  the  appearance  of  recent  shells.  The 
most  remarkable  discovery  that  has  been  made  re- 
specting the  Tertiary  deposits  is,  that  many  of 
them  contain  the  bones  of  inammij'crous  animals 
(that  is  those  which  suckle  their  young)  as  per- 
fect in  their  organization  as  any  of  the  exising 
species  of  land  animals;  but  most  of  them  belong 
to  genera  or  species  that  are  extinct.  These  strata 
are  further  remarkable  for  presenting  the  frequent 
alternation  of  beds  containing  the  remains  of  ma- 
rine animals,  with  other  beds  that  contain  the 
bones  of  land  animals  or  fresh  water  ?hells.  The 
city  of  Paris,  in  France,  and  the  country  around, 
which  are  situated  upon  a  tertiary  deposit,  which 
rests  upon  chalk — are  remarkable  for  the  extraor- 
dinary organic  remains  which  they  contain.  Mil- 
lions of  marine  shells  compose  the  principal  mass. 
Bones  of  marine  animals,  of  whieli  the  genera  are 
entirely  unknown,  are  found  in  certain  parts. 
Other  bones,  remarkable  for  their  vast  size,  and 
of  which  some  of  similar  genera  exist  only  in  dis- 
tant countries,  are  found  scattered  in  the  upper 
beds.  Not  only  the  remains  of  sea  animals  and 
land  quadrupeds,  but  also  those  of  birds,  are  found 
in  this  deposit,  such  as  the  duck,  the  pelican,  the 
woodcock,  the  starling,  and  the  skylark.  The 
famous  locality  of  fossil  fish  at  Monte  Eolca,  in 
Italy,  is  in  tertiary  strata.  About  105  sjiecies 
have  been  found  iu  those  quarries,  and  many  of 
them  are  diiTerent  from  any  species  known  to  ex- 
ist in  the  neighboring  seas,  or  even  in  any  part  of 
the  earth. 

.^.  The  next  distinction  of  formations  made  by 
Geologists  is  Diluvial  and  Alluvial  deposits — the 
former  being  generally  considered  as  having  been 
formed  by  tho  last  general  deluge,  and  the  latter 
by  currents  of  rivers  and  other  causes  now  ia 
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operation.  The  blocks  of  rock  and  the  beds  of 
gravel  spread  or  scattered  on  the  surface  of  the 
ground,  composed  of  stone  or  fragments  foreign 
to  the  district  in  which  they  are  spread,  and  which 
frequently  cover  the  bones  of  unknown  species 
of  quadrupeds  —  are  called  Diluvial  depositions, 
that  is,  depositions  whicii  have  been  caused  by  a 
deluge  T!ie  materials  of  these  deposits  are  usu- 
ally coarse,  and  composed  of  gravel,  pebbles,  and 
blocks  of  a  great  variety  of  rocks  aggregated  witii- 
out  any  regularity.  The  sand,  soil,  or  fragments 
brought  dov.'n  by  rivers,  and  spread  along  their 
banks  or  at  their  mouths,  are  called  alluvial  depo- 
sitions. The  hones  and  skeletons  of  large  ani- 
mals, attd  especially  the  'Mananoih,  are  found  in 
diluvial  gravel'  in  many  countries.  In  Siberia, 
the  tusks  of  the  fossil  elephant  are  found  in  the 
diluvial  banks  of  almost  every  river,  and  some- 
times in  such  abundance  that  the  ivory  from  these 
skeletons  is  an  article  of  expoi-t.  It  is  said  tliat 
the  skeleton  of  a  wliale  lies  on  the  top  of  moun- 
tains 3000  feet  high  on  the  coast  of  the  Northern 
ocean,  which  could  scarcely  liave  been  conveyed 
to  such  au  elevation  but  by  an  immense  over- 
whelming deluge. 

Alluvial  deposits  are  the  most  superficial  of 
all  the  formations;  they  are  forming  every  day; 
they  envelop  the  remains  of  animals  that  still  ex- 
ist on  the  surfaces  they  have  formed,  and  they  are 
also  mingled  with  the  remains  of  animals  v.'hich 
have  existed  in  recent  times.  Tiie  alluvial  beds, 
taken  as  masses,  are  all  of  loose  earth.,  and  are 
never  covered  by  rocky  masses;  and  in  these 
beds  chiefly  ore  to  be  found  the  remains  of  human 
beings  and  the  monuments  of  their  industry  and 
art.  There  is  a  constant  tendency  in  torrents, 
currents,  rivers,  tides,  winds,  and  similar  causes, 
to  wear  down"  the  ineipialities  of  the  land  and  de- 
posit the  materials  iu  the  sea.  In  this  way  deltas 
have  been  formed,  such  as  tlie  deltas  of  tlie  Nile, 
the  Ganges,  the  Mississippi,  the  Danube,  and  the 
Rhone.  The  mouths  of  the  Mississippi  are  now 
more  than  100  miles  from  its  original  entrance 
into  the  gulf  of  Mexico,  and  for  hundreds  of 
miles  above  most  of  the  land  seen  from  its  banks 
is  alluvial;  so  that  all  the  mass  of  land  alluded  to 
has  been  formed  by  materials  carried  down  by  the 
rapid  current  of  this  mighty  river.  The  delta  of 
tlie  Ganges  commences  220  miles  in  a  direct  line 
from  the  ocean;  and  the  town  of  Adria,  which 
was  once  a  port  on  the  Adriatic,  is  now  20  miles 
inland;  all  which  vast  accumulations  are  con- 
sidered as  the  effects  of  Alluvial  depositions. 

6.  There  is  likewise  a  species  of  Rocks  distin- 
guished by  Geologists  by  the  title  of  Volcanic 
and  Basaltic  rocks;  which  owe  their  origin  to 
volcanic  fire,  and  are  sometimes  forced  up  to  the 
surface  of  the  earth  by  the  action  of  subterranean 
heat.  The  principal  volcanic  rocks  are  ba"alt, 
lava,  and  greenstone.  Volcanic  rocks  occur  in 
sliapeless  masses,  and  are  destitute  of  organic  re- 
mains. In  some  parts  of  Europe,  as  in  Iceland, 
Sicily,  and  the  country  around  Naples,  active  vol- 
canoes still  exist,  which  frequently  emit  vast 
quantities  of  lava,  ashes,  and  other  sj)ecies  of  mat- 
ter But  even  in  places  where  no  active  volca- 
noes exist,  as  in  Auvergne,  Velay,  and  Vivavais,  in 
France,  several  hundreds  of  conical  hills  are 
found,  with  craters  near  their  summits.  These 
hills  are  composed  of  materials  similar  to  those 
of  active  volcanoes,  and  streams  of  lava  may 
sometimes  be  traced  proceeding  from  the  cones 
into  the  adjoining  valleys,  where  they  choke  up 
the  ancient  channels  of  rivers,  in  the  same  man- 
ner as  some  of  the  modern  lavas  in  Iceland  have 
been  knovi'n  to  do,  the  rivers  either  flowing  be- 


neath, or  cutting  out  a  passage  on  one  side  of  the 
lava. — Trap  rocks  are  related  to  volcanic,  and  aro 
mostly  composed  of  hornblende  and  feldspar.  Tho 
term  trap  is  derived  from  the  German  word  trappa, 
a  stair,  as  many  of  these  rocks  occur  ,n  a  terrace 
form,  or  like  the  steps  of  a  stair — u  configuraliou 
which  is  supposed  to  be  owing  to  the  stopjdng  of 
large  sheets  of  lava  when  flowing,  whether  at  the 
bottom  of  tho  sea  or  on  dry  land;  for  it  is  known 
that  streams  of  lava  generally  terminate  in  ab- 
rupt precipices,  similar  to  the  beds  constituting 
the  trap  ranges.  These  rocks  are  distinguished, 
even  at  a  distance,  from  those  of  tho  stratified 
formations,  as  the)-  occur  in  shapeless  masses,  and 
form  hilly  tracts  of  great  irregularity  of  surface, 
or  in  the  form  of  walls  or  djjkes  penetrating  other 
rocks,  which  they  alter  in  cliaracter  to  a  certain 
degree  at  this  point  of  contact. 

Basalt  is  of  a  black  or  bluish-gray  color.  It  is 
commonly  fine-grained,  and  consists  of  an  inti- 
mate admixture  of  ftkispar  and  augite,  a  variety 
of  hornblende,  with  some  oxyd  of  iron.  Many 
of  tile  Western  Islands  of  Scotland  are  wholly  or 
almost  composed  of  basalt.  The  island  of  Ki'taJJa 
is  a  complete  mass  of  basalt.  It  is  about  two 
miles  in  circumference,  and  is  surrounded  on 
every  side  bj' steep  cliffs,  70  feet  high,  formed  of 
clusters  of  angular  columns,  containing  from  5 
to  7  sides  each.  Fingal's  cave  is  in  the  S.  E.  cor- 
ner of  tlie  island,  and  presents  a  magnificent 
chasm,  42  feet  wide,  and  227  in  length.  The 
roof,  which  is  100  feet  high  at  the  entrance,  gra- 
dually diminishes  to  50,  and  is  composed  of  tho 
projecting  extremities  of  basaltic  pillars,  and  the 
base  of  a  causeway  of  the  same  materials. — The 
GianVs  Causeway,  in  the  county  of  Antrim,  iu 
Ireland,  is  another  striking  specimen  of  basaltic 
columns.  It  consists  of  hundreds  of  tiiousands 
of  pentagonal  and  hexagonal  columns  (that  is, 
columns  of  5  and  6  sides)  vaiying  from  1  to  5 
feet  in  thickness,  and  from  20  to  200  feet  in  hight. 
The  district' in  which  this  remarkable  formation 
occurs  lies  on  both  sides  of  the  river  Eann,  and 
comprehends  an  area  of  800  square  miles. — 
Throughout  this  area,  the  basalt  is  found  occupy- 
ing all  the  eminences,  and  constituting  an  over- 
lying bed  of  igneous  rocks,  at  least  500  feet  iu 
thickness.  The  greatest  mass  of  basalt  yet  known 
occurs  in  the  province  of  Deccan  in  India,  where 
it  constitutes  the  surface  over  an  area  of  many 
thousand  square  miles. 

Having  given  the  above  brief  sketches  of  the 
different  orders  of  stratification,  I  shall  conclude 
this  department  of  the  subject,  b)'  a  few  general 
statements  respecting  the  organic  remains  imbed- 
ded in  the  several  formations  to  which  we  have 
adverted. 

1.  Organic  remains  are  not  found  promiscuous- 
Ij'  scattered  through  the  rocks,  but  each  forma- 
tion has  its  peculiar  group  of  animals  and  plants; 
and  on  comparing  together  the  larger  groups  of 
strata,  we  find  scarcely  any  organic  remains  com 
mon  to  any  two  of  them.  These  fossil  animal 
and  plants  are  found  together  in  groups,  very 
much  as  living  plants  and  animals  are — difierent 
groups  occup)  ir.g  cifl'erent  portions  of  the  surface 
of  the  earth  and  of  the  ocean.  Hence  it  is  con- 
cluded, that  these  remains  were  once  living  plants 
and  animals,  wiiich,  in  different  periods,  occupied 
the  ocean  and  the  dry  land,  grouped  together  as 
we  now  find  them,  and  that,  as  they  died,  they  be- 
came enveloped  in  rock,  near  the  places  where 
they  ])assed  tlieir  existence. 

2.  Some  of  the  formations  and  deposits  to  which 
we  have  alluded,  particularly  the  Mountain  lime- 
stone, consist  almost  entirely  of  the  shells  and  co« 
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ralline  productions  of  sea  animals,  and  this  for- 
mation is  often  a  thousand  or  more  feet  in  thick- 
ness, and  many  miles  in  length  and  breadth.  In 
what  arc  termed  the  Silurian  formations  is  found 
a  long  succession  of  strata  many  thousand  feet  in 
thickness,  and  imbedding  not  fewer  than  375  spe- 
cies belonging  to  the  animal  kingdom. 

3.  It  is  considered  as  an  established  fact,  that 
of  more  than  3000  species  of  plants  and  animals 
that  are  found  in  a  fossil  stale  in  the  secondary 
rocks,  not  a  single  species  corresponds  with  any 
now  living  on  the  globe;  and  even  out  of  3000 
fossil  species  in  the  Tertiary  formation  less  than 
600  are  identical  with  living  species.  In  short, 
in  all  the  ditferent  formations,  until  we  come  to 
the  uppermost  and  the  newest,  the  thousand  spe- 
cies they  contain  are  all  different  from  any  in  the 
now  existing  creation,  though  possessing  family 
analogies. 

4.  It  is  a  remarkable  fact, that  notwithstanding 
the  great  variety  of  fossils  observed  in  the  early 
formations,  tlie  remains  of  Man  are  not  to  be 
found  in  these  formations.  The  remains  of  hu- 
man beings  and  the  vestiges  of  the  arts  and  ope- 
rations of  man  are  discovered  only  in  or  upon 
those  earthly  masses  which  are  denionstrably  pos- 
terior to  all  regular  geological  deposits — or,  the 
Diluvial  and  Alluvial  formations — and  under  cir- 
cumstances indicating  the  human  species  to  have 
been  among  the  recent  productions  of  the  Crea- 
tor's power,  and  that  man  was  created  at  a  period 
posterior  to  those  great  changes  and  convulsions 
which  destroyed  so  many  miliions  of  millions  of 
animated  beings.  Had  this  not  been  the  case,  it 
is  almost  certain  that  numerous  remains  of  the 
human  species  would  have  been  found  in  the  early 
formations. 

"  The  phenomena  of  Geology  show  that  the 
original  formation  of  the  rocks  has  been  accom- 
panied, in  nearly  all  its  stages,  by  a  process  of 
waste,  decay,  and  recomposi'.ion.  The  rocks,  as 
they  were  successively  deposited,  were  acted  upon 
by  air  and  water,  heat,  etc.,  broken  into  frag- 
ments or  worn  down  into  grains  out  of  which 
new  strata  were  formed.  Even  the  newer  se- 
condary rocks,  since  their  consolidation,  have 
been  subject  to  great  changes,  of  which  very  dis- 
tinct monuments  remain.  Thus,  we  have  single 
mountains,  wliich  from  their  structure  can  be 
considered  only  as  remnants  of  great  formations, 
or  of  great  continents  no  longer  in  existence. — 
Mount  Meisner,  in  Hesse,  six  miles  long,  and  three 
broad,  rises  about  1800  feet  above  its  base,  and 
2100  above  the  sea,  overtopping  all  the  neighbor- 
ing hills  for  40  or  50  miles  round.  The  lowest 
part  of  the  mountain  consists  of  the  same  shell, 
limestone,  and  sandstone,  which  exist  in  the  adja- 
cent country.  Above  these  are,  first,  a  bed  of 
sand,  then  a  bed  of  fossil  wood  100  feet  thick  at 
some  points,  and  the  whole  is  covered  by  a  mass 
of  basalt,  500  feet  in  bight.  On  considering  (hose 
facts  it  is  impossible  to  avoid  concluding,  that  this 
mountain  which  now  overtops  the  n.dgh boring 
country,  occupied  at  one  time  the  bottom  of  a 
cavity  in  the  midst  of  the  higher  lands.  The 
vast  muss  of  fossil  wood  could  not  all  have  grown 
there,  but  must  have  been  transported  by  water 
from  a  more  elevated  surface,  and  lodged  in  what 
was  then  a  hollow.  The  basalt  which  covers  the 
wood  must  also  have  flowed  in  a  current  from  a 
higher  site;  but  the  soil  over  which  the  basalt  and 
the  wood  passed  has  been  swept  away,  leaving  this 
mountain  as  a  solitary  memorial  to  attest  its  ex- 
istence. Thus  also  on  the  side  of  Mount  Jura 
next  the  Alps,  where  no  other  mountain  inter- 
poses, there  are    found    vast   blocks    of    granite 


(some  of  them  of  1000  cubic  yards)  at  the  hight 
of  more  than  2000  feet  above  the  lake  of  Geneva. 
These  blocks  are  foreign  to  the  rocks  among  which 
they  lie,  and  have  evidently  come  from  the  oppo- 
site chain  of  the  Alps;  but  the  land  which  con- 
stituted the  inclined  plane  over  which  they  were 
rolled  or  transported  has  been  worn  away,  and  the 
valley  of  Lovv'er  ."Switzerland,  with  its  lakes,  now 
occupies  its  place.  Transported  masses  of  primi- 
tive rocks  of  the  same  description  are  found  scat- 
tered over  the  north  of  Germany,  which  Von 
Bnch  ascertained,  by  their  characters,  to  belong  to 
the  mountains  of  Scandinavia;  and  which  there- 
fore carry  us  back  to  a  period  when  an  elevated 
continent,  occu{)ying  the  basin  of  the  Baltic,  con- 
nected Saxony  and  Norway."* 

The  production  of  a  bed  for  vegetation  is  efTec- 
ted  by  the  decomposition  of  rocks.  This  decom- 
position is  effected  by  the  expansion  of  water  in 
pores  or  the  fissures  of  rocks,  by  heat  or  congela- 
tion, by  the  solvent  power  of  moisture,  and  by 
electricity,  which  is  known  to  be  a  powerful 
agent  of  decomposition.  As  soon  as  the  rock  be- 
gins to  be  softened,  the  seeds  of  lichens,  winch 
are  constantly  floating  in  the  air,  make  it  their 
resting-place.  Their  generations  occupy  it  until 
a  finely  divided  earth  is  formed,  whicli  becomes 
capable  of  supporting  mosses  and  heath;  acted 
upon  by  light  and  heat,  these  plants  imbibe  the 
dew  and  convert  constituent  parts  of  the  air  into 
nourisliment.  Their  death  and  decay  afford  food 
for  a  more  perfect  species  of  vegetable;  and  at 
length  a  mold  is  formed,  in  which  even  the  trees 
of  the  forest  can  fix  their  roots,  and  which  is  ca- 
pable of  rewarding  the  labors  of  the  cultivator. — 
The  decomposition  of  rock  tend!<  to  the  re  no  ijation 
of  soils,  as  well  as  their  cultivation.  Finely  di- 
vided matter  is  carried  by  rivers  from  the  higher 
districts  to  the  low  countries,  and  alluvial  lands 
are  usiutlly  extremely  fertile.  By  these  opera- 
tions the  quantity  of  habitable  surface  is  con- 
stantly increased;  precipitous  clifl^s  are  gradually 
made  gentle  slopes,  lakes  are  filled  up,  and  islands 
are  formed  at  the  mouths  of  great  rivers;  so  that, 
as  the  world  grows  older,  its  capacity  for  contain- 
ing an  increased  number  of  inhabitants  is  gradu- 
ally enlarging. 

Of  all  the  memorials  of  the  past  history  of  our 
globe,  the  most  interesting  are  those  myriads  of 
remains  of  organized  bodies  which  exist  in  the 
interior  of  its  outer  crusts.  In  these,  we  find 
traces  of  innumeral)le  orders  of  beings  existing 
under  dilfcrent  circumstances,  succeeding  one  an- 
other at  di;?tant  epochs,  and  varying  through  mul- 
tiplied changes  of  form.  "  If  we  examine  the 
secondary  rocks,  beginning  with  the  most  ancient, 
the  first  organic  remains  which  present  themselves 
are  those  of  aquatic  plants  and  large  reeds,  but 
of  species  different  from  ours.  To  these  succeed 
madrepores,  encrenites,  and  oilier  aquatic  zoo- 
philes, living  beings  of  the  simplest  forms,  which 
remain  attached  to  one  spot,  and  partake,  in  some 
degree,  of  the  nature  of  vegetables.  Posterior  to 
these  are  ammonites,  and  other  inollusci,  still  very 
simple  in  their  forms,  and  entirely  different  from 
any  animals  now  known.  After  these,  some  fishes 
appear;  and  plants,  consisting  of  bamboos  and 
ferns,  increase,  but  still  diflerent  from  those  which 
exist.  In  the  next  period,  along  with  an  increas- 
ing numbiM'  of  extinct  species  of  shells  and  fishes, 
we  meet  w.-h  amphibious  and  viviparous  quadru- 
peds, such  as  crocodiles  and  tortoises,  and  some 
reptiles,  as  serpents,  which  show   that  dry  land 
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BOW  existed.  As  wo  approach  tlie  newest  of  the 
•olid  rock  formation,  we  find  lamantins,  phociB, 
and  otiier  cetaceous  and  mamniiferous  sea  ani- 
mals, with  some  birds.  And  in  the  newest  of 
these  formations,  we  find  the  remains  of  herbife- 
rous  land  animals  of  extinct  species,  the  paleothe- 
rium,  anaplotherium,  etc.,  and  of  birds,  with  some 
fresh  water  shells.  In  the  lowest  beds  of  loose 
soil,  and  in  peat  bogs,  are  found  the  remains  of 
the  elepliani,  rhinoceros,  hippopotamus,  elk,  etc., 
of  ditFerent  species  from  those  which  now  exist, 
but  belonging  to  the  same  genera.  Lastly,  the 
bones  of  the  species  which  are  apparently  the 
same  with  those  now  existing  alive,  are  never 
found  except  in  the  very  latest  allnvial  deposi- 
tions, or  those  which  are  either  formed  in  the 
sides  of  rivers,  the  bottom  of  ancient  lakes  and 
marshes  now  dried  up,  in  peat  beds,  in  the  fis- 
sures and  caverns  of  certain  rocks,  or  at  small 
deptlis  below  the  present  surface,  in  places  where 
they  may  have  been  overwhelmed  by  debris,  or 
even  buried  by  man.  Human  bones  are  never 
found  except  among  those  of  animal  species  now 
living,  and  in  situations  which  show  that  they 
have  been,  comparatively  speaking,  recently  depo- 
sited."* 

Numerous  species  of  animals  have  been  found 
imbedded  in  the  secondary  strata — no  living  ex- 
amples of  which  are  now  to  be  found  in  any 
quarter  of  the  globe.  Among  the  most  remarka- 
ble of  these  are  the  following: — 1.  The  Mammoth, 
which  bears  a  certain  resemblance  to  the  ele- 
phant, but  is  much  larger,  and  diifers  consider- 
ably in  the  size  and  form  of  the  tusks,  jaws,  and 
grinders.  The  fossil  remains  of  this  animal  are 
more  abundant  in  Siberia  than  in  otlier  countries; 
there  being  scarcely  a  spot,  from  the  river  Don  to 
Kamtschatka,  in  which  they  have  not  been  found. 
Not  only  single  bones  and  perfect  skeletons  of 


this  animal  are  frequently  to  be  met  with;  but,  in 
a  late  instance,  the  whole  aniuiai  was  found  pre- 
served in  ice.  This  animal  was  discovered  on  the 
banks  of  the  frozen  ocean,  near  the  mouth  of  the 
river  Jena,  in  1799;  and  in  1805,  Mr.  Adams  got 
it  conveyed  over  a  space  of  7000  miles  to  Peters- 
burg, wliere  il  is  deposited  in  the  museum.  The 
flesli,  skin,  and  hair,  were  completely  preserved, 
and  even  the  eyes  were  entire.  It  was  provided 
with  a  long  mane,  and  the  body  was  covered  vvilb 
hair.  This  hair  was  of  different  qualities.  There 
were  stiff"  black  bristles  from  twelve  to  filleea 
inches  long,  and  these  belonged  to  the  tail,  mane, 
and  ears.  Other  bristles  were  from  nine  to  ten 
inches  long,  and  of  a  brovi'n  color;  and  beside 
these,  there  was  a  coarse  wool,  from  four  to  five 
inches  long,  of  a  pale  yellow  color.  This  mam- 
moth was  a  male  ;  it  measured  nine  feet  four 
inches  in  bight,  and  was  sixteen  feet  four  inches 
long,  without  including  the  tusks.  The  tusks, 
measuring  along  the  curve,  are  nine  feet  six 
)!iches;  and  the  two  together  weigh  'idi)  lbs.  avoir- 
dupois.  The  head  alone,  without  the  tusks, 
weighs  414  lbs.  avoirdupois.  The  remains  of  this 
animal  have  been  found  likewise  in  Iceland,  Nor- 
way, Scotland,  England,  and  in  many  places 
through  the  continent  onward  to  the  Arctic  ocean. 

2.  The  Megaiherium.  A  complete  skeleton  of 
this  colossal  species  was  found  in  diluvial  soil 
near  Buenos  Ayres,  and  sent  to  Madrid.  The 
specimen  is  fourteen  feet  long,  and  seven  Spanish 
feet  in  liight. 

3.  The  Great  Mastodon  of  the  Ohio,  of  which 
the  following  figure  is  a  representation.  This  spe- 
cies appears  to  have  been  as  tall  as  the  elephant, 
but  with  longer  and  thicker  limbs.  It  had  tusks 
like  the  elephant,  and  appears  to  have  lived  on 
roots.  Its  remains  abound  in  America,  particu- 
larly on  the  banks  of  the  Ohio. 


Fig.  19. 


4.  The  Tapir,  which  also  abounds  in  America. 
The  one  named  Gigantic  Tapir,  is  about  eighteen 
feet  long,  and  twelve  feet  hifrh. 

_  5.  The  Irish  Elk,  or  Elk  of  tlie  Isle  of  Man. 
This  gigantic  species,  now  apparently  extinct, 
occurs  in  a  fossil  state,  in  Ireland,  Isle  of  Man, 
England,  Germany,  and  France.  The  most  per- 
fect specimen  of  this  species,  which  was  found  in 
the  Isle  of  Man,  may  be  seen  in  the  museum  of 
the  University  of  Edinburgh.  It  is  six  feet  high, 
nine  feet  long,  and  in  bight,  to  the  tip  of  tlie  right 
horn,  nine  feet  seven  and  a  half  inches. t 

Such  are  a  few  of  the  facts  which  the  researches 
of  modern  Geology  have  disclosed.  Let  us  now 
consider  what  are  the  conclusions  which  have 
oeen  deduced  from  them. 

One  of  the  grand  conclusions  which  has  been 
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deduced  by  modern  geologists — even  by  those 
who  acknowledge  the  divinity  of  the  Christi;m 
Revelation,  is,  that  the  materials  of  u-hick  our  globe 
is  composed  are  of  very  high  aniiquitij,  and  were 
brought  into  existence  long  before  the  race  of 
Adam  was  placed  upon  the  earth.  The  exact 
period  of  years  which  any  of  these  materials  may 
have  existed,  or  any  approximation  to  it,  no  geo- 
logist has  yet  undertaken  to  determine,  nor  is  it 
likely  that  the  problein  will  ever  be  satisfactorily 
solved.  In  reference  to  some  of  tlie  coal  strata, 
Mr.  Maccullochj  in  his  "System  of  Geology," 
states  that  it  would  be  even  too  short  a  period 
"  were  we  to  allow  200,000  years  for  the  produc- 
tion of  the  coal  mines  of  Newcastle  with  all  its 
rocky  strata,"  not  including  the  subsequent  for- 
mations up  to  the  present  condition  of  the  earlh. 
Mr.  Maclaren,  in  his  "  Geology  of  Fife  and  the 
Lothians,"  estimates  a  single  period  of  volcanic 
quiescence,  during  which  strata  of  coal,  s'lale, 
sandstone,  and  limestone,  wore  deposited  over  tho 
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side  of  Artluu-'s  Seat,  a  basultic  hill    in  the  vici-  j  riads  of  brings  were  brought  into  existence,  under 


nity  of  Edinburgh  —  at  foe  hundred  thousand 
years.  Mr.  Babbage,  when  rrft-rring  to  the  ter- 
tiary class  of  forinutious,  regards  it  as  a  truth, 
supported  by  irrL'sistible  evidence,  "  that  the  for- 
mation even  of  those  strata  which  are  nearest  the 
surface,  must  have  occupied  vast  periods,  probably 
inillion^  of  years."  *  The  Rev.  Pi-ofessor  Sedg- 
wick, when  adverting  to  the  process  of  forming 
deposits,  says,  tliat  "a  section  of  a  few  perpendi- 
cular feet  indicates  a  very  loity  lapse  of  time,"  so 
that  in  such  processes  "  many  tliousan.ls  of  years 
sink  into  a  trilling  period."  In  short,  the  most 
respectable  modern  geologists,  when  alluuing  to 
this  point,  use  such  expressions  as  the  foilowiug — 
"iniinense  periods  of  time"  —  "a  duration  to 
which  we  dare  not  assign  a  boundary"' — "unde- 
fined ages" — "a  long  succession  of  monuments, 
for  the  production  of  each  of  which  there  may 
have  been  required  a  thousand  ages" — "succes- 
sions of  events,  where  the  language  of  nature 
siguities  millions  of  years" — "  a  duration  which 
it  would  be  presumptuous  to  put  into  an  estimate 
of  years  and  centuries" — with  many  other  ex- 
pressions of  a  similar  import.  \Vhether  such 
strong  and  unlimited  expressions  be  warranted  by 
the  nature  of  the  processes  alluded  to,  I  do  not 
take  upon  me  to  determine. 

2.  Another  conclusion  which  has  been  deduced 
from  the  above  stated  facts,  is,  tliat  during  the 
changes  which  the  globe  has  und'Tgone,  since  its 
original  production  out  of  nothing,  several  de- 
structions and  subsequent  new  creations  of  aninmls 
and  plants  have  taken  place,  perhaps  at  very  dif- 
ferent and  very  distant  epochs.  The  greater  part 
of  geologists  conclude,  that  four  or  five  distinct 
epochs  of  destruction  and  renewal  may  be  traced 
in  the  organic  remains  contained  in  the  difierent 
strata;  in  other  words,  that  whole  groups  have 
been  swept  at  once  from  existence  by  some  pow- 
erful  catastrophe,  and    their  places   supplied   by 


the  direction  of  Infinite  Wisdom,  endowed  with 
faculties  and  natures  adapted  to  those  peculiar 
states  of  the  terraqueous  globe  in  whicJi  they 
were'  to  pass  their  existence. 


Such  are-  a  few  of  the  facts  connected  witli  the 
constitution  of  our  globe,  ana  tlia.  conclusions 
which  have  been  deduced  from  them.  It  now 
remains  that  we  inquire  into  their  accordance 
with  the  records  of  the  Sacred  history. 

It  has  been  too  frequently  taken  for  granted  by 
theologians  and  commentators,  that  the  whole 
system  of  the  material  universe  was  brouglit  into 
existence  within  the  piyiod  of  6000  years  from 
the  present  time;  and  fience,  some  of  them  who 
have  been  anxious  to  reconcile  the  Mosaic  and 
Geological  chronologies,  have  attempted  to  show 
that  all  the  formations  and  changes  in  the  strata 
of  the  earth,  to  which  we  have  alluded,  might 
have  been  effected  within  the  period  of  6000 
years,  and  particularly  during  the  continuance  of 
the  deluge  in  the  days  of  Nuah.  Some  of  them 
have  in;nnuated  that  the  coralline  reefs,  ■which 
exhibit  vast  accumulations  of  calcareous  matter, 
and  which  abound  on  the  coast  of  .New  Holland, 
and  among  tlie  islands  of  the  Pacific  ocean,  have 
been  all  formed  since  the  present  order  of  things 
commenced;  and  therefore  that  all  the  other  for- 
mations to  which  we  have  already  alluded,  evea 
the  oldest,  may  have  been  formed  within  the 
same  period.  It  has  also  been  insinuated,  that  it 
appears  derogatory  to  the  Wisdom  and  Power  of 
the  Creator  to  suppose,  that  for  thousands  of  years 
the  earth  should  iiave  been  occupied  merely  with 
vegetables  and  animals  of  the  lowest  orders,  and 
that  many  species  of  each  class  were  alternately 


created,  and  permitted  to  retire  out  of  existence. 
But  such  positions  are  now  considered  as  abso- 
other  races,  called  into  existence  by  the  creating  [  lutely  untenable   by  all    the   most   scientific  and 


energy  of  the  Almighty.  The  records  of  geology 
seem  to  testify  that  such  was  the  condition  of  the 
globe,  in  those  early  periods,  as  to  temperature 
and  other  circumstances,  tiiat  our  present  races 
of  animals  could  not  have  then  existed,  and  that 
such  was  the  nature  and  constitution  of  these 
primeval  beings,  that  they  could  not  exist  in  the 
present  constitution  and  circumstances  of  our 
globe;  their  natures  being  adapted  to  the  different 
conditions  of  the  earth,  at  different  periods  of  its 
existence.  * 

3.  A  third  conclusion  is,  that  the  successive 
chanqefi  to  which  our  globe  has  been  subjected,  have 
been  improvements  in  its  condition  as  a  habitable 
world,  that  there  has  been  a  correspondent  ad- 
vance toward  perfection  in  the  natures  of  the 
animals  and  jdants  wliicli  have  been  placed  upon 
its  surface;  and  i\\a.C  the  Deity,  during  this  long 
period  of  successive  changes,  ivas  gradually  fitting 
up  this  world  for  the  ultimate  residence  of  moral  and 
intellectual  beings,  such  as  the  human  species  that 


respectable  geologists  of  modern  times,  as  being 
inconsistent  vi'ith  facts  that  are  everyv.^here  per- 
ceptible in  tiie  strata  of  our  globe.  As  to  the 
designs  which  the  Almighty  had  in  view,  in  re- 
plenishing the  earth  for  so  long  a  period  of  time, 
chiefly  with  the  inferior  ranks  of  existence,  and 
again  permitting  them  to  perish,  it  becomes  ns  to 
speak  with  reverence  and  humility,  as  beings 
whose  faculties  are  limited,  and  altogether  inade- 
quate to  trace  the  inscrutable  paths  of  the  Divi- 
nity, or  to  investigate  the  reasons  of  every  part 
of  his  procedure.  We  cannot,  in  many  cases, 
decide  as  to  what  is  consistent  or  inconsistent 
with  the  attributes  of  the  Almighty;  and,  in  the 
present  case,  as  well  as  in  many  others,  we  must 
admit  that  the  operations  of  the  Deity  are  un- 
searchable, and  "  his  ways  past  finding  out." 
"  Canst  thou  by  searching  find  out  the  secrets  of 
God?  Canst  thou  find  out  the  designs  of  the 
Almighty  ?  they  are  as  high  as  the  heavens, 
deejier  thaii  hades;  the  measure  thereof  is  longer 


now  inhabit  it.  For  it  appears  next  to  certain  than  the  earth  and  broader  than  the  sea."  But 
that  the  race  of  man  could  not  have  inlvabited  this  we  know  that,  in  consequence  of  the  previotis 
this  globe  in  any  of  the  past  periods  of  its  revolutions  which  our  globe  has  undergone,  it 
duration,  prior  to  that  era  in  which  he  was  placed  was  prepared  for  being  a  suitable  habitation  for 
upon  it.  It  would  appear  that  the  Deity  did  not  ^  the  human  species,  and  for  the  other  ranks  of 
think  proper  to  prepare  a  suitable  habitation  for  animated  nature  that  now  possess  it;  and  although 
man  by  a  miracle,  or  a  direct  interposition  of  his  some  portions  of  it  present  the  appearance  of  de- 
Almigiity  energy,  but  by  the  agency  of  those  phy- I  solation  and  disarrangement,  yet  were  man  its 
eical  laws  which  he  had  impressed  upon  the  ele-  chief-  inhabitant,  renovated  in  the  spirit  of  his 
mentary  principles  of  the  material  universe.  And  mind,  and  found  acting  on  the  moral  piinciples 
In  order  that  matter  migiit  not  exist  in  vain,  my-  j  of  Christianity,  in   the  capacity  of  commnnitioa 


•  JBabbage's  Ninth  Bridgewater  Treatise. 


and  nations,  it  might  soon  be  cultivated  and  reno- 
I  vatod  throughcut  all  its  extent,  so  as  to  present 
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the  aspect  of  a  terrestrial  paradise,  and  to  shiiio 
I'orlli  with  all  the  beauties  of  Eden. 

Bi"t,  to  come  more  }>articulurly  to  the  subject 
in  hanvl.  Had  Moses,  in  his  liistory  of  the  Crea- 
tion, positively  declared  that  every  portion  of  the 
matL'.iul  world  was  created  out  of  noliiing,  within 
1650  years  of  the  period  of  the  deluge,  or  about 
6000  years  ago,  it  would  be  difficult,  if  not  impos- 
sible, 10  reconcile  the  facts  of  geolog-y  with  the 
Mosaic  history.  But  no  such  position  is  to  be 
found  eitiicr  ia  the  writings  of  Moses  or  through- 
out any  other  portion  of  sacred' Scripture.  For 
the  illustration  of  thi^  point,  it  may  be  proper  for 
a  little  to  consider  the  meaning  and  import  of 
the  1st  versr"  of  the  lirst  chapter  of  Genesis:  "//* 
the  b'^iiiinint/  God  created  the  heavens  and  the 
eartlty 

This  proposition  is  to  be  considered  as  a  Preface 
to  the  following  narrative  of  the  arrangements 
connect  '<1  with  our  terrestrial  system,  and,  indeed, 
to  the  v/hole  of  Divine  Revelation;  and  a  more 
comprehensive,  emphatic,  and  appropriate  intro- 
duction can  scarcely  be  conceived.  By  the  hea- 
vens and  the  earth,  we  are  here  undoubtedly^  to  un- 
derstand the  whole  frame  of  t!ie  material  universe, 
with  all  the  bodies  it  contains,  wherever  existing 
tlirougliout  immensity  —  whether  suns,  planets, 
come-ts,  nebula},  or  whatever  else  exists  tlirough- 
out  the  regions  of  boundless  space.  All  the  bodies 
comprehended  under  this  general  expression  are 
here  said  to  have  been  created,  that  is,  brought 
from  notliing  into  existence  by  the  energy  of  an 
Eternal  and  Omnipotent  agent.  The  original 
Hebrew  word,  Bara,  does  not  indeed  neces- 
sarily convey  this  idea,  as  it  most  frequently  sig- 
nifies "  to  produce  something  new  or  wonderful," 
or  "  to  arrange,  to  renovate,  or  new-model"  some- 
thing which  was  previously  in  existence.  It  is  a 
matter  of.  rational  inference,  however,  and  strictly 
accordant  with  just  philosophical  principles,  tiiat 
the  materia]  universe  was  created  out  of  notliing. 
It  is  sucii  an  inference  as  cannot  be  resisted  with- 
out doing  violence  to  the  fundamental  laws  of 
human  belief.  This  magnificent  frame  of  the 
universe  is  here  said  to  have  been  brouglit  into 
existence  by  God,  the  God  of  Israel,  the  Self-ex- 
istent and  Eternal  Jehovah.  This  declaration 
was  intended  to  teach  the  Israelites,  and  alf  others, 
that  the  material  world  as  to  its  original  atoms, 
did  not  arise  without  a  cause,  or  out  of  pre-existcnt 
materials;  that  the  beautiful  order  it  now  exhibits 
did  not  originate  from  the  fortuitous  concourse 
of  atoms,  as  some  heathen  philosophers  imagined, 
and  that  it  did  not  derive  its  existence  from  any 
of  the  gods  of  the  nations,  as  some  of  their  blinded 
worshipers  foolishly  imagined.  In  opposition  to 
ail  such  chimerical, absurd, and  atheistical  notions, 
Moses  declares,  "In  the  beginning  God" — the 
God  of  Israel — "  created  the  heavens  and  the 
earth."  As  if  he  had  said.  That  God  who  deliv- 
ered you  from  the  land  of  Egypt,  after  having 
(tisplayed  so  many  signs  and  wonders;  who  di- 
vided the  waters  of  the  Red  sea  before  ypu,  and 
w!io  appeared  in  awful  majesty  at  Mount  Sinai; 
that  God  v.'hom  you  are  commanded  to  worship, 
and  whose  laws  you  are  bound  to  obey — is  the 
Great  Being  who  reared  that  wonderful  fabric  of 
heaven  and  earth  which  your  eyes  behold. 

The  period  when  this  astonishing  effect  was 
produced  is  also  here  declared,  "In  the  beginning." 
Upon  a  proper  conception  of  the  meaning  of  this 
expression  depends,  in  a  great  measure,  the  recon- 
ciliation of  the  geological  and  the  Mosaic  chro- 
nology. The  phrase  here  stated,  "  In  the  begin- 
ning," is  used  to  denote  the  commencement  of  an 
eraj  or  of  a  series  of  successive  events.    It  evi- 


dently implies  that,  at  what  period  soever  in  the 
long  lapse  of  past  duration,  any  part  of  the  mate- 
rial creation  was  brought  into  existence,  it  derived 
that  existence  from  the  Self-existent  and  Eternal 
Divinity.  But  no  specific  period  is  here  stated. 
Mad  Moses  expressly  told  his  readers  that  this  pe- 
riod, when  the  first  materials  of  creation  were, 
brought  into  existence,  was  about  2500  years  from 
the  time  in  which  he  wrote,  then  there  would 
have  been  an  almost  insuperable  difficulty  in  re- 
conciling tiie  discoveries  of  geology  with  such  a 
statement.  But  no  such  assertion,  either  directly 
or  by  implication,  is  to  be  found  throughout  the 
whole  range  of  Divine  revelation.  Ten  thousands 
of  years,  or  even  millions  of  ages,  may  have 
elapsed  since  the  first  portions  of  matter  were 
created,  or  previous  to  what  is  ten-nied  the  first 
daj''s  work,  in  the  arrangements  of  our  globe, — 
for  anything  that  the  Scripture  asserts  to  the  con-  ■ 
trary.  No  limit  is  fixed  to  the  time  which  may 
have  elapsed  be'tween  the  period  when  the  compo- 
nent materials  of  our  globe  were  created,  and  tlie 
period  when  it  began  to  be  reduced  into  the  order 
in  wdiich  we  now  behold  it;  and  no  information 
is  given  as  to  the  events  which  may  have  occurred 
during  this  infen^al.  For  it  appears  to  have  been 
the  chief  design  of  the  Sacred  Historian  to  give  a 
narration  of  those  events  which  were  introductory 
to  the  placing  of  man  npon  the  earth.  And  in 
this  point  of  view  it  is  important  to  remark,  that 
the  passage  before  us  is  entirely  independent  of 
i  the  narrative  of  the  six  da)'s'  work  Avhich  follows, 
and  is  to  be  considered  simply  as  a  general  and 
most  important  truth,  forming  an  appro])iiate  in- 
troduction both  to  the  following  narrative  and  to 
tlie  whole  system  of  Revelation. 

It  is  therefore  to  be  regretted  that  certain  theo- 
logians should  still  persist  in  maintaining  that  the 
whole  material  creation  must  be  limited  to  a  pe- 
riod within  6000  years  from  this  date,  when  Scrip-- 
ture  is  silent  on  this  point;  for  in  so  doing  they 
put  an  argument  into  the  hands  of  the  philosophi- 
cal infidel,  which  it  is  in  his  power  to  wield  against 
the  truth  and  authority  of  Revelation. 

If  the  propriety  of  the  explanation  now  given 
be  admitted,  then  it  completely  removes  every  ob- 
jection against  the  Mosaic  recor  1,  derived  from 
the  supposed  antiquity  of  the  earth.  Although  it 
could  be  proved  that  some  of  the  strata  of  our 
globe  were  formed  millions  of  ages  ago;  although 
we  should  conceive  what  is  neither  impossible, 
nor  altogether  improbable — that  our  globe,  in  an- 
other form,  has  been  the  abode,  for  thousands  of 
ages,  of  intellectual  beings  analogous  to  man,  who 
are  now  transported  to  another  region  of  creation 
— or  that  it  has  been  the  habitation  of  numerous 
and  diversified  races  both  of  sentient  and  intel- 
lectual natures,  and  that  millions  of  millions  of 
ages  have  rolled  on  since  the  Creator  put  forth  his 
Omnipotent  energy,  and  since  such  stupendous 
revolutions  commenced — neither  of  such  views  is 
in  the  least  discordant  with  any  doctrine  or  fact 
recorded  in  the  sacred  oracles.  The  Psalmist  de- 
clares in  reference  to  creation,  when  addressing 
the  Almighty,  "Of  old  hast  thou  laid  the  founda- 
tions of  the  earth,  and  the  heavens  are  the  works 
of  thy  hands;"  and  the  Apostle  Paul  declares, 
"  Thou  Lord,  in  the  beginning,  hast  laid  the 
foundations  of  the  earth."  But  no  specific  period 
is  stated  here,  or  in  any  other  portion  of  Scrip- 
ture; and  the  expression  of  old  is  not  only  cor- 
respondent with  what  we  have  now  stated,  but 
seems  to  imply  the  idea  of  the  high  antiquity  of 
the  earth. 

The  circumstance  now  adverted  to — that  Moses 
specifies  no  definite  period  as  the  commencement 
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of  tlie  niateriiil  creation — I  considtT  as  a  corrobo- 
rative arguineut  for  the  truth  of  Divine  Revela- 
tioii.  Ha.l  iie  writti-'U  at  random,  or  from  vague 
tradition,  or  liad  he  iiiteiuied  merely  to  give  phiy 
to  an  exuberant  fancy,  in  descriijing  what  no  un- 
insj>ired  mortal  could  ever  have  known — it  is  not 
likely  lie  would  liave  used  language  so  cautious 
and  appropriate,  as  not  to  have  interfered  with 
any  sul)seqnent  discoveries  that  might  be  made  in 
the  constiuilioii  of  the  material  universe.  Among 
all  the  cosmogonies  which  have  been  composed  by 
heathen  writers,  either  from  tradition  or  from 
their  own  fancies,  there  is  not  one  which  accords 
with  tiie  discoveries  of  modern  times;  but,  on  the 
contrary,  they  all  contain  statements  in  direct 
opposition  to  facts  which  are  known  to  exist  in 
tlie  material  system.  But  the  inspired  writers 
were — perhaps  unconsciously  to  themselves — di- 
rected to  use  such  language  as,  when  rightly  in- 
terpreted, would  be  quite  consistent  with  all  the 
views  and  discoveries  that  might  be  opened  of  the 
works  of  God  to  the  latest  generations. 

It  has  been  supposed  by  some  who  cannot  be 
persuaded  to  admit  the  notion  of  the  high  anti- 
quity of  the  earth,  that  the  rocks,  with  all  the 
fossil  petrifactions  they  contain,  were  created  just 
as  we  find  them,  in  a  moment  of  time.  "The 
Divine  Being,"  they  affirm,  "might  as  easily  have 
made  matter  to  assume  the  form  of  a  shell,  a  fish, 
a  lizard,  or  a  water-worn  pebble,  such  as  we  find 
in  tiiese  rocks,  or  of  any  other  shape  or  structure." 
To  all  who  have  bestowed  the  least  attention  on 
the  stiMta  of  the  earth  and  their  fossil  remains, 
such  statements  and  ■  reasonings  must  appear 
foolish  and  absurd  in  the  highest  di^gree.  To  use 
the  words  of  Professor  Silliman:  "We  will  not 
inquire  whether  Almighty  Power  inserted  plants 
and  animals  in  mineral  masses,  and  was  thus 
exerted  in  working  a  long  series  of  useless  mira- 
cles without  design  or  end,  and  therefore  incredible. 
The  man  who  can  believe,  for  example,  that  the 
Iguanodon,  with  his  gigantic  form,  70  feet  in 
length,  10  in  height,  and  15  in  girth,  was  created 
in  the  mi  1st  of  consolidated  sandstone,  and  placed 
down  1000  or  1200  f-et  from  the  surface  of  the 
earth,  in  a  rock  composed  of  ruins  and  fragments, 
and  containing  vegetables,  shells,  fish,  and  rolled 
pebbles — such  a  man  can  believe  anything,  with 
or  without  evidence.  If  there  be  any  such  per- 
sons, we  must  leave  them  to  their  own  reflections, 
since  they  cannot  be  influenced  by  reason  and 
sound  argument ;  with  them  we  can  sustain  no 
discussion,  for  there  is  no  common  ground  on 
which  we  can  meet." 

But  why,  I  would  ask,  should  the  idea  of  the 
high  antiquity  of  the  earth  frighten  any  persons 
from  acquiescing  in  it,  when  it  is  not  in  the  least 
repugnant  to  the  declarations  of  Scripture?  So 
far  from  contracting  or  distorting  our  views  of 
the  Divine  perfections,  it  tends  to  expand  our 
conceptions  of  the  plans  and  operations  of  the 
Deity.  If  periods  of  duration  almost  too  great 
for  human  powers  to  estimate,  have  been  employed 
since  the  original  creation  of  our  globe,  to  bring 
it  to  its  present  state, — if  vast  successive  revolu- 
tions, at  different  eras,  have  taken  place  upon  its 
surface — if  the  waters  of  the  mighty  deep  have 
at  different  periods  overflowed  the  solid  land — if 
the  place  where  we  now  stand  was  once  a  portion 
of  the  bottom  of  the  ocean,  over  which  its  mighty 
billows  for  ages  had  rolled — if  subterraneous  fires 
have  at  different  periods  raised  up  from  the  bottom 
of  the  deep  those  huge  mountains  which  now  lift 
their  summits  to  the  clouds — if  lofty  mountains 
have  been  sunk  down  many  thousand  feet  below 
their  ancient  level,  so  as  to  form  deep  valleys  of 


the  bottom  of  the  seas — if  the  Almighty,  aftoi 
creating  the  matter  of  our  globe,  impressed  certain 
laws  upon  its  elementary  substances,  and  loft 
these  laws  to  operate  as  they  now  do,  with  only 
occasional  interferences — if  races  of  animated 
beings  have  occujiied  the  globe  for  myriads  of 
ages — if  new  races  have  been  created  at  ditferenl 
periods  and  subsequently  destroyed — or  if  numer- 
ous orders  of  intelligent  existence  may  hava 
occupied  the  surface  of  the  globe  ages  before  man 
was  introduced  to  this  terrestrial  scene — if  tre- 
mendous convulsions  have  shaken  the  firm  foun- 
dations of  the  earth — in  short,  if  by  all  tha 
processes  to  which  we  have  alluded,  our  globo 
was  gradually  prepared  for  the  purposes  it  now 
fulfills,  and  that  the  Creator  chose  to  employ  Ihesa 
rather  than  the  special  interposition  of  miraculous 
power — such  considerations  tend  to  exhibit  the 
power,  wisdom,  and  benevolence  of  the  Doit)',  in 
a  new  point  of  view,  and  to  enlarge  our  concep- 
tions of  the  magnificent  plans  of  him  who  is  "  The 
King  eternal,  immortal,  and  invisible,"  who  ia 
"  wonderful  in  counsel  and  excellent  in  working.'" 
We  are  here  shown  that  the  space  which  has 
intervened  between  the  present  time  and  the 
period  when  man  was  first  placed  upon  the  globo, 
is  but  one  of  the  units  of  a  vast  series  of  chrono- 
logical periods  which  have  gone  before,  and  vvhiclr 
stretch  backward  into  the  abyss  of  immeasurable 
duration.  It  is  but  a  single  link  of  the  great  chain 
which  stretches  from  the  moment  when  mattei 
first  arose  from  nothing,  to  diversify  the  wilds  of 
immensity,  down  to  the  hour  which  is  now  pas- 
sing  over  us.  And  who  knows  but  that  the  systent 
of  the  globe  with  which  we  are  presently  con- 
nected may  be  but  one  link  in  an  interminabl* 
series  of  events  connected  with  other  orders  of 
intelligences,  which  will  be  unfolded  during  th< 
revolutions  of  a  coming  eternity. 

The  science  of  astronomy  directs  our  views  to 
regions  of  space  which  are  immeasurable  by  mor- 
tals, and  perhaps  even  by  intelligences  of  a  higher 
order,  and  discloses  to  our  sight  ten  thousands 
and  millions  of  magnificent  orbs,  whose  existence 
was  not  even  suspected  200  years  ago.  Geology 
directs  our  views  to  a  stupendous  series  of  events 
stretching  back  to  the  ages  of  a  past  eternity. 
The  ona  conducts  our  vision  to  the  far  distani  re- 
gions of  immensity; — the  other  to  the  immeasura- 
ble periods  of  past  duration;  the  one  enlarges  our 
conceptions  of  space,  and  the  innumerable  objects 
with  which  it  is  diversified; — the  other  expands 
our  ideas  of  time,  and  the  revolutions  which  have 
marked  its  progress.  But  astronomy  has  done 
more  than  this.  Like  Geology,  it  extends  our 
views  to  periods  of  time  immensely  long  in  the 
flux  of  past  duration — periods  during  which  thou- 
sands of  the  luminaries  of  heaven  have  existed 
and  displayed  their  radiance.  Sir  W.  Herschel, 
in  his  remarks  on  the  Nebulce,  has  concluded,  from 
a  variety  of  ingenious  reasonings  and  observa- 
tions, that  these  nebute  which  assume  a  milki 
light  or  appearance,  cannot  be  less  than  about 
7000  times  the  distance  of  the  star  Sirius,  or  168 
thousand  billions  of  miles;  and  from  other  obser- 
vations, it  is  inferred  that  other  bodies  in  the  hea- 
vens are  removed  to  a  much  greater  distance. 
Now,  light,  notwithstanding  its  amazing  velocity 
of  192,000  miles  in  a  second,  would  be  nearly 
thirty  thousand  years  ere  it  could  fly  from  such 
a  nebulae  to  the  earth.  Stnce,  therefore,  it  is  a 
fact  that  the  light  of  such  bodies  has  actually  been 
seen,  and  consequently,  that  it  must  have  been 
traveling  at  least  many  thousands  of  years  before 
it  could  have  reached  the  eyes  of  any  of  the  in- 
habitants of  our  globe;  it  follows,  that  such  bodies 


GEOLOGY. 


77 


must  have  been  brought  into  existence  at  far  dis- 
tant periods  of  past  duration,  oihervvise  they  could 
not  liiiis  liave  darted  their  light  tlirough  such  vast 
spaces  of  imniensitj\ 

The  discoveries  of  modern  astronomy  likewise 
^sclose  to  us  certain  facts  whicli  lead  us  to  the 
conclusion,  that  certain  progressive  operations 
are  going  forward,  analogous  to  those  which  ap- 
]>ear  to  have  been  carried  forward  in  remote  ages, 
in  relation  to  our  globe. — Had  our  limits  permit- 
led,  we  might  have  shown  that  some  of  tlie  com- 
ets appear  to  be  in  an  early  stage  of  their  progress 
toward  becoming  habitable  worlds — that  many  of 
the  nebulaj  give  evidence  of  a  gradual  progression 
toward  condensation — that  the  appearance  of  new 
stars,  the  disappearance  of  others  which  had  long 
slione  in  tlie  heavens,  and  the  gradual  diniinution 
of  tlie  light  of  others — the  changes  which  appear 
to  he  occasionally  taking  place  on  the  surfaces  of 
(he  sun  and  the  planets,  along  with  other  ce- 
lestial phenomena — are  indications  that  progres- 
sion toward  perfection,  and  perpetual  change,  are 
not  peculiar  to  our  world,  but  are  principles  in  the 
Creator's  government  pervading  the  wide-extended 
universe. 

In  short,  progressive  improvement  toward  per- 
fection forms  a  characteristic  of  the  plans  of  the 
Almighty,  not  onJy  in  the  physical,  but  also  in  the 
moral  world.  In  the  first  instance,  after  the  flood, 
the  knowledge  of  the  true  God  was  cbi.  fly  con- 
fined to  the  family  of  Abraham;  afterward,  it 
was  disseminated  among  the  tribes  of  Israel,  but 
circumscribed  within  the  small  territory  of  Judea; 
in  process  of  time  it  was  partially  diffused  among 
the  surrounding  nations;  after  the  Christian  era 
it  spread  abroad  through  the  greaterpart  of  the  Ro- 
man Empire;  it  has  now  extended  its  influence 
over  most  of  the  European  nations,  and  over  a 
certain  portion  of  the  tribes  that  inhabit  Asia, 
Africa,  and  America.  It  is  still  in  progress;  and, 
on  tlie  foundation  of  tlie  declarations  of  inspired 
prophets,  we  now  look  forward  to  the  period  when 
"  the  glory  of  Jehovah  sliall  be  revealed,  and  when 
all  flesh  shall  see  it  together;"  when  "  all  the  ends 
of  the  world  shall  remember  and  turn  to  the 
Lord,"  and  "  when  righteousness  and  praise  shall 
spring  forth  before  all  nations."  And  the  scenes 
of  a  coming  eternity  will  doubtless  display  changes 
and  revolutions  far  surpassing  in  grandeur  al!  the 
events  which  have  happened  during  the  myriads 
of  ages  wiiich  have  already  passed,  and  which 
will  excite  tlie  astonishment  and  adoration  of  an 
admiring  universe. — Even  in  an  intellectual  and 
political  point  of  view,  the  nations  are  making 
progress  toward  perfection.  "Old  things  are 
passing  awaj',"  and  new  scenes  of  improvement 
are  gradually  unfolding.  The  state  of  society,  in 
tlie  island  in  which  we  dwell,  2000  years  ago,  pre- 
sents nearly  as  great  a  contrast  to  what  is  now, 
as  the  chaotic  state  of  our  globe  exhibited  before 
it  was  reduced  to  the  beauty  and  order  in  which 
we  now  behold  it. — In  short,  everything  we  con- 
template in  the  scene  around  us  is  progressive; 
the  faculties  of  the  human  mind,  and  the  corpo- 
real powers  from  infancy  to  manhood — the  growth 
of  all  the  animal  and  vegetable  races — the  im- 
provements of  art,  and  the  discoveries  of  science 
^-education,  civilization,  and  political  economy 
— the  cultivation  of  the  earth,  the  mode  of  travel- 
ing by  sea  and  land,  and  hundreds  of  other  objects 
and  movements  demonstrate  that  prof/ression  is  a 
law  which  pervades  both  the  intellectual  and  the 
corporeal  universe; — and,  in  the  future  world,  the 
expansion  of  the  human  faculties,  and  the  pro- 
gress of  the  mind  from  one  scene  of  material  and 
intellectual  grandeur  to  another,  will  form  one 


portion  of  the  happiness  of  renovated  spirits:  and 
as  such  a  progression  will  never  cease,  their  feli- 
city will  be  of  perpetual  duration;  for,  if  a  finite 
spirit  were  to  stop  short  in  its  excursions,  or  to 
arrive  at  a  boundary  where  it  could  proceed  no 
farther — from  that  moment  its  happiness  would 
begin  to  diniinish,  and  misery,  to  a  certain  es 
tent,  would  infallibly  ensue. 

I  have  only  to  add,  that  whatever  niaj'  be  af- 
firmed respecting  the  antiquity  of  the  materials 
of  which  the  earth  is  composed,  it  is  admitted 
by  every  Geologist,  that  our  globe,  as  to  its  pre- 
sent state  and  arrangement,  has  been  comparative- 
ly of  short  duration.  All  the  physical  monu- 
ments which  exist,  and  the  progressive  changes 
which  have  happened  in  the  strata  of  the  earth,  as 
well  as  historical  monuments,  and  the  concurrent 
tradition  of  many  nations,  bear  witness  to  this 
truth,  that  the  first  appearance  of  man  upon  the 
face  of  the  globe  cannot  be  referred  to  a  period 
farther  back  than  five  or  six  thousand  years  from 
tlie  present  time. 

Had  the  limits  assigned  to  the  present  article 
permitted,  I  might  have  introduced  some  remarks 
on  the  2d  verse  of  the  1st  chapter  of  Genesis, 
"  The  earth  was  without  form  and  void,"  etc.,  or 
as  it  has  sometimes  been  translated — "Afterward 
the  earth  became  waste  and  desolate" — wliich  ex- 
pressions evidently  imply  that,  at  the  period  here 
alluded  to,  the  substance  or  materials  of  the 
globe  did  exist;  for  we  are  told  that  the  earth 
"  ii-a;?,"  or  '^  had  bccumr,''''  desolate  or  waste,  pre- 
vious to  the  arrangements  which  are  subsequently 
described. 

How  long  it  had  continued  in  this  state,  or  in 
any  of  its  pi-evious  states — whether  a  year,  a  cen- 
tury, or  thousands  of  years,  we  are  not  informed, 
nor  is  there  any  expression  in  scrij)ture  which  de- 
termines this,  so  that  we  are  left  at  full  liberty  to 
carry  our  views  on  this  point  as  far  back  into  the 
ages  of  past  duration  as  the  facts  connected  with 
the  structure  of  our  globe  may  warrant,  witliout 
controverting  any  position  contained  in  the  riacred 
Oracles. — I  might  likewise  have  shown  that  the 
sun  and  stars  must  have  been  brought  into  exis- 
tence before  the  period  called  the  "fourth  day," 
at  which  time  they  were  appointed  "to  rule  the 
day,  and  to  be  for  signs  and  seasons,  and  for  days 
and  years" — and  that  the  Creator,  either  through 
the  medium  of  physical  causes,  or  by  a  direct  in- 
terposition of  his  power,  produced  the  effects  de- 
scribed in  the  Sacred  Narrative — such  as  the  sepa- 
ration of  the  ocean  from  the  dry  land — in  the 
periods  of  time  there  specified.  But  the  proof 
and  illustration  of  such  positions  would  occupy 
too  much  space  in  the  present  work.* 

On  the  whole,  the  subject  of  Geology  forms  an 
interesting  and  instructive  study  both  to  the  phi- 
losopher and  to  the  Christian.  When  we  take  a 
survey  of  the  august  objects  which  diversify  the 
surface  of  our  globe;  when  we  enter  the  wild  and 
romantic  scene  of  a  mountainous  country,  or  de- 
scend into  the  subterraneous  regions  of  the  globe, 
we  are  everywhere  struck  with  the  vestiges  of 
operations  carried  on  by  the  powers  of  Nature, 
upon  a  scale  of  prodigious  magnitude,  and  with 
the  exertion  of  forces,  the  stupendous  nature  of 
which  astonishes  and  overpowers  the  mind?  We 
seem  as  if  standing  on  the  ruins,  and  contempla- 
ting the  vestiges  of  a  former  world.     We  behold 


*  For  a  further  illustration  of  some  of  these  topics,  the 
author  respectfully  refers  the  reader  to  a  Lecture,  lately  pub- 
lished, entitled  "  Discoveries  of  Modern  Geology  not  incon- 
sistent with  Revelation" — being  the  6th  of  a  series  of  Lec- 
tures to  Young  I\Ien,  delivered  in  Broughton  Place  Church, 
Edinburgh,  in  March,  1842. 
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"hills"  which  "have  melted  like  wax  at  the  pre- 
sence of  the  Lord,"  and  "luouiitaiiis"  which 
"have  been  carried  into  the  midst  of  the  sea." 
We  behold  rocks  of  enormous  size,  which  have 
been  rent  from  their  foundiitions,  and  rolled  from 
one  continent  to  anotlier — the  most  solid  strata  of 
the  earth  bent  under  the  action  of  some  tremen- 
dous power,  and  dispersed  in  fragments  through- 
out the  surrounding  regions.  We  behold  the 
summits  of  lofty  mountains,  over  which  the 
ocean  had  rolled  its  might}'  billows — confounding 
lands  and  seas  in  one  universal  ilevaslation  — 
t«nsporting  plants  and  forests  from  one  quarter 
of  the  world  to  anotlier,  and  spreading  universal 
destruction  among  the  inhabitants  of  the  waters 
and  the  earth.  Contemplating  such  scenes  of 
grandeur,  we  perceive  the  force  and  sublimity  of 
those  descriptions  of  the  Deity  contained  in  the 
volume  of  inspiration.  "  The  Lord  reigneth;  he 
is  clothed  v.ith  majesty;  in  his'hand  are  the  deep 
places  of  the  earth,  the  strength  of  hills  is  his 
also.  He  removeth  the  mountains  and  they  know 
not;  he  overturneth  them  in  his  anger;  he  shaketh 
the  earth  out  of  her  place,  and  the  pillars  thereof 
tremble.  At  his  presence  the  earth  shook  and 
trembled;  the  foundations  also  of  the  hills  moved 
and  were  sliaken.  He  covereth  the  earth  with 
the  deep  as  with  a  garment,  the  waters  stood 
above  the  mountains.  At  his  rebuke  they  fled; 
at  the  voice  of  his  thunders  they  hastened  away." 
But,  amidst  all  tb.e  revolutions  and  catastrophes 
that  have  taken  place  in  the  constitution  of  our 
globe,  there  is  the  clearest  evidence  of  an  All- 
wise  and  superintending  Providence  directing 
every  event.  Amidst  the  convulsions  which  have 
rent  its  strata — that  have  "  carried  hills  into  the 
midst  of  the  seas" — and  raised  mountains  from 
the  bottom  of  the  ocean — these  are  striking  indi- 
cations of  Divine  Benevolence  in  preparing  our 
woild  for  the  comfort  and  accommoflations 
Hs  inhabitants  now  enjo3\  The  facts  disclosed  by 
geological  investigation  tend  to  enlarge  our  con- 
viepticns  of  the  attributtis  of  the  Divinity,  and  of 
the  sublimity  of  his  plans  and  arrangements  in 
the  universe;  and  to  demonstrate  that  his  crea- 
ting power  has  been  repeatedly  exercised  during 
countless  ages,  in  calling  into  existence  numerous 
orders  of  beings,  and  in  carrying  forward  his 
arrangements  to  a  glorious  consummation 
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Another  science  which  stands  in  an  intimate 
reI:.tion  to  religion,  is  Astronomy. 

This  sublime  science  teaches  us  the  magnitudes 
and  distauc'-s  of  the  heavenly  bodies,  tiieir  ar- 
rangement, their  various  motions  and  phenomena, 
and.  the  laws  by  which  their  movem.ents  are  regu- 
lated. It  presents  to  our  view  objects  the  most 
wonderful  and  sublime;  whether  we  consider  the 
cast  ma jnititde  of  the  bodies  about  which  it  is 
tionversant— ;-their  immense  ■numhur — the  velocity 
of  their  motions — the  a. itums]dn(/  forces  requWUe 
to  impel  thein  in  their  rapid  career  through  the 
regions  of  the  sky — the  vast  spaces  which  sur- 
round them,  and  in  which  they  perform  their 
revolutions — the  maqvificent  circles  they  describe 
— the  splendor  of  their  appearance — or  the  impor- 
tant ends  they  are  destined  to  serve  in  the  grand 
system  of  the  universe.  Having  adverted  to  this 
subject,  when  illustrating  the  Omnipotence  of  the 
Deity,  I  shall  here  simply  state  a  few  additional 
facts  with  respect  to  the  general  appearance  of 
the  heavens,  the  bodies  which  compose  the  plane- 
tary system,  and  the  discoveries  which  have  been 
made  in  the  region  of  the  stars. 


ceive  an  apparent  hollow  hemisphere,  placed  a* 
an  indefinite  distance,  and  surrounding  the  earth 
on  every  hand.  In  the  day-time,  the  principal 
object  which  appears  in  tliis  hemisphere  is  the 
sun.  In  the  morning,  we  see  him  rise  above  the 
distant  mountains,  or  from  the  extremity  of  the 
ocean:  he  gradually  ascends  the  vault  of  heaven, 
and  then  declines  and  disappears  in  the  opposite 
quarter  of  the  sky.  In  the  nortliern  parts  of  the 
globe,  where  we  reside,  if,  about  the  21st  of 
March,  we  place  oursfdves  on  an  open  plain,  with 
our  face  toward  the  south,  the  sun  will  appear  to 
rise  on  our  left,  or  due  east,  about  six  in  the 
morning,  and  about  the  same  hour  in  the  evening 
he  will  set  due  west.  In  the  month  of  June,  he 
rises  to  our  left,  but  somewhat  bidnnd  us",  in  a 
direction  toward  the  nortii-east,  ascends  to  a 
greater  hight  at  noon  than  in  the  month  of 
March,  and,  after  describing  a  large  arc  of  the 
heavens,  sets  on  our  right  and  still  behind  us,  in 
the  north-western  quarter  of  the  sky.  In  the 
month  of  December,  if  we  stand  in  the  same  po- 
sition, we  may  observe,  without  turning  our- 
selves, both  his  rising  and  setting.  He  rises  in 
the  south-east,  ascends  to  a  small  elevation  at 
noon,  and  sets  in  the  south-west,  after  having  de- 
scribed a  very  small  arc  of  the  heavens.  Every 
day  he  appears  to  nrove  a  little  toward  the  east, 
or  contrary  to  his  apparent  diurnal  motion;  for 
the  stars  which  are  seen  to  the  eastward  of  him, 
appear  every  succeeding  day  to  make  a  nearer 
approach  to  the  place  in  which  he  is  seen.  All 
the  variety  of  these  successive  changes  is  ac- 
complished within  the  period  of  .3G5  days  6  hours, 
in  which  time  he  appears  to  have  made  a  com- 
plete revolution  around  the  heavens  from  west  to 
east. 

The  moon  is  the  next  object  in  the  heavens 
which  naturally  attracts  our  attention;  and  she  is 
found  to  go  through  similar  variations  in  the 
course  of  a  month.  When  she  first  becomes  visi- 
ble at  new  moon,  she  appears  in  the  western  part 
of  the  heavens,  in  the  form  of  a  crescent,  not  far 
from  t!ie  setting  smi.  Every  night  she  increases 
in  size,  and  removes  to  a  greater  distance  from  the 
sun,  until  at  last  she  appears  in  tlie.eastern  part 
of  the  hori7,on,  just  as  the  sun  disappears  in  the 
western;  at  which  time  she  presents  a  round  full- 
enlightened  face.  After  this  she  gradually  moves 
farther  and  farther  eastward,  and  her  enlightened 
part  gradually  decreases,  until  at  last  she  seems  to 
approach  the  sun  as  nearly  in  the  east  as  she  did 
in  the  west,  and  rises  only  a  little  before  him  in 
the  morning,  in  the  form  of  a  crescent.  All 
these  difierent  changes  maj'  be  traced,  by  attend- 
ing to  her  apparent  positicns,  from  time  to  time, 
with  respect  to  the  fixed  stars. 

A  dark  shadow  is  occasionally  seen  to  move 
across  the  fiice  of  the  moon,  which  obscures  her 
light,  and  gives  her  the  appearance  of  tarnished 
copper.  Sometimes  this  shadow  covers  only  a 
small  portion  of  her  surface;  at  other  times  it 
covers  the  whole  of  her  disc  for  an  hour  or  two, 
and  its  margin  always  appears  of  the  figure  of  a 
segment  of  a  circle.  This  phenomenon,  which 
happens,  at  an  average,  about  twice  every  year, 
is  termed  an  eclipse  of  the  moon.  It  is  produced 
by  the  shadow  of  the  earth  falling  upon  the 
moon,  when  the  sun,  the  earth,  and  the  moon  are 
nearly  in  a  straight  line;  and  can  happen  only  at 
the  time  of  full  moon.  Sometimes  the  moon  ap- 
pears to  pass  across  the  body  of  the  sun;  when 
her  dark  side  is  turned  toward  the  earth,  covering 
his  disc  either  in  whole  or  in  part,  and  intercept- 
ing his  rays  from  a  certain  portion  of  the  earth. 


When  we  lift  our  eyes  toward  the  sky,  we  per- 1  This  is  called  an  eclipse  of  the  sun,  ana  can  hap- 
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pen  only  at  the  time  of  new  moon.  In  a  total 
eclipse  of  the  sun,  wliicli  seldom  happens,  tlie 
darkness  is  so  striking,  that  some  of  the  planets 
and  sometimes  the  larger  stars  are  seen,  and  the 
inferior  animals  appear  struck  with  terror. 

Again,  if  on  a  winter's  evening,  about  six 
o'clock,  we  direct  our  view  to  the  eastern  quarter 
of  the  sky,  we  sliall  perceive  certain  stars  just 
r!seu  above  the  horizon;  if  we  view  the  same  stars 
about  midnight,  we  shall  find  them  at  a  conside- 
rable elevation  in  the  south,  having  apparently 
moved  over  a  space  equal  to  one-half  of  the  whole 
hemisphere.  On  the  next  morning,  about  six 
o'clock,  the  same  stars  will  be  seen  setting  in  the 
western  part  of  the  sky.  If  we  turn  our  eyes 
toward  the  north,  we  shall  perceive  a  similar  mo- 
lion  in  these  twinkling  orbs;  but  with  this  diffe- 
rence, that  a  very  considerable  number  of  them 
neither  rise  nor  set,  but  seein  to  move  round  an 
immovable  point,  called  tlie  north  pole.  Near 
this  point  is  placed  the  pole  star,  which  seems  to 
have  little  or  no  apparent  motion,  and  which,  in 


our  latitude,  appears  elevated  a  little  more  than 
half  way  between  the  northern  part  of  our  hori« 
zon  and  the  zenith,  or  point  above  our  heads. 

The  following  cut,  which  represents  the  princi- 
pal stars  in  the  constellations  Ursa  Major  and 
Ursa  Minor,  will  enable  the  reader  to  recognize 
the  Pole  star,  by  attending  to  the  following  direc- 
tions. The  seven  stars  in  the  lower  part  of  the 
figure  represent  Ursa  Major,  or  the  Great  Bear, 
sometimes  known  by  the  names  of  the  Plow  and 
Charles's  Wain.  The  stars  on  the  upper  part  re- 
present Ursa  Minor,  or  the  Little  Bear,  the  largest 
star  of  which,  on  tne  right  hand  side,  is  the  Pola 
star.  About  the  beginning  of  November,  at  6  or 
7  o'clock  in  the  evening,  the  Great  Bear  will  ap- 
pear near  the  north,  at  a  low  elevation  above  the 
horizon,  and  nearly  in  the  position  here  repre- 
sented. The  two  stars  on  the  right  hand  side  of 
the  Great  Bear  are  called  the  Pointers,  and  aro 
distant  from  each  other  about  5  degrees.  If  a 
line  connecting  these  stars  be  considered  as  pro- 
longed upward  to  a  considerable  distance  (about 
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29  degrees),  until  it  meet  the  first  bright  star,  that 
star  is  the  Pole  star,  which  is  here  represented  at 
the  higher  part  of  the  figure.  Were  the  same 
observation  made  about  the  middle  of  April,  at 
10  o'clock  in  the  evening,  the  Great  B;ar  will  ap- 
pear almost  direct!}'  over  our  heads,  ahnre  t!ie  Pple 
star,  and  then  we  must  conceive  tlie  line  connect- 
ing llic  two  Pointers  as  drawn  don-nicard  toward 
the  Pole  star.  At  different  times  of  the  night, 
and  at  ditferent  periods  of  the  year,  the  Gre-it 
Bear  will  appear  to  be  in  different  positions  with 
respect  to  the  Pole  star,  sometimes  below,  some- 
times above,  and  at  other  times  to  the  east  or  the 
west  of  it.  But  in  all  positions,  a  line  drawn 
through  the  Pointers  will  always  direct  the  eye  to 
the. Pole  star. 

A  person  who  has  directed  his  attention  to  the 
heavens  for  the  first  time,  after  having  made  such 
observations,  will  naturally  imjuire  —  Whence 
come  those  stars  which  begin  to  appear  in  the 
e.ist?  Whither  have  those  gone  which  have  dis- 
sppeared  in  the  west?  and.  What  becomes,  du- 
ring the  day,  of  the  stars  which  are  seen  in  the 
night? — It  will  soon  occur  to  a  rational  observer, 
who  is  convinced  of  the  roundness  of  the  earth, 
that  the  stars  which  rise  above  the  eastern  hori- 
lon  come  from  another  lieraisphere.  which  we  are 
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apt  to  imagine  below  us,  and  when  they  set,  re- 
turn to  that  hemisphere  again;  and  that  the  rea- 
son why  the  stars  are  not  seen  in  the  day-time,  is 
not  because  they  are  absent  from  our  hemisphere, 
or  have  ceased  to  shine,  but  because  their  light  is 
obscured  by  the  more  vivid  splendor  of  the  sun.* 


*  This  ispnt  beyond  all  doubt  by  the  invention  of  the  tele- 
scope; by  viiiuh  instrument,  adapted  to  an  equatorial  mo- 
tion, we  are  enabled  to  see  many  of  the  stars  even  at  noon- 
day. The  author  of  this  work,  in  18t2  and  181.1,  made  a 
number  of  observations  by  means  of  an  Equatorial  Tele- 
scope,  to  determine  the  following  particulars: — What  star« 
and  planets  maybe  conveniently  seen  in  the  day-time,  when 
the  sun  is  above  the  horizon? — what  degrees  of  magnifying 
power  are  requisite  for  distinguishing  them? — how  near  their 
conjunction  with  the  sun  they  may  be  seen? — and,  whether 
the  diniinntion  of  the  aperture  of  the  telescope,  or  the  in- 
crease of  iiia^rnCvin"  power,  conduces  most  to  render  a  star 
or  planet  visible  in  day-light?  The  results  of  several  hun- 
dreds of  observations  on  these  points,  accompanied  with 
some  orijinal  deductions  and  remarks,  are  inserted  in  Nich 
Olson's  I'liiloiopbical  Journal,  for  October  18];^,  vol.  xxxvl, 
pp.  J09-128.  The  following  are  some  of  the  results  which 
were  deduced  from  tlie  observations: — That  a  star  of  tlie./?rsf 
magnitude  niav  be  distinguished,  at  any  time  of  the  day, 
with  a  magnifying  power  of  30  times,  but  that  ahiffher  mag- 
nifying power  is  preferable — That  most  of  the  stars  of  the 
second  magnitude  may  be  =een  with  a  power  of  ]00;  and 
with  a  power  of  GO  times,  when  the  sun  is  not  much  more 
than  two  hours  above  the  hor^aoc — That  the  planet  Jupiter, 
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From  suca  ooservations  wo  are  led  to  conclude, 
that  the  globe  on  which  we  tread  is  suspended  in 
empty  space — is  surrounded  on  all  sides  by  the 
celestial  vault — and  that  the  whole  sphere  of  the 
heavens  has  an  apparent  motion  round  the  earth 
every  twenty-four  hours.  Whether  this  motion 
be  real,  or  only  apparent,  must  be  determined  by 
other  considerations. 

Such  general  views  of  the  nocturnal  heavens, 
which  every  common  observer  may  lake,  have  a 
tendency  to  expand  the  mind,  and  to  elevate  it  to 
the  contemplation  of  an  Invisible  Power,  by  which 
such  mighty  movements  are  conducted.  Whether 
we  consider  the  vast  concave,  with  all  its  radiant 
orbs,  moving  in  majestic  grandeur  around  our 
globe,  or  the  earth  itself  whirling  round  its  inhab- 
itants in  an  opposite  direction — an  idea  of  sub- 
limity, and  of  almighty  energy,  irresistibly  forces 
itself  upon  the  mind,  which  throws  completely 
into  the  shade  the  mightiest  efforts  of  human 
power.  Tlie  most  powerful  mechanical  engines 
that  were  ever  constructed  by  the  agency  of  man 
can  scarcely  afford  us  the  least  assistance  in  form- 
ing a  conception  of  that  incomprehensible  Power, 
which,  with  unceasing  energy,  communicates  mo- 
tion to  revolving  worlds.  And  yet,  such  is  the 
apathy  with  which  the  heavens  are  viewed  by  the 
greater  part  of  mankind,  that  there  are  tliousands 
who  have  occasionally  gazed  at  the  stars  for  the 
space  of  fifty  years,  who  are  still  ignorant  of  the 
fact,  that  they  perform  an  apparent  diurnal  revo- 
lution round  our  globe. 

Again,  if  we  contemplate  thfe  heavens  with 
some  attention,  for  a  number  of  successive  nights, 
we  shall  find,  that  by  far  the  greater  part  of  the 
stars  never  vary  their  positions  with  respect  to 
each  other.  If  we  obsei-ve  two  stars  at  a  certain 
apparent  distance  from  each  other,  either  north  or 
south,  or  in  any  other  direction,  they  will  appear 
at  the  same  distance,  and  in  the  same  relative  po- 
sition to  each  other,  the  next  evening,  the  next 
month,  and  tlie  next  year.  The  stars,  for  in- 
stance, which  form  the  sword  and  belt  of  Orion, 
present  to  our  eye  the  same  figure  and  relative  as- 
pect, during  the  whole  period  they  are  visible  in 
winter,  atid  from  one  year  to  another;  and  the 
same  is  the  case  with  all  the  fixed  stars  in  the 
firmament.  On  examining  the  sky  a  little  more 
minutely,  however,  we  perceive  certain  bodies 
which  regularly  shift  their  positions.     Sometimes 


when  not  within  30  or  4(i  degrees  of  the  sun,  may  be  seen 
with  a  power  of  15  times;  and  that  Venus  may,  in  most  in- 
stances, be  seen  with  a  power  of  from  7  to  300  times,  and 
upward — That  Jupiter  can  scarcely  be  distinguished  in  the 
day-time,  when  within  2G  degrees  of  the  sun;  but  that  Ve- 
nus may  be  distinctly  perceived  near  her  superior  conjunc- 
tion, when  only  1  dec;ree  and  27  minutes  from  the  sun's  mar- 
gin: and  consequently  may  be  visible  at  the  time  of  that 
conjunction,  when  her  geocentric  latitude  equals  or  exceeds 
1  degree  43  minutes — That  she  may  be  perceived  like  a  tine 
slender  crescent,  withiu  35  hours  after  passing  her  inferior 
conjnnction,  etc.  One  practical  purpose  to  which  such  ob- 
servations on  Venus,  at  the  time  of  her  s«pi?rJor  conjunction, 
may  be  applied,  is  to  determine  the  ditference  (if  any)  be- 
tween her  polar  and  equatorial  diameters.  For  it  is  only  at 
that  conjunction  that  she  presents  to  the  earth  a  full  enlight- 
ened hemisphere;  and  in  no  other  position  can  the  measure 
of  both  diameters  be  taken,  except  when  she  makes  atraruiit 
across  the  sun's  disc.  As  the  earth,  Mars,  Jupiter,  and  Sa. 
torn,  are  found  to  be  spheroids,  it  is  highly  probable  that  Ve- 
aus  is  of  a  similar  figure;  but  this  point  has  never  yet  been 
ascertained  by  actual  observation.  See  also  the  Edinburgh 
Philosophical  Journal,  No.  V;  for  July  1820,  p.  191;  and  No. 
XIII,  for  July  1822— The  Scots'  Magazine,  for  Feb.  1814, 
p.  84— Monthly  Magazine,  Feb.  1814,  and  August  1820,  p. 
62 — Brewster's  Ferguson's  Astronomy,  2d  edition,  vol.  ii, 
p.  111. — On  March  JO,  1842,  the  author  saw  Venus  about  ]2 
O'clock  noon,  when  only  1^  21'  distant  from  the  sun's  eastern 
limb,  vvith  a  3>^  feet  achromatic  telescope,  magnifjing  95 
times— the  aperture  of  the  object  glass  being  constructed  to 
1  ^  inches. 


they  appear  to  move  toward  the  east,  sometimes 
toward  tlie  west,  and  at  otiier  times  seem  to  re- 
main in  a  stationary  position.  These  bodies  have 
obtained  the  name  of  planets,  or  wandering  stars; 
and  in  our  latitude  are  most  frequently  see.n, 
either  in  the  eastern  and  western,  or  in  the  south- 
ern parts  of  the  heavens.  Ten  of  these  planetary 
orbs  have  been  discovered:  six  of  wliich  are,  lor 
the  most  part,  invisible  to  the  naked  eye.  By  a 
careful  examinalion  of  the  motions  of  these  bo» 
dies,  and  tlieir  difFi-'rent  aspects,  astronomers  have 
determined  that  they  all  move  round  the  sun  as 
the  center  of  their  motions,  and  form,  along  v.ith 
the  earth  and  several  smaller  globes,  one  grand 
and  harmonious  system.  This  assemblage  of 
planetary  bodies,  is  generally  termed  the  Solar 
system,  of  which  I  shall  now  exhibit  a  brief 
outline. 

THE    SOLAR   SYSTEM. 

Of  this  system,  the  Sun  is  the  center  and  the 
animating  principle,  and  by  far  the  largest  body 
that  exists  within  its  limits.  The  first  thing  that 
strikes  the  mind  when  contemplating  this  glorious 
orb,  is  its  astonishing  magnitude.  This  vast  globe 
is  found  to  be  about  880,000  miles  in  diameter, 
and  consequently  contains  a  mass  of  matter  equal 
to  thirteen  hundred  thousand  globes  of  the  size  of 
the  earth.  Were  its  central  parts  placed  adjacent 
to  the  surface  of  the  earth,  its  circumference 
would  reach  two  hundred  thousand  miles  beyond 
the  moon's  orlit,  on  every  side,  filling  a  cubical 
space  of  356,818,7:^9,200,000,000  miles.  If  it 
would  require  18,000  years  to  traverse  every 
square  mile  on  the  earth's  surface,  at  the  rate  oi 
30  miles  a-day,*  it  would  require  more  than  tijm 
hundred  millions  of  years  to  pass  over  every  por- 
tion of  the  sun's  surface,  at  the  same  rate.  Evea 
at  the  rate  of  90  miles  a-day,  it  would  require 
more  than  SO  years  to  go  round  its  circumference. 
Of  a  body  so  vast  in  its  dimensions,  the  human 
mind,  with  all  its  efforts,  can  form  no  adequate 
conception.  It  appears  an  extensive  universe  in 
itself;  and  although  no  other  body  existed  within 
the  range  of  infinite  space,  this  globe  alone  would 
afford  a  powerful  demonstration  of  the  Omnipo- 
tence of  the  Creator.  Were  the  sun  a  hollow 
sphere,  surrounded  by  an  external  shell  and  a  lu- 
minous atmosphere;  were  this  shell  perforated 
with  several  hundreds  of  openings  into  the  inter- 
nal parts;  were  a  globe  as  large  as  the  earth  placed 
at  its  center,  and  another  globe  as  large  as  the 
moon,  and  at  the  same  distance  from  the  center 
as  the  moon  is  from  us,  to  revolve  round  the  cen- 
tral globe, — it  would  present  to  the  view  a  uni- 
verse as  splendid  and  glorioifs  as  that  which  now 
appears  to  the  vulgar  eye — a  universe  as  large  and 
extensive  as  the  whole  creation  was  conceived  to 
be  by  our  ancestors,  in  the  infancy  of  astronomy. 
And  who  can  tell,  but  that  the  Almight)'^  Being, 
who  has  not  left  a  drop  of  water  in  a  stagnant  pool 
without  its  inhabitants,  has  arranged  a  nimibcr  of 
worlds  within  the  capacious  circuit  of  the  sun,  and 
peopled  them  with  intelligent  beings  in  the  first 
stages  of  their  existence,  to  remain  there  for  a 
certain  period,  until  they  be  prepared  for  being 
transported  to  a  more  expansive  sphere  of  ex:sl- 
ence?  It  is  easy  to  conceive  that  enjoyments  a? 
exquisite,  and  a  range  of  thought  as  ample,,  af 
have  ever  yet  been  experienced  by  the  majority  of 
the  inhabitants  of  our  world,  might  be  afforded  H 
myriads  of  beings  thus  placed  at  the  center  of 
this  magnificent  luminary.     This  supposition  ii 


•  See  p.  18. 
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at  least  as  probable  as  that  of  the  celebrated  Sir 
W.  Herschel,  who  supposed  that  the  exterior  sur- 
face of  the  Sim  was  peopled  with  inhabitants.  T'or 
if  tills  were  the  case,  the  range  of  view  of  these 
inhabitants  would  be  confined  within  tlie  limits  of 
two  or  tiiree  luindred  miles,  and  no  celestial  body, 
but  an  immense  blaze  of  light  would  be  visible 
in  their  hemisphere.  Such  is  the  variety  which 
appears  among  the  works  of  God,  and  such  is  the 
diversity  of  situations  in  which  sensitive  beings 
are  placed,  that  we  dare  not  pronounce  it  impossi- 
ble that  both  these  suppositions  may  be  realized. 

Though  the  sun  seems  to  perform  a  daily  cir- 
cuit around  our  globe,  he  may  be  said,  in  this  re- 
spect, to  be  fixed  and  immovable.  This  motion 
is  not  ital,  but  only  apparent,  and  is  owing  to  the 
globe  on  which  we  are  placed  moving  round  its 
axis  from  west  to  east;  just  as  the  objects  on  the 
bank  of  a  river  seem  to  move  in  a  contrary  direc- 
tion, when  we  are  sailing  along  its  stream  in  a 
steamboat.  The  only  motion  which  is  found  to 
exist  in  the  sun  is  a  motion  of  rotation,  like  that  of 
a  globe  or  ball  twirled  round  a  pivot  or  axis,  which 
is  performed  in  the  space  of  twenty-five  days  and 
ton  hours.  This  motion  has  been  ascertained  by 
means  of  a  variety  of  dark  spots  which  are  dis- 
covered by  the  telescope  on  the  sun's  disc;  which 
first  appear  on  his  eastern  limb,  and  after  a  period 
of  about  thirteen  days,  disappear  on  his  western, 
and  after  a  similar  period  reappear  on  his  eastern 
edge.  These  spots  are  various,  both  in  number, 
ill  magnitude,  and  in  shape:  sometimes  forty  or 
fifty,  and  sometimes  only  one  or  two,  are  visible, 
and  at  other  times  the  sun  appears  entirely  with- 
o;it  spots.  Most  of  them  have  a  very  dark  nu- 
cleus, or  central  part,  surrounded  by  an  umbra,  or 
fainter  shade.  Some  of  the  spots  are  as  large  as 
would  cover  the  whole  continent  of  Europe,  Asia, 
and  Africa,  others  have  been  observed  of  the  size 
of  the  whole  surface  of  the  earth;  and  one  was 
Seen,  in  the  year  1779,  which  was  computed  to 
be  more  than  fijhj  thousand  miles  in  diameter. 

With  regard  to  the  nature  of  this  globe — it  ap- 
pears highly  probable,  from  the  observations  of 
Sir  W.  Herhchel,  that  the  sun  is  a  solid  and  opaque 
body,  surrounded  with  luminous  clouds  which 
float  in  the  solar  atmosphere,  and  that  the  dark 
nucleus  of  tiie  spots  is  the  opaque  body  of  the  sun 
appearing  through  occasional  openings  in  this 
atmosphere.  The  bight  of  the  atmosphere  he 
computes  to  be  not  less  than  1843,  nor  more  than 
2755  miles,  consisting  of  two  regions;  that  near- 
est the  sun  being  opaque,  and  probably  resembling 
the  clouds  of  our  earth:  the  outermost  emitting 
vast  quantities  of  light,  and  forming  the  apparent 
luminous  globe  we  behold. 

The  sun  is  the  grand  source  of  light  and  heat, 
both  to  the  earth  and  to  all  the  other  planetary 
bodies.  The  heat  he  diffuses  animates  every  part 
of  our  sublunary  system,  and  all  that  variety  of 
coloring  which  adorns  the  terrestrial  landscape  is 
produced  by  his  rays.  It  has  been  lately  discov- 
ered that  the  rays  of  light  and  the  rays  of  heat, 
or  caloric,  are  distinct  from  each  other;  for  it  can 
be  demonstrated,  that  some  rays  from  the  sun 
produce  heat,  which  have  no  power  of  communi- 
cating light  or  color.  The  greatest  heat  is  found 
iu  the  red  rays,  the  least  in  the  violet  rays;  and  in 
a  space  beyond  the  red  rays,  where  there  is  no 
light,  the  temperature  is  greatest.  The  rays  of 
the  sun  have  also  been  found  to  produce  different 
chemical  effects.  The  white  muriate  of  silver  is 
blackened  In  the  violet  ray  in  the  space  of  fifteen 
seconds,  though  the  red  will  not  produce  the  same 
effect  iu  less  than  twenty  minutes.  Phosphorus 
is  kindled  in  the  vicinity  of  the  red  ray,  and  ex- 


tinguished in  the  vicinity  of  the  violet.  The  solai 
light,  therefore,  consists  of  three  different  orderf 
of  rays,  one  producing  color,  a  second  producing 
heat,  and  a  third  chemical  effects.  Euler  has  com- 
puted that  the  light  of  the  sun  is  equal  to  6500 
candles  at  a  fogt  distance,  while  the  moon  would 
be  as  one  candle  at  7^^  feet;  Venus  at  421  feet; 
and  Jupiter  at  1320  feet. — That  this  immense  lu- 
minary appears  so  small  to  our  ej'es  is  owing  to 
its  vast  distance,  which  is  no  less  than  ninety-five 
millions  of  miles.  Some  faint  idea  of  this  dis- 
tance may  be  obtained,  by  considering  that  a 
steamboat,  moving  at  the  rate  of  200  miles  a-day, 
would  require  thirteen  hundred  years  before  it 
could  traverse  the  space  which  intervenes  between 
us  and  the  sun. 

"  Hail,  sacred  source  of  inexhausted  light! 
Prodigious  instance  of  creating  niij;t)t. 
His  distance  man's  imagination  foils; 
Numbers  will  scarce  avail  to  count  the  miles. 
As  swift  as  thought  he  darts  his  radiance  round 
To  distant  worlds,  his  system's  utmost  bound." 

The  planet  Mercury Mercury  is  the  nearest 

planet  to  the  sun  that  has  yet  been  discovered. — 
He  is  about  37  millions  of  miles  distant  from  the 
sun,  and  revolves  around  him  in  88  days.  His 
diameter  is  about  3200  miles.  Before  the  disco- 
very of  the  four  new  planets,  Ceres,  Pallas,  Juno, 
and  Vesta,  in  the  beginning  of  the  present  cen- 
tury, this  globe  was  considered  as  the  smallest 
primary  planet  in  the  system.  His  surface,  how- 
ever, contijins  above  32  millions  of  square  miles, 
which  is  not  much  less  than  all  the  habitable  parts 
of  our  globe.  On  account  of  his  nearness  to  the 
sun  he  is  seldom  seen  by  the  naked  eye;  being 
always  near  that  quarter  of  the  heavens  where 
the  sun  appears;  and  therefore  few  discoveries 
have  been  made  on  his  surface  by  the  telescope. 
M.  Schroeter  concludes,  from  certain  observa- 
tions, that  this  planet  revolves  round  its  axis  in 
twenty-four  hours  and  five  minutes.  The  sun 
will  appear  to  an  inhabitant  of  Mercury  seven 
times  larger  than  to  an  inhabitant  of  the  earth: 
and  if  the  degree  of  heat  be  in  proportion  to  a 
planet's  nearness  to  the  sun,  the  heat  in  this  pla- 
net will  be  seven  times  greater  than  on  the  sur- 
face of  our  globe;  and  consequently,  were  the 
earth  placed  in  the  same  position,  all  the  water  on 
its  surface  would  boil,  and  soon  be  turned  into 
vapor.  But  the  All-wise  Creator  has  doubtless 
attempered  the  surface  of  that  globe,  and  the  con- 
stitution of  the  beings  that  may  occupy  it,  to  the 
situation  in  which  they  are  placed.* 

Venus,  the  next  planet  iu  order  from  the  sun, 


•  From  a  variety  of  facts  vi\\\c\i  have  been  obsen  ed  in  re- 
lation to  the  production  of  Caloric,  it  does  not  appear  probat 
ble  that  the  degree  of  heat  on  the  surfaces  of  the  difteren- 
planets  is  inversely  proportional  to  the  squares  of  their  re- 
spective distances' from  the  sun.  It  is  more  probable  that  it 
depends  chiefly  on  the  distribution  of  the  substa-nee  of  ca- 
loric on  the  s'urfaces  and  thronghout  the  atmospheres  of 
these  bodies — in  different  quantities,  according  to  the  diffe- 
rent situations  they  occupy  in  the  Solar  system;  and  that 
these  different  quantities  of  caloric  are  put  into  action  by 
the  influence  of  the  solar  rays,  so  as  to  produce  that  degreo 
ofucnsiblc  heat  requisite  for'each  respective  planetary  globe. 
On  this  hypothesis — which  is  corroborated  by  a  great  varie- 
ty of  facts  and  experiments — there  may  be  no  more  sensible 
heat  felt  on  the  surface  of  the  planet  Mercury  than  on  the 
surface  of  Uranus,  although  one  of  these  bodies  is  nearly  5(1 
times  nearer  the  sun  than  the  other.  Wc  have  only  to  sup- 
pose tnat  a  small  quantity  of  caloric  exists  in  Mercury  and 
a  larger  quantity  in  Uranus,  proportionate  to  the  distance 
from  the  center  of  the  system.  On  this  ground,  we  have  no 
reason  to  believe  either  that  the  planets  nearest  the  sun  are 
parched  with  excessive  heat,  or  that  those  that  are  most  dis- 
tant are  exposeil  to  all  the  rigors  of  in^uffi-rKble  cold,  or  that 
the  different  degrees  of  temperature  which  may  be  fonnd  in 
these  bodies  render  them  unfit  for  bein^  the  abodes  of  sea 
sitive  and  intellectual  beings. 
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revolves  around  him  in  224  days,  at  the  distance 
of  68  milhons  of  miles:  its  diametej  is  about 
seven  thousand  seven  hundred  miles,  orhearly  the 
size  of  the  earth;  and  it  turns  round  its  axis  in 
the  space  of  23  hours  and  2U  minutes.  This  pla- 
net is  the  most  brilliant  orb  which  appears  in  our 
nocturnal  heavens,  and  is  usually  distinguished  by 
the  name  of  the  morning  and  evening  star. — 
When  it  approaches  nearest  to  the  earth,  it  is 
about  27  millions  of  miles  distant;  and,  at  its 
greatest  distance,  it  is  no  less  than  163  millions 
of  miles  from  the  earth.  Were  the  whole  of  its 
enlightened  surface  turned  toward  the  earth  when 
it  is  nearest,  it  would  exhibit  a  light  and  brilliancy 
twenty-five  times  greater  than  it  generally  does, 
and  appear  like  a  small  brilliant  moon;  but  at 
that  time  its  dark  hemisphere  is  turned  toward 
our  globe.  Both  Venus  and  Mercury,  when 
viewed  by  a  telescope,  appear  to  pass  successively 
through  all  the  shapes  and  appearances  of  the 
moon;  sometimes  assuming  a  gibbous  phase,  and 
at  other  times  the  form  of  a  half  moon,  or  that  of 
a  crescent;  which  proves  that  they  are  dark  bodies 
in  themselves,  and  derive  their  light  from  the  sun. 
The  most  distinct  and  beautiful  views  of  Venus, 
especially  when  it  appears  as  a  crescent,  are  to  be 
obtained  in  the  day-time,  by  means  of  an  equato- 
rial telescope.  —  from  a  variety  of  observations 
which  the  author  has  made  with  this  instrument, 
it  has  been  found  that  Venus  may  be  seen  every 
clear  day,  without  interruption,  during  a  period 
of  583  diiys,  with  the  occasional  exception  of  thir- 
teen days  in  one  case  and  only  three  days  in  an- 
other— circumstances  which  cannot  be  affirmed 
of  any  other  celestial  body,  the  sun  only  except- 
ed.* M.  Schroeter  atHrms  that  he  has  discovered 
mountains  on  the  surface  of  this  globe,  one  of 
which  is  10,  another  11,  and  a  third  22  miles  high. 
It  appears  also  to  be  encompassed  with  an  atmo- 
sphere, the  densest  part  of  which  is  about  16,000 
feet  high.  About  twice  in  the  course  of  a  centu- 
ry this  planet  appears  to  pass,  like  a  dark  spot, 
across  the  sun's  disc.  This  is  termed  the  transit 
of  Venus.  The  last  transit  happened  June  3, 
1769;  the  next  will  happen  on  December  8,  1874, 
which  will  be  invisible  in  Europe.  Another  will 
happen  on  the  6lh  December,  1882,  which  will  be 
partly  visible  in  Great  Britain. 

The  E.\RTH  is  the  next  planet  in  the  system. — 
It  moves  round  the  sun  in  365  davs  5  hours  and 


♦See  Edin.  Phil.  Jonrn.,  No.  V,  July  1820,  and  No.  XITI, 
July  1822. — I  have  found  from  observation  that  this  planet 
may  be  seen  in  the  day-time,  when  only  1'  21'  from  the 
sun's  center;  and  consequently,  when  its  geocentric  latitude 
at  the  time  of  the  superior  conjunction  exceeds  that  quanti- 
ty, it  may  be  distinctly  seen  during  the  whole  period  of  .i83 
days,  excepting  about  35  hours  before  and  after  its  ivfirior 
conjunction. — It  is  well  known  to  astronomers  that  there  has 
been  a  difference  of  opinion  with  respect  to  the  period  of  the 
rotation  of  this  planet,  ("assini,  from  observations  on  a  hrisht 
spot  which  advanced  20  degrees  in  24  hours  34  minutes,  de- 
termined the  time  of  its  rotation  to  be  23  hours  and  20  min- 
utes. On  the  other  hand,  Bianchini,  from  similar  observa- 
vations,  concluded  that  its  dinrnal  period  was  24  days  and  8 
hours.  The  difUculty  of  deciding  between  these  two  opin- 
ions arises  from  tiie  short  time  in  which  observations  can  be 
made  in  this  planet,  either  before  sunrise  or  after  sunset, 
which  prevents  us  from  tracing  with  accuracy  the  progres- 
sive motion  of  its  spots  for  a  suflicient  length  of  time.  And 
although  an  observer  should  mark  the  position  of  the  spots, 
at  the  same  hour,  on  two  succeeding  evenings,  and  find  they 
had  moved  forward  about  20  degrees  in  24  hours,  he  would 
still  be  at  a  loss  to  determine  whether  they  had  moved  20 
degrees  in  all,  since  the  preceding  observation,  or  had  finish- 
ed a  revolution,  and  20  degrees  more.— In  Nicholson's  Phi- 
losophical Journal,  vol.  xxxvi,  I  endeavored  to  show  how 
this  point  may  be  determined  by  observations  made  on  Ve- 
nus in  Ihe  day-time,  by  which,  in  certain  cases,  the  progres- 
iive  motion  of  its  spots  might  be  traced,  without  interrup- 
tion lor  12  hours  or  more,  which  would  completely  settle  the 
period  of  lotatioa. 


49  minutes,  at  the  distance  of  95  millions  of  miles, 
and  round  its  axis  in  23  hours  56  minutes  4  se- 
conds. I'he  former  is  called  its  annual,  and  th« 
latter  its  diurnal  motion.  That  the  earth  is,  in 
reality,  a  moving  body,  is  a  fact  which  can  no 
longer  be  called  in  question;  it  is  indeed  suscepti- 
ble of  the  clearest  demonstration.  But  my  limita 
will  not  permit  to  enter  into  a  detail  of  the  argu- 
ments by  which  it  is  supported.  I  have  already 
adverted  to  one  consideration,  from  which  its  di- 
urnal rotation  may  be  inferred.*  Either  the 
earth  moves  round  its  axis  every  day,  or  the  whole 
universe  moves  round  it  in  the  same  time.  To 
suppose  the  latter  case  to  be  the  fact  would  in- 
volve a  reflection  on  tlie  wisdom  of  its  Almighty 
Author,  and  would  form  the  only  exception  that 
we  know  to  that  beautiful  proportion,  harmony, 
and  simplicity,  which  appear  in  all  the  works  of 
Nature.  Were  it  possible  to  construct  a  machine 
as  large  as  the  city  of  London,  and  apply  to  it 
mechanical  powers  sufficient  to  make  it  revolve  on 
an  axis,  so  as  to  carry  round  a  furnace  for  the 
purpose  of  roasting  a  joint  of  mutton,  suspended 
in  the  center  of  its  motion — while  we  might  ad- 
mire the  ingenuity  and  the  energies  displayed  in 
its  construction  —  all  mankind  would  unite  in 
condemning  it  as  a  display  of  consummate  folly. 
But  such  an  extravagant  piece  of  machinery 
would  not  be  half  so  preposterous  as  to  suppose, 
that  the  vast  universe  is  daily  revolving  around 
our  little  globe,  and  that  all  the  planetary  motions 
have  an  immediate  respect  to  it.  And  shall  we 
dare  ascribe  to  Him  who  is  "  the  only  wise  God," 
contrivances  which  we  would  pronounce  to  be 
the  perfection  of  folly  in  mankind?  It  is  record- 
ed of  tiie  astronomer  Alphonsus,  king  of  Castile, 
who  lived  in  the  13th  century,  that,  after  having 
studied  the  Ptolemaic  system,  which  supposes  the 
earth  at  rest  in  the  center  of  the  universe,  he  ut- 
tered the  following  iw/)!0!/.s  sentence:  "If  I  had 
been  of  God's  privy  council  when  he  made  the 
world,  I  would  have  advised  him  better."  So 
that  false  conceptions  of  the  System  of  Nature 
lead  to  erroneous  notions  of  that  adorable  Being 
who  is  possessed  of  Infinite  Perfection. — We  find 
that  bodies  much  larger  than  the  earth  have  a 
similar  rotation.  The  planet  Jupiter,  a  globe 
295,000  miles  in  circumference,  moves  round  its 
axis  in  less  than  ten  hours;  and  all  the  other 
planetary  bodies,  on  which  spots  have  been  dis- 
covered, are  found  to  have  a  diurnal  motion.  Be- 
side, it  is  found  to  be  a  universal  law  of  nature, 
that  smaller  globes  revolve  around  larger;  but 
there  is  no  example  in  the  universe,  of  a  larger 
body  revolving  around  a  smaller.  The  moon  re- 
volves around  the  earth,  but  she  is  much  smallei 
than  the  earth;  the  moons  which  move  around 
Jupiter,  Saturn,  and  Herschel,  are  all  less  than 
their  primaries,  and  the  planets  v>'hich  perform 
their  revolutions  around  the  sun  are  much  less 
than  that  central  luminary. 

With  regard  to  the  artnual  revolution  of  the 
earth, — if  such  a  motion  did  not  exist,  the  plane- 
tary system  would  present  a  scene  of  inextricable 
confusion.  The  planets  would  sometimes  move 
backward,  sometimes  forward,  and  at  other  time? 
remain  stationary;  and  would  describe  looped 
curves,  so  anomalous  and  confused,  that  no  man 
in  his  senses  could  view  the  All-wise  Creator  as 
the  author  of  so  much  confusion.  But  by  con- 
sidering the  earth  as  revolving  in  an  orbit  between 
Venus  and  Mars  (which  all  celestial  observation* 
completely  demonstrate),  all  the  apparent  irregu- 
larities of  the  planetary  motions  are  completely 

See  p.  22. 
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Bolved  and  accounted  for;  and  the  Solar  System 
presents  a  scene  of  beauty,  harmonj^,  and  gran- 
deur, combined  with  a  simphcity  of  design,  which 
characterizes  all  the  works  of  Omnipotence. 

The  Moon. — Next  to  the  sun,  the  moon  is  to 
us  the  most  interesting  of  all  the  celestial  orbs. — 
She  is  the  constant  attendant  of  the  earth,  and 
revolves  around  it  in  27  days  8  hours;  but  the 
period  from  one  new  or  full  moon  to  another,  is 
about  2'J  days  12  hours.  She  is  the  nearest  of  all 
the  heavenly  bodies;  being  only  about  two  hun- 
dred and  forty  thousand  milts  distant  from  the 
earth.  She  is  much  smaller  than  the  earth;  being 
only  2180  miles  in  diameter.  Her  surface,  vi^hen 
viewed  with  a  telescope,  presents  an  interesting 
and  a  variegated  aspect;  being  diversified  with 
mountains,  valleys,  rocks,  and  plains,  in  every 
variety  of  form  and  position.  Some  of  these 
mountains  form  long  and  elevated  ridges,  resem- 
bling the  chains  of  the  Alps  and  the  Andes;  while 
others,  of  a  conical  form,  rise  to  a  great  hight, 
from  the  middle  of  level  plains,  somewhat  re- 
sembling the  Peak  of  TeneritFe.  But  the  most 
eingular  feature  of  the  moon  is,  those  circular 
ridges  and  cavities  which  diversify  every  portion 
of  her  surface.  A  range  of  mountains  of  a  cir- 
cular form,  rising  three  or  four  miles  above  the 
level  of  the  adjacent  districts,  surrounds,  like  a 
mighty  rampart,  an  extensive  plain;  and,  in  the 
middle  of  this  plain  or  cavity,  an  insulated  coni- 
cal hill  rises  to  a  considerable  elevation.  Several 
hundreds  of  these  circular  plains,  most  of  whicli 
are  considerably  below  the  level  of  the  surround- 
ing country,  may  be  perceived  with  a  good  tele- 
scope, on  every  region  of  the  lunar  surface.  They 
are  of  all  dimensions,  from  two  or  three  miles  to 
forty  wiles  in  diameter;  and,  if  they  be  adorned 
with  verdure,  they  must  present  to  the  view  of  a 
spectator,  placed  among  them,  a  more  variegated, 
romantic,  and  sublime  scenery  than  is  to  be  found 
on  the  surface  of  our  globe.  An  idea  of  some  of 
these  scenes  may  be  acquired,  by  conceiving  a 
plain  of  about  a  hundred  miles  in  circumference, 
encircled  with  a  range  of  mountains,  of  various 
forms,  three  miles  in  perpendicular  hight,  and 
having  a  mountain  near  the  center,  whose  top 
reaches  a  mile  and  a  half  above  the  level  of  the 
plain.  From  the  top  of  this  central  mountain, 
the  whole  pluin,  with  all  its  variety  of  objects, 
would  be  distinctly  visible;  and  the  view  would 
appear  to  be  bounded  on  all  sides  by  a  lofty  am- 
phitheater of  mountains,  in  every  diversity  of 
shape,  rearing  their  summits  to  the  sky.  From 
the  summit  of  the  circular  ridge,  the  conical  hill 
in  the  center,  the  opposite  circular  range,  the 
plain  below,  and  some  of  the  adjacent  plains, 
which  encompass  the  exterior  ridge  of  the  moun- 
tains, would  form  another  variety  of  view; — and 
a  third  variety  would  be  obtained  from  the  vari- 
ous aspects  of  the  central  mountain,  and  the 
surrounding  scenery  as  viewed  from  the  plains 
below. 

The  lunar  mountains  are  of  all  sizes,  from  a 
furlong  to  five  miles  in  perpendicular  elevation. 
Certain  luminous  spots,  which  have  been  occa- 
sionally seen  on  the  dark  side  of  the  moon,  seem 
to  demonstrate  that  fire  exists  in  this  planet.  Sir 
W.  Herschel,  and  several  other  astronomers,  sup- 
pose th;it  they  are  volcanoes  in  a  state  of  eruption. 
It  would  be  a  more  pleasing  idea,  and  perhaps  as 
nearly  corresponding  to  fact,  to  suppose,  that 
these  phenomena  are  owing  to  some  occasional 
splendid  illuminations  produced  by  the  lunar  in- 
habitants, during  their  long  nights.  Such  a  scene 
as  the  burning  of  Moscow,  the  conflagration  of 
an  extensive  forest,  or  the  splendid  illumination 


of  a  large  city  with  gas-light,  might  present  simi- 
lar appearances  to  a  spectator  in  the  moon. — The 
bright  spots  on  the  moon  are  the  mountainous 
regions:  the  dark  spots  are  the  plains,  or  more 
level  parts  of  the  surface.  There  may  probably 
be  rivers  or  small  lakes  on  this  planet;  but  there 
are  no  seas  or  large  collections  of  water  It  ap- 
pears highly  probable,  from  tlie  observations  of 
Schroeter,  that  the  moon  is  encompassed  with  au 
atmosphere:  but  no  clouds,  rain;  or  snow,  seem  to 
exist  in  it."  The  illuminating  power  of  the  light 
derived  from  the  moon,  according  to  the  experi- 
ments made  by  professor  Leslie,  is  about  the 
one  hundred  and  Jifty  thousandth  part  of  the  illu- 
minating power  of  the  sun.  According  to  the 
experiments  of  M.  Bouguer,  it  is  only  as  1  to 
.300,000. 

The  moon  always  presents  the  same  face  to  us, 
which  proves,  that  she  revolves  round  her  axis  in 
the  same  time  that  she  revolves  round  the  earth 
As  this  orb  derives  its  light  from  the  sun,  and  re- 
flects a  portion  of  it  upon  the  earth,  so  the  earth 
performs  the  same  office  to  the  moon.  A  spectator 
on  the  lunar  surface  would  behold  the  earth  like  a 
luminous  orb  suspended  in  the  vault  of  heaven, 
presenting  a  surface  about  13  times  larger  than  the 
moon  dot  s  to  us,  and  appearing  sometimes  gib- 
bous, sometimes  horned,  and  at  other  times  with 
a  round  full  face.  The  light  which  the  earth 
reflects  upon  the  dark  side  of  the  moon  may  be 
distinctly  perceived  by  a  common  telescope,  from 
two  to  six  or  eight  days  alter  the  change. — The 
lunar  surface  contains  about  15  millions  of  square 
miles,  and  is,  therefore,  capable  of  containing  a 
population  equal  to  that  of  our  globe,  allowing 
only  about  b'.i  inhabitants  to  every  square  mile. 
That  this  planet  is  inhabited  by  sensitive  and  in- 
telligent beings,  there  is  every  reason  to  conclude, 
from  a  consideration  of  the  sublime  scenery  with 
which  its  surface  is  adorned,  and  of  the  general 
beneficence  of  the  Creator,  who  appears  to  have 
left  no  large  portion  of  his  material  creation  with- 
out animated  existences;  and  it  is  highly  probable, 
that  direct  proofs  of  the  moon's  being  inhabited 
may  hereafter  be  obtained,  when  all  the  varieties 
on  her  surface  siiall  have  been  more  minutely  ex- 
plored.* 

The  planet  Mars. — Next  to  the  earth  and  moon, 
the  planet  Mars  performs  his  revolution  round  the 
sun,  in  one  year  and  ten  months,  at  the  distance 
of  145  millions  of  njiles.  His  diameter  is  about 
4200  miles,  and  he  is  distinguished  from  all  the 
other  planets  by  his  ruddy  appearance,  which  is 
owijig  to  a  dense  atmosphere  with  which  he  is  en- 
vironed. With  a  good  telescope,  his  surface  ap- 
pears diversified  with  a  variety  of  spots;  by  the 
motion  of  which  it  is  found,  that  he  turns  round 
his  axis  in  24  hours  and  40  minutes.  The  incli- 
nation of  his  axis  to  the  plane  of  his  orbit  being 
about  28°  42',  the  days  and  nights,  and  the  differ- 
ent seasons  in  this  planet,  will  bear  a  considerable 
resemblance  to  those  we  experience  in  our  ter- 
restrial sphere,  t  At  his  nearest  approach  to  the 
earth,  his  distance  from  us  is  about  50  millions  of 
miles;  and,  at  his  greatest  distance,  he  is  about 
240  millions  of  miles;  so  that  in  .he  former  case 
he  appears  nearly  25  times  larger  than  in  the  lat- 
ter. To  a  spectator  in  this  planet,  our  earth  will 
appear  alternately,  as   a   morning   and    evening 


*  ?ee  Appendix,  Note  IV. 

t  The  inclination  of  the  earth's  axis  to  the  ecliptic,  or,  ia 
other  words,,  to  the  plane  of  its  annual  orbit  is  23°  28', 
which  IS  the  cause  of  the  diversity  of  seasons,  and  of  the 
difl'erent  length  of  days  and  nights.  Were  the  axis  of  the 
earth  perpendicular  to  its  orbit,  as  is  the  case  with  the  plan** 
Jupiter,  there  would  be  no  diversity  of  seasons. 
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itar,  and  will  exhibit  all  the-  phases  of  the  moon, 
just  as  Venus  does  to  us,  but  with  a  less  degree 
of  apparent  magnitude  and  splendor.  A  lumi- 
nous zone  has  been  observed  about  the  poles  of 
Mars,  which  is  subject  to  successive  changes. 
Sir  W.  Herschel  supposes  that  it  is  produced  by 
tiie  reflection  of  the  sun's  light  from  his  frozen 
'regions,  and  that  the  melting  of  these  masses  of 
polar  ice  is  the  cause  of  the  variation  in  its  mag- 
nitude and  appearance.  This  planet  moves,  in 
its  orbit,  at  tlio  rate  of  iifty-tive  thousand  miles 
an  hour. 

The  New  Planets. — Between  the  orbits  of  Mars 
and  Jupiter,  four  planetary  bodies  have  been 
lately  discovered,  accompanied  with  circumstances 
somewhat  ditferent  from  those  of  the  other  bodies 
which  compose  our  system.  They  are  named 
Ceres,  Pallas,  Juno,  Vesta.  The  planet  Ceres  was 
discovered  at  Palermo,  in  Sicily,  by  M.  Piuzzi,  on 
the  first  day  of  the  present  century.  It  is  of  a 
ruddy  color,  and  appears  about  the  size  of  a  star 
of  the  eighth  magnitude,  and  is  consequently  in- 
visible to  the  naked  eye.  It  performs  its  revolu- 
tion in  4  years  and  7  mouths,  at  the  distance  of 
260  millions  of  miles  from  the  sun,  and  is  reck- 
oned by  some  astronomers  to  be  about  1624  miles 
in  diameter,  or  about  half  the  diameter  of  Mercu- 
ry. It  appears  to  be  surrounded  with  a  large 
dense  atmosphere. — Pallas  was  discovered  the  fol- 
lowing year,  namely,  on  the  28tli  March,  1802, 
by  Dr.  Olbers,  of  Bremen.  It  is  supposed  to  be 
about  2000  miles  in  diameter,  or  neaily  the  size 
of  the  moon.  It  revolves  about  the  sun  in  4 
years  and  7  months,  or  nearly  in  tiie  same  time 
as  Ceres,  at  the  distance  ot  266  millions  of  miles; 
and  is  surrounded  with  a  nebulosity  or  atmos- 
phere above  400  miles  in  hight,  similar  to  that  of 
Ceres. — The  planet  Juno  was  discovered  on  the 
1st  September,  1&04,  by  Mr.  Harding,  of  Bremen. 
Its  mean  distance  from  the  sun  is  about  253  mil- 
lions of  miles;  its  revolution  is  completed  in  4 
years  and  130  days,  and  its  diameter  is  com- 
puted to  be  about  1425  mile.'--.  It  is  free  from  the 
nebulosity  which  surrounds  Pallas,  and  is  distin- 
guished from  all  the  other  planets  by  the  great 
eccentricity  of  its  orbit;  being  at  its  least  distance 
from  the  sun  only  189  millions  of  miles,  and  at 
its  greatest  distance,  316  millions. — Vesta  was 
discovered  by  Dr.  Olbers  on  the  29th  March,  1S07. 
It  appears  like  a  star  of  the  tifth  or  si.xth  magni- 
tude, and  may  sometimes  be  distinguished  by  the 
naked  eye.  Its  light  is  more  intense  and  white 
than  any  of  the  other  three,  and  it  is  not  sur- 
rounded with  any  nebulosity.  It  is  distant  from 
the  sun  about  225  millions  of  miles,  and  completes 
its  revolutions  in  3  years  and  240  davs.  Its 
diameter  has  not  yet  been  accurately  ascertained; 
but  from  the  intensity  of  its  light  and  otiier  cir- 
cumstances, it  is  concluded,  th;it  it  is  not  inferior 
in  magnitude  to  either  Pallas  or  Juno. 

These  planetary  globes  present  to  our  view  a 
variety  of  anomalies  and  singularities,  which  ap- 
pear incompatible  with  the  regularity,  proportion, 
and  harmony,  which  were  formerly  supposed  to 
characterize  the  airangements  of  the  Solar  sys- 
tem— They  are  bodies  much  smaller  in  size  than 
the  oth°r  planets — tliey  revolve  nearly  at  the  same 
distances  from  the  sun,  and  perfonn  their  revolu- 
tions in  nearly  the  same  perinds — thf"ir  orbits  are 
much  mnre  eccentric,  and  have  a  much  greater  de- 
cree of  inclination  to  the  ecliptic,  than  those  of  the 
old  plani'ts — and,  what  is  alfoL-'ether  singular  (ex- 
cept iu  the  case  of  comets),  fhdr  orbiUt  cross  each 
Other;  so  that  there  is  a  possibility  that  two  of 
these  bodies  might  happen  to  interfere,  and  to 
atrike  each   other,  in  the  course   of  their  revolu- 


tions. The  orbit  of  Ceres  crosses  the  orbit  of 
Pallas.  Vesta  may  sometimes  be  at  a  greater  dis 
tance  from  the  sun  than  either  Ceres,  Pallas,  or 
Juno,  although  its  mean  distance  is  less  than  thai 
of  either  of  them,  by  several  millions  of  miles; 
so  that  the  orbit  of  Vesta  crosses  the  orbits  of  all 
the  other  three.  From  these  and  other  circuta- 
stances,  it  has,  with  a  high  degree  of  probability 
been  concluded — that  these  four  planets  are  the 
fragments  of  a  large  celestial  body  which  once  re- 
volved between  Mars  and  Jupiter,  and  which  had 
been  burst  asunder  by  some  immense  irruptive 
force.  This  idea  seems  to  have  occurred  to  Dr 
Olbers,  after  he  had  discovered  the  planet  Pallets, 
and  he  imagined  that  other  fragments  might  pos- 
sibly exist.  He  concluded,  that,  if  they  all  diverged 
from  the  same  point,  "  they  ought  to  have  two 
common  points  of  reunion,  or  two  nodes  iu  oppo- 
site regions  of  the  heavens,  through  which,  all  tlie 
planetarj'  fragments  must  sooner  or  later  pass." 
One  of  these  nodes  lie  found  to  be  in  the  constel- 
lation Virgo,  and  the  other  in  the  Whale;  and  if 
is  a  remarkable  coincidence,  that  it  Vv'as  iu  the 
latter  of  these  regions  that  the  planet  Juno  was 
discovered  by  Mr.  Harding.  In  order  to  detect 
the  remaining  fragments  (if  any  existed),  Dr. 
Olbers  examined,  three  times  every  year,  all  the 
small  stars  in  Virgo  and  the  Whale;  and  it  was 
actually  in  the  constellation  Virgo  that  he  dis- 
covered the  planet  Vesta.  It  is  not  unlikely  that 
other  fragments  of  a  similar  description  may  yet 
be  discovered.  Sir  D.  Brewster  attributes  the  fall 
of  meteoric  stoi.es*  to  the  smaller  fragments  of 
th'\se  bodies  happening  to  come  within  the  sphere 
of  the  earth's  attraction.  His  ingenious  reason- 
ing on  this  subject,  and  in  support  of  Dr  Olbers' 
hypothesis  above  stated,  may  be  seen  in  Edin. 
Encyc. ,\ol.  ii,  p.  641,  and  in  his  "supplementary 
chapters  to  Ferguson's  Astronomy." 

The  facts  to  which  I  have  now  adverted  seem  to 
unfold  a  new  scene  in  the  history  of  the  dispen- 
sations of  the  Almighty,  and  to  warrant  the  con- 
clusion, that  the  earth  is  not  the  only  globe  in  the 
universe  which  is  subject  to  physical  changes  and 
moral  revolutions. 

The  Planet  Jupiter, — This  planet  is  490  mil- 
lions of  miles  distant  from  the  sun,  and  performs 
its  annual  revolution  in  nearly  twelve  of  our 
j'ears,  moving  at  the  rate  of  twenty-nine  thousand 
miles  an  hour.  It  is  the  largest  planet  in  the  So- 
lar system,  being  89,000  miles  in  diameter,  or 
about  fourteen  hundred  times  larger  than  the  earth. 
Its  motion  round  its  axis  is  performed  in  nine 
hours  and  fifty-six  minutes;  and,  therefore,  the 
portions  of  its  surface  about  the  equator,  move  at 
the  rate  of  28,000  miles  an  hour,  which  is  nearly 
twenty-seven  times  swifter  than  the  earth's  diur- 
nal rotation.     The  figure  of  Jupiter  is  that  of  an 


*  Meteoric  stones,  or  what  are  generally  termed  aerolites, 
are  stones  which  sometimes  fall  from  the  upper  refjions  of 
tlie  atmosphere  upon  the  earth.  The  suhstanee  of  wlticll 
they  are  composed  is,  for  the  most  part,  mctaU'n;  bnt  the 
ore  of  which  they  consist  is  not  to  be  found  in  the  same  con- 
stituent pruportionx,  in  any  terrestrial  substances.  Theii 
fall  is  frenerally  preceded  by  a  luminous  appearance,  a  hiS' 
sing  noi^e,  anil  a  loud  explosion;  and,  when  found  immedi- 
ately after  their  descent,  are  always  hot.  Their  size  dilfers 
from  small  fragments  of  inconsiderable  weight,  to  the  most 
ponderous  masses.  Pome  of  the  larger  portions  of  these 
stones  have  been  found  to  weigh  from  31)0  Ihs.  to  severiJ 
tons;  and  they  have  often  descended  to  the  earth  with  a 
force  sulhcient  to  bury  them  several  feet  uiidet  the  soil. 
Pome  have  supposed  that  tliese  bodies  are  projected  from 
volcanoes  in  the  moon;  others,  that  they  prn(^eed  from  vol- 
canoes on  the  earth;  while  others  imaiine  that  they  aro 
generated  in  the  regions  of  the  atmosphere;  but  the  trnn 
cp.use  is  probably  not  yet  ascertained.  In  some  instances, 
these  stones  have  penetrated  through  the  roofs  ofhousf*, 
and  proved  destructive  to  the  inhabitants. 
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oblate  spheroid,  the  axis,  or  diameter,  passing 
through  the  poles,  being  about  6000  miles  shorter 
than  that  passing  through  the  equator.  The 
Earth,  Saturn,  and  Mars,  are  also  spheroids;  and 
it  is  highly  probable  that  Mercury,  Venus,  and 
Herschel,  are  of  a  similar  figure,  though  the  fact 
has  not  yet  been  ascertained  by  actual  observation. 
When  viewed  with  a  telescope,  several  spots  have 
been  occasionally  discovered  on  the  surface  of  this 
planet,  by  the  motion  of  which  its  rotation  was 
determined. 

But  what  chiefly  distinguishes  the  surface  of 
Jupiter,  is  several  streaky  appearances,  or  dusky 
stripes,  wiiich  extend  across  his  disc  in  lines 
parallel  to  his  equator.  These  are  generally 
termed  his  Belts.  Three  of  these  belts,  or  zones, 
nearly  equi-distant  from  each  other,  are  most  fre- 
quently observed ;  but  they  are  not  regular  or 
constant  in  their  appearance.*  Sometimes  only 
one  is  to  be  seen,  sometimes  five,  and  sometimes 
seven  or  eight  have  been  visible;  and  in  the  latter 
case,  two  of  them  have  been  known  to  disappear 
during  the  time  of  observation.  On  the  28lh  of 
May,  1780,  Sir  W.  Herschel  perceived  "  the 
ttjfwle  surface  of  Jupiter  covered  with  small  curved 
belts,  or  rather  lines,  that  were  not  continuous 
across  his  disc."  Though  these  belts  are  gene- 
rally parallel  to  each  other,  yet  they  are  not  al- 
ways so.  Their  breadth  is  likewise  variable;  one 
belt  having  been  observed  to  grow  narrow,  while 
another  in  its  neighborhood  has  increased  in 
breadth,  as  if  the  one  had  flowed  into  the  other. 
The  time  of  their  continuance  is  also  uncertain; 
sometimes  they  remain  unchanged  for  several 
months,  at  other  times,  new  belts  have  been  form- 
ed in  an  hour  or  two.  What  these  belts,  or  varia- 
ble appearances  are,  it  is  diflicult  to  determine. 
Some  have  regarded  them  as  strata  of  clouds 
fl.iating   in   the    atmosphere   of   Jupiter;    while 


others  imagine,  that  tliey  are  the  marks  of  great 
physical  revolutions  which  are  perpetually  chang- 
ing the  surface  of  that  planet.  The  former 
opinion  appears  the  most  probable.  But  what- 
ever be  the  nature  of  these  belts,  the  sudden 
changes  to  which  they  are  occasionally  subject, 
seem  to  indicate  the  rapid  operation  of  some  pow- 
erful physical  agency;  for  some  of  them  are 
more  than  five  thousand  miles  in  breadth;  and 
since  they  have  been  known  to  disappear  in  the 
space  of  an  hour  or  two,  or  even  during  the  time 
of  a  casual  observation — agents  more  powerful 
than  any  with  which  we  are  acquainted  must 
have  produced  so  extensive  an  effect. 

Jupiter  is  attended  by  four  satellites,  or  moons, 
which  present  a  very  beautiful  appearance  when 
viewed  through  a  telescope.  The  first  moon,  oi 
that  nearest  the  planet,  is  230,000  miles  distant 
from  its  center,  and  goes  round  it  in  423^2  hours; 
and  will  appear  from  its  surface  four  times  largei 
than  our  moon  does  to  us.  The  second  moon, 
being  farther  distant,  will  appear  about  the  size  of 
ours;  the  third,  somewhat  less;  and  the  fourth 
which  is  a  million  of  miles  distant  from  Jupiter, 
and  takes  sixteen  days  to  go  round  him,  will  ap- 
pear only  about  one  third  the  diameter  of  oui 
moon.  These  moons  suffer  frequent  eclipses  from 
passing  through  Jupiter's  shadow,  in  the  same 
way  as  our  moon  is  eclipsed  by  passing  through 
the  shadow  of  the  earth.  By  the  eclipses  of  these 
moons,  the  motion  of  light  was  ascertained;  and 
they  are  found  to  be  of  essential  use,  in  deter- 
mining the  longitude  of  places  on  the  surface  of 
our  globe.  This  planet,  if  seen  from  its  nearest 
moon,  will  present  a  surface  a  thousaad  times  as 
large  as  our  moon  does  to  us,  and  will  appear  in 
the  form  of  a  crescent,  a  half  moon,  a  gibbous 
phase,  and  a  full  moon,  in  regular  succession, 
every  42  hours. 


Fig.  21. 


The  foregoing  figure  exhibits  a  view  of  Jupi- 
ter's belts  and  satellites  as  seen  through  a  good 
telescope;  but  they  do  not  always  appear,  two  on 
each  side,  as  here  represented,  but  in  every  vari- 
ety of  position;  and  sometimes  all  on  the  same 
side,  in  the  order  of  their  distances;  and  they 
seem  to  move  from  one  side  to  another,  in  nearly 
straight  lines,  ou  account  of  our  eye  being  nearly 
on  a  level  with  the  planes  of  their  orbits. 

Jupiter's  axis  being  nearly  perpendicular  to  his 
orbit,  he  has  no  sensible  change  of  seasons,  such 
as  we  experience  on  the  earth.  Were  we  placed 
on  the  surface  of  this  ])lanet,  with  the  limited 
powers  of  vision  we  now  possess,  our  earth  and 
moon  would  entirely  disappear,  as  if  they  w^ere 

*  A  representation  of  these  belts  in  the  positions  in  which 
they  most  frequently  appear,  is  exhibited  in  the  Frontis- 
piece, Fig.  2. — Fig.  1  represents  the  double  rin;^  of  Saturn 
as  it  appears  when  viewed  througli  a  powerful  telescope. — 
Figures  1,2,  3,  4,  etc.,  represent  i^alurn,  Jupiter,  Herschel, 
the  earth,  and  moon,  in  t/ieir  relative  sizes  and  proportions. 


blotted  out  from  the  map  of  creation  ;  and  the 
inhabitants  of  these  regions  jnust  have  much  bet- 
ter eyes  than  ours,  if  they  know  that  there  is  in 
the  universe  such  a  globe  as  the  earth. 

The  Planet  Saturn.— This  planet  is  900  mil- 
lions of  miles  distant  from  the  sun,  being  nearly 
double  the  distance  of  Jupiter.  Its  diameter  is 
70,000  miles,  and  consequently,  it  is  more  than 
nine  hundred  times  the  bulk  of  the  earth.  It  takes 
it  293^  years  to  complete  its  revolution  about  th^ 
sun;  but  its  diurnal  motion  is  completed  in  ten 
hours  and  sixteen  minutes;  so  that  the  year  in 
this  planet  is  nearly  tiiirty  times  the  length  of 
ours,  while  the  day  is  shorter,  by  more  than  one- 
half.  The  year,  therefore,  contains  about  twenty- 
five  thousand  one  hundred  and  fifty  daijs,  or 
periods  of  its  diurnal  rotation,  which  is  equal  to 
10,759  of  our  days.  Saturn  is  of  a  spheroidal 
figure,  or  somewhat  of  the  shape  of  an  orange; 
his  equatorial  being  more  than  six  thousand  miles 
longer  than  his  polar  diameter.    His  surface,  lik» 
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that  of  JupUer,  is  uiversifiea  with  belts  and  dark  I 
spots.  Sir  W.  Herschcl,  at  certain  times,  per- 
ceived five  belts  on  his  surface,  three  of  wliicli 
were  dark,  and  two  bright.  Tiie  dark  belts  had  a 
yellowish  tinge,  and  generally  covered  a  larger 
zone  ot  the  disc  of  Saturn  than  the  belts  of  Jupi- 
ter occupy  upon  his  surface.  On  account  of  the 
great  distance  of  this  planet  from  the  sun,  the 
light  it  receives  from  that  luminary  is  only  the 
ninetieth  part  of  what  we  enjoy;  but,  by  calcula- 
tion, it  is  found  that  this  quantity  is  a  thousand 
times  greater  than  the  light  which  the  full  moon 
affords  to  us.  Beside,  it  is  surrounded  by  no 
fewer  than  seven  moons,  which  supply  it  with 
light  in  the  absence  of  the  sun.  F've  of  these 
moons  were  discovered  during  the  seventeenth 
century,  by  Huygens  and  Cassini;  and  the  sixth 
and  seventh  were  discovered  by  Sir  W.  Herscliel, 
in  1789,  soon  after  his  large  forty  feet  reflecting 
telescope  was  constructed.  These  moons,  and 
also  those  which  accompany  Jupiter,  are  esti- 
mated to  be  not  much  less  than  the  earth  in  mag- 
nitude, and  are  found,  like  our  moon,  to  revolve 
round  their  axes  in  the  same  time  in  which  they 
revolve  about  their  respective  primaries. 

Rings  of  Saturn. — The  most  extraordinary  cir- 
cumstance connected  with  this  planet  is,  the  phe- 
nomenon of  a  double  ring,  which  surrounds  its 
body,  but  nowhere  touclies  it,  being  tiiirty  thou- 
sand miles  distant  from  any  part  of  the  planet, 
and  is  carried  along  with  the  planet  in  its  circuit 
around  the  sun.  This  is  the  most  singular  and 
astonishing  object  in  the  whole  range  of  the  pla- 
netary system;  no  other  planet  being  found  envi- 

Fig. 


roned  with  so  wonderful  an  appendage:  and  the 
planets  which  may  belong  to  other  systems,  being 
placed  beyond  the  reach  of  our  observations,  no 
idea  can  be  formed  of  tlie  peculiar  apparatus  with 
which  any  of  them  may  be  furnished.  This 
double  ring  consists  of  two  concentric  rings,  de- 
tached from  each  other;  the  innermost  of  which 
is  nearly  three  times  as  broad  as  the  outermost 
The  outside  diameter  of  the  exterior  ring  is  204,- 
000  miles;  and  consequently,  in  circumference, 
will  measure  six  hundred  and  forty  thousand  miles, 
or  eighty  times  the  diameter  of  our  globe.  Its 
breadth  is  7200  miles,  or  nearly  the  diameter  of 
the  earth.  Were  four  hundred  and  fifty  globes, 
of  the  size  of  the  earth,  placed  close  to  one  an- 
other, on  a  plane,  this  immense  ring  would  in- 
close the  whole  of  them,  together  with  all  the 
interstices,  or  open  spaces  between  the  difTeront 
globes.  The  outside  diameter  of  the  innermost 
ring  is  184,000  miles,  and  its  breadth  20,000 
miles,  or  about  2)2  times  broader  than  the  diame- 
ter of  the  earth.  Tlie  dark  space,  or  interval 
between  the  two  rings,  is  2800  miles.  The 
breadth  of  both  the  rings,  including  the  dark 
space  between  them,  is  thirty  thousand  miles, 
which  is  equal  to  the  distance  of  the  innermost 
ring  from  the  body  of  Saturn. 

The  foUovviug  figure  represents  a  view  of  Sa- 
turn and  his  rings,  as  they  would  appear  were  our 
eye  perpendicular  to  one  of  the  planes  of  those 
rings;  but  our  eye  is  never  so  much  elevated 
above  either  plane  as  to  have  the  visual  ray  stand- 
ing at  right  angles  to  it:  it  is  never  elevated  more 
than  30  degrees  above  the  planes  of  the  rings 

22. 


When  we  view  Saturn  through  a  telescope,  we 
always  see  the  ring  at  an  oblique  angle,  so  that  it 
appears  of  an  oval  form,  the  outward  circular 
ring  being  projected  into  an  ellipsis  more  or  less 
oblong,  according  to  the  different  degrees  of  obli- 
quity with  which  it  is  viewed,  as  will  be  seen  in 
the  Frontispiece. 

These  rings  cast  a  deep  shadow  upon  the 
planet,  which  proves  that  they  are  not  shining 
fluids,  but  composed  of  solid  matter.  They  appear 
to  be  possessed  of  a  higher  reflective  power  than 
the  surface  of  Saturn:  as  the  light  reflected  by 
them  is  more  brilliant  than  that  of  the  planet. 


One  obvious  use  of  this  double  ring  is,  to  reflec* 
light  upon  the  planet  in  the  absence  of  the  sun: 
in  all  probability,  it  also  serves  as  an  ample  habi- 
tation for  myriads  of  sensitive  and  intelligent 
beings;  for  the  surfaces  of  the  two  rings  contain 
no  less  than  228  millions  of  square  miles,  or 
about  600  times  more  than  all  the  habitable  parts 
of  our  globe,  and  it  is  not  likely  that,  in- the  wise 
arrangements  of  the  Creator,  such  an  immense 
space  would  be  left  destitute  of  inhabitants:  what 
other  purposes  it  may  be  intended  to  subserve,  in 
the  system  of  Saturn,  is  at  present  to  us  unknown. 
The  sun  illuminates  one  side  of  it  oaring  fifteen 
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years,  or  one  half  of  the  period  of  the  planet's 
revolutionj  and,  during  the  next  fifteen  years,  the 
other  side  is  enlightened  in  its  turn.  Twice  in 
the  course  of  thirty  years,  there  is  a  short  period, 
during  vvhicli  neither  side  is  enlightened,  and 
when,  of  course,  it  ceases  to  be  visible; — namely, 
at  the  time  when  the  sun  ceases  to  shine  on  one 
iide,  and  is  about  to  shine  on  the  other.  It 
revolves  round  its  axis,  and  consequently  aronnd 
Saturn,  in  tan  hours  and  a  half,  which  is  at  the 
rate  of  a  thousand  miles  in  a  minute,  or  rifty-eight 
times  swifter  than  the  earth's  equator.  Wlien 
viewed  from  the  middle  zone  of  the  planet,  in  the 
absence  of  the  sun,  the  rings  will  appear  like  vast 
luminous  arches,  extending  along  the  canopj  of 
heaven,  from  the  eastern  to  the  western  horizen; 
having  an  apparent  breadth  equal  to  a  liundri'd 
times  the  apparent  diameter  of  our  moon,  and 
will  be  seen  darkened  about  the  middle,  by  the 
shadow  of  Saturn.* 

Ther^  is  no  other  planet  in  the  Solar  system, 
whose  firmament  will  present  such  a  variety  of 
splendid  and  magnificent  objects,  as  that  of  Sa- 
turn. The  various  aspects  of  his  seven  moons, 
one  rising  above  the  horizon,  while  another  is 
setting,  and  a  third  approaching  to  tlie  meridian; 
one  entering  into  an  eclipse,  and  another  emer- 
ging from  it;  one  appearing  as  a  crescent,  and 
another  with  a  gibbous  phase;  and  sometimes  the 
whole  of  tliein  shining  in  the  same  hemisphere, 
in  one,  bright  assemblage; — the  majestic  motions 
of  the  rings, — at  one  time  illuminating  the  sky 
with  tlieir  splendor,  and  eclipsing  the  stars;  at 
another,  casting  a  deep  shade  over  certain  regions 
of  the  planet,  and  unvailing  to  view  the  wonders  of 
the  starry  firmament — are  scenes  worthy  of  tbe  ma- 
jesty of  the  Divine  Being  to  unfold,  and  of  rational 
creatures  to  contemplate.  Such  magnificent  dis- 
plays of  Wisdom  and  Omnipotence,  lead  us  to  con- 
clude that  the  numerous  splendid  objects  connected 
with  tiii.-;  planet,  were  not  created  merely  to  shed 
their  luster  on  nalied  rocks  and  barren  sands;  but 
that  an  immense  population  of  intelligent  beings 
is  placed  in  those  regions,  to  enjoy  the  bounty 
and  to  adore  the  perfections  of  their  great  Creator. 
The  double  ring  of  Saturn,  when  viewed 
througli  a  good  telescope,  generally  appears  like 
a  luminous  handle  on  each  side  of  the  planet, 
with  a  dark  interval  between  the  interior  edge  of 
the  ring,  and  the  convex  body  of  Saturn;  which 
is  owing  to  its  oblique  position  with  respect  to 
our  line  of  vision.  When  its  outer  edge  is  turned 
directly  toward  the  earth,  it  becomes  invisible,  or 
appears  like  a  dark  stripe  across  the  disc  of  the 
planet  as  it  did  in  1832.  This  phenomenon  hap- 
pens once  every  fifteen  years. 

The  Planet  Herschel. — This  planet,  which  is 
also  known  by  the  names  of  the  (^eoryium  Sidus, 
and  Uranus,  was  discovered  by  Sir  W.  Herschel 
on  the  I3tli  of  March,  1781.  It  is  the  most  dis- 
tant planet  from  the  sun  that  has  yet  been  dis- 
covered ;    being   removed   at   no   less  than  1800 


•  See  the  Frontispiece,  Fig  7,  which  represents  a  view  of 
the  appearance  which  the  rings  and  moons  of  l^aturn  will 
exhibit,  in  certain  cases,  about  midnight,  when  beheld  from 
a  point  20  or  ','.0  degrees  north  from  hi^  equator.  The  siiade 
on  tlie  upper  part  of  the  rings  represents  the  shadow  of  the 
body  of  Saturn.  This  shadow  will  appear  to  move  gradu- 
ally to  the  west  as  the  morning  approaches. — From  obser- 
vations which  were  made  some  time  ago  by  Captain  Katcr, 
Professor  Quetelet,  and  others,  it  has  been  surmised  that 
tlie  outer  ring  of  Saturn  is  divided  into  several  smaller  rings, 
Kater  states,  that  he  "saw  the  outer  ring  separated  by 
numerous  dark  divisions  extremely  close,  one  stronger  than 
the  rest  dividing  the  ring  al^out  equally."  Such  surmises, 
however,  reiiuire  to  be  contirmed  by  subsequent  observa- 
tious 


millions  of  miles  from  that  luminary,  which  is 
nineteen  times  farther  than  the  earth  is  from  the 
sun — a  distance  so  great,  that  a  canton  ball,  fly- 
ing at  the  rate  of  480  miles  an  hour,  wotild  not 
reach  it  in  400  years.  Its  diameter  is  about  35,- 
000  miles;  and  of  course,  it  is  about  eighty  times 
larger  than  the  earth.  It  appears  like  a  star  of 
the  sixth  magnitude;  but  can  seldom  be  distin- 
guished b'y  the  naked  eye.  Pt  takes  about  83 
years  and  a  half  to  complete  its  revolution  round 
the  sun;  ancl,  thougii  it  is  the  slowest  moving 
body  in  the  system,  it  moves  at  the  rate  of  15,000 
miles  an  hour.  As  the  degree  of  sensible  heat  in 
any  planet  does  not  appear  to  depend  altogether 
on  its  nearness  to  the  sun,  the  temperature  of  this 
planet  may  be  as  mild  as  that  which  obtains  in 
the  most  genial  climate  of  our  globe.*  The 
diameter  of  the  sun,  as  seen  from  Herschel,  is 
little  more  Uian  the  apparent  diameter  of  Venus 
as  seen  by  the  naked  eye;  and  the  light  which  it 
receives  from  that  luminary,  is  360  times  less 
than  what  we  experience;  yet  this  proportion  is 
found  by  calcitlation  to  be  equal  to  the  efiect 
which  would  be  produced  by  248  of  our  full 
moons;  and,  in  the  absence  of  the  sun,  there  are 
six  moons  which  reiieet  light  upon  this  distant 
planet,  all  of  which  were  discovered  likewise  by 
Sir  W.  Herschel.  Small  as  the  proportion  of 
light  is  which  this  planet  receives  from  the  sun, 
it  is  easy  to  conceive,  that  beings  similar  to  man, 
placed  on  the  surface  of  this  globe,  with  a  slight 
modification  of  their  organs  of  vision,  might  be 
made  to  perceive  objects  with  a  clearness  and 
distinctness  eveti  superior  to  what  we  can  do. 
We  have  only  to  suppose,  that  the  Creator  has 
formed  their  eyes  with  pupils  capable  of  a  much 
larger  expansion  than  ours;  and  has  indued  their 
retina  with  a  much  greater  degree  of  nervous 
sensibility.  At  all  events,  we  may  rest  assured, 
that  He  who  has  placed  sentient  beings  in  any 
region,  has,  by  laws  with  which  we  are  partly 
unacquainted,  adapted  the  constitution  of  the  in- 
habitant to  the  nature  of  the  habitation. 

"  Strange  and  amazing  must  the  ditTerence  be 
'Twi.xt  this  dull  planet  and  bright  JSlcrcury! 
Yet  reason  says,  nor  can  we  doubt  at  all. 
Millions  of  beings  dwell  on  either  ball, 
With  constitutions  fitted  lor  that  spot 
Where  Providence,  all-wise,  has  fixed  their  lot." 

The  celestial  globes  which  I  have  now  described, 
are  all  the  planets  which  are  at  present  known  to 
belong  to  the  Solar  system.  It  is  probable  that 
other  planetary  bodies  may  yet  be  discovered  be- 
tween the  orbits  of  Saturn  and  Herschel,  and  even 
far  beyond  the  orbit  of  the  latter;  and  it  is  also 
not  improbable,  that  planets  may  exist  in  the 
immense  interval  of  37  millions  of  miles  between 
Mercury  and  the  Sun.f  These  (if  any  exist)  can 
be  detected  only  by  a  series  of  day  observations, 
made  with  equatorial  telescopes;  as  they  cotild 
not  be  supposed  to  be  seen,  after  sunset,  on 
account  of  their  proximity  to  the  sun.  Five 
primary^  planets,  and  eight  secondaries,  have  been 


*  See  Note,  p.  81. 

tThe  Author,  some  years  ago,  described  a  method  by 
which  the  planets  (if  any)  witinn  the  orbit  of  Mercury,  may 
be  discovered  in  the  day-time,  by  means  of  a  simjile  con- 
trivance for  intercepting  the  solar  rays,  and  the  frequent 
application,  by  a  number  of  ol)ser\ers,  of  powerful  telescopes, 
to  a  certain  portion  of  the  sky,  in  the  vicinity  of  the  sun. 
The  details  of  this  plan  h:ive  uot  yet  been  published:  but 
I  be  reader  will  see  them  alluded  to,  in  No.  V  of  the  Edin- 
burgh Philosophical  .lournal,  for  July,  18l'0,  p.  191. 

t  A  priviarij  planet  is  that  which  revolves  round  the  sun 
as  a  center  ;  as  Mars,  Jupiter,  and  Saturn.  A  secondary 
planet  is  one  which  revolves  round  a  primary  planet  as  its 
center;  as  the   Moon,   and  tlie   s-Uellites   of  Jupiter  and 
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discovered  within  the  last  60  years;  and,  therefore, 
we  liave  no  reason  to  conclude,  that  all  the  bodies  be- 
longing to  our  system  have  yet  been  detected,  until 
every  region  of  the  heavens  be  more  fully  explored. 

Comets. — Beside  the  planetary  globes  to  which 
I  have  now  adverted,  there  is  a  class  of  celestial 
bodies  which  occasionally  appear  in  the  heavens, 
to  which  the  name  of  Comets  has  been  given. 
They  are  distinguished  from  the  other  celestial 
bodies,  by  their  ruddy  appearance,  and  by  a  long 
train  of  light,  called  tlie  tail,  which  sometimes 
extends  over  a  considerable  portion  of  the  heavens, 
and  which  is  so  transparent  that  the  stars  may  be 
Situ,  through  it.  The  tail  is  always  directed  to 
that  part  of  the  lieavens  which  is  opposite  to  the 
sun,  and  increases  in  size  as  it  approaches  him, 
and  is  again  gradually  diminished,  as  the  comet 
flies  off  to  the  more  distant  regions  of  space. 
Their  apparent  magnitude  is  very  diiierent:  some- 
times tiiey  appear  only  of  the  bigness  of  the  fixed 
stars;  at  other  times  they  equal  the  diameter  of 
Venus;  and  sometimes  they  have  appeared  nearly 
as  large  as  the  Moon.  They  traverse  the  heavens 
in  all  directions,  and  cross  the  orbits  of  the  planets. 
When  examined  through  a  telescope,  they  appear 
to  consist  of  a  dark  central  nucleus,  surrounded 
by  a  dense  atmosphere,  or  mass  of  vapors.  Tlii-y 
have  been  ascertained  to  move  in  long  narrow 
ellipses  or  ovals,  around  the  sun;  some  of  them, 
on  tiieir  nearest  approach  to  him,  having  been 
within  a  million  of  miles  of  his  center:  and  then 
fly  off  to  a  region  several  thousands  of  millions 
of  miles  distant.  When  near  the  sun,  they  move 
with  amazing  velocity.  The  velocity  of  the  comet 
which  appeared  in  16S0,  according  to  Sir  Isaac 
Newton's  calculation,  was  880,000  miles  an  hour. 
They  appear  to  be  bodies  of  no  great  density,  and 
their  size  seldom  exceeds  that  of  the  moon.  The 
length  of  the  tails  of  some  comets  has  been  esti- 
mated at  fifty  millions  of  miles.  According  to  Sir 
W.  Herschel's  computations,  the  solid  nucleus,  or 
central  part  of  the  comet  which  appeared  in  1811, 
was  oidy426  miles  in  diameter;  but  the  real  diam- 
eter of  the  head  or  nebulous  portion  of  the  comet, 
he  con^pnted  to  be  about  127,000  miles.  The  length 
of  its  tail  he  computed  to  be  above  one  hundred 
millions  of  miles,  and  its  breadth  nearly  fifteen 
millions.  It  was  nearest  to  the  earth  on  the  11th 
October,  when  its  distance  was  113  millions  of 
miles.  The  number  of  comets  which  have  occa- 
eionally  been  seen  within  the  limits  of  our  system, 
since  the  commencement  of  the  Christian  era,  is 
about  500,  of  which  the  paths  or  orbits  of  more 
tlian  a  hundred  have  been  calculated. 

As  these  bodies  cross  the  paths  of  the  planets  in 
every  direction,  there  is  a  possibility  that  some  of 
them  might  strike  against  the  earth  in  their 
approach  to  the  sun;  and,  were  this  to  happen, 
the  consequences  would  be  awful  beyond  descrip- 
tion. But  we  may  rest  assured  that  that  Almighty 
Being  who  at  first  launched  them  into  existence 
directs  all  their  motions,  however  complicated; 
and  that  the  earth  shall  remain  secure  against  all 
euch  concussions  from  celestial  agents,  until  the 
purposes  of  his  moral  government  in  this  world 
shall  be  fully  accomplished.  What  regions  these 
bodies  visit,  wlien  they  pass  beyond  the  limits  of 
our  view;  upon  what  errands  they  are  sent;  when 
they  again  revival  ll)e  central  parts  of  our  system; 
what  is  the  difference  in  their  physical  constitu- 
tion, from  that  of  the  sun  and  planets;  and  what 
important  ends  they  are  destined  to  accomplish  in 


Saturn.  The  primary  planets  are  dUtinwuisheil  from  the 
fixed  stars,  by  the  steadiness  of  their  lifrhl  ;  not  havihg  a 
beinkliug  appearance,  as  the  stars  exhibit. 


I  the  economy  of  the  universe;  are  inquiries  which 
'  naturally  arise  in  the  mind,  but  which  surpass  the 
limited  powers  of  the  human  understanding  al 
j  present  to  determine.  Of  this,  however,  we  may 
'  rest  assured,  that  they  were  not  created  in  vain; 
I  that  they  subserve  purposes  worthy  of  the  infinite 
Creator;  and  that,  wherever  he  has  exerted  hia 
j  power,  there  also  he  manifests  his  wisdom  and 
I  beneficence.* 

j      Such  is  a  general  outline  of  the  leading  fact* 
!  connected  with  that  system  to  which  our  earth 
I  belongs.     Though  the  energies  of  Divine  Power 
[  liad  never  been  exerted  beyond  the  limits  of  this 
I  system,  it  would  remain  an  eternal  monument  of 
j  the   Wisdom   and   Omnipotence   of    its   Author. 
I  Independently  of  the  Sun,  which  is  a  vast  universe 
in  itself,  and  of  the  numerous  comets  which  are 
continually  traversing  its  distant  regions,  it  con- 
tains a  mass  of  material  existence,  arranged  in  the 
most  beautiful  order,  two  thousand  five  hundred 
times  larger  than  our  globe.     From  late  observa- 
tions, there  is  the  strongest   reason  to  conclude 
that  the  sun,  along  with  all  this  vast  assemblage 
of  bodies,  is  carried  through  the    regions  of  the 
universe  toward  some  distant  point  of  space,  or 
around  some  wide  circumference,  at  the  rate  of 
more  than  sixty  thousand  miles  an  hour;  and  if 
so,  it  is  highly  probable,  if  not  absolutely  certain, 
that  wo  shall  never  again  occupy  that  portion  of 
absolute  space  through  which  we  are  this  moment 
passing  during  all  the  succeeding  ages  of  eternity. 
Such  a  glorious  system  must  have  been  brought 
into  existence,  to  subserve  purposes  worthy  of  the 

*Tlie  periodical  revolutions  of  the  greater  number  of 
comets  are  accomplished  only  in  long  periods  of  time  ;  some 
of  Ihem  requiring  hundreds  and  even  thousands  of  years  to 
finish' their  circuits.  But,  of  late  years,  two  comets  havo 
been  discovered  whose  periodic  revolutions  are  exiremelj 
short. — These  are,  1st.  The  comet  of  Eiickc,  whose  periodic 
revolution  is  only  1200  days,  or  3  years  and  three-tenths 
and  becomes  visible  ten  times  in  33  years.  It  was  discov 
ered  at  Marseilles,  by  M.  Pons,  on'the  2Sth  November 
18!S,  and  soon  after  M.  Encke  of  Berlin  d'Herrained  it« 
period  by  incontestable  calculations.  This  comet  has  sinci 
regularly  made  its  appearance.  It  was  seen  in  Australia  in 
June,  3822,  and  since  that  time  in  Europe,  in  182.5,  1828 
1332,  1S35,  and  1838.  This  comet  is  very  small  ;  its  lijht  it 
feeble  ;  it  has  no  tail,  and  it  is  invisiDle  to  the  mlced  eye, 
except  in  very  favorable  circumstances. — The  other  comet 
to  which  we  allude  is  distinguished  by  the  name  of  Biela't 
and  sometimes  Gambart'ji  comet.  This  comet  was  first  per- 
ceived at  Johanisberg,  on  the  27th  of  Februarv,  IKO,  by  M. 
Biela,  and  ten  days  after  by  >T.  Gamhart,  at  Marseilles,  wh6 
CMlculaleJ  its  orbit,  and  determined  the  period  of  its  revoln- 
tion  to  be  2160  days,  or  nearly  0*4  years.  The  predicted 
appearance  of  this  comet  in  1832  produced  considerabU 
alarm  on  the  continent,  particularly  in  France  ;  as  some 
German  journalists  had  predicted  that  it  would  cross  the 
earth's  orbit  near  the  point  at  which  the  earth  would  be  at 
that  time,  and  cause  the  destruction  of  our  globe.  This 
comet  is  a  small  body  without  a  tail,  or  any  appearance 
whatever  of  a  solid  nucleus,»and  is  not  distinguisiiahle  by 
the  naked  eye.  It  is  not  improbable  that  the  observations 
which  may  hereafter  be  made  on  these  comets,  whose  return 
is  so  freriuent,  will  lead  to  more  definite  and  accurate  views 
of  the  nature  and  destination  of  these  singular  bodies.  The 
only  other  comet  whose  period  is  determined  is  that  which 
is  known  by  the  name  of  Hallcii's  com,et.  This  comet  was 
observed  by  Dr.  Halley  in  1082,  and,  on  calculating  its  ele- 
ments, he  was  led  to  conclude  that  it  was  identical  with  the 
great  ujiuets  of  1-1.50,  1-531,  and  1607  ;  and  that  its  jieriod  is 
75  or  76  years.  He  accordingly  ventured  to  predict  that  it 
would  again  return  about  the  latter  part  of  17.58  or  the 
beginning  of  1T59.  It  actually  reappeared  near  the  end  of 
December,  17.58,  and  arrived  at  its  perihelion  on  the  13th 
March,  1759  ;  and  it  again  made  its  appearance,  aecordin<» 
to  prediction,  in  September  and  October,  1835,  havin"  been 
seen  in  the  particular  positions  previously  predicted,  a  con- 
siderable time  before  it  was  visible  to  the  naked  eye.  The 
appearance  of  this  comet,  so  near  the  time  predicted  by 
astronomers,  is  a  clear  proof  of  the  accuracy  which  has 
been  introduced  into  astronomical  calculations,  and  the 
soundness  of  the  principles  on  which  astronomers  proceed. 
This  circumstance  likewise  shows  us  that  comets  in  general 
are  permanent  bodies  belonging  to  that  system  of  which  wa 
form  a  part. 
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Infinite  Wisdom  and  Benevolence  of  the  Creator. 
To  suppose  tlmt  tlie  distant  globes  of  which  it  is 
composed,  with  their  magnificent  apparatus  of 
Rings  and  Moons,  were  created  merely  for  the 
purpose  of  ufibrding  a  few  astronomers,  in  tliese 
latter  times,  a  peep  of  them  through  their  glasses, 
would  be  inconsistent  with  every  principle  of 
reason;  and  would  be  charging  Him  who  is  the 
Source  of  Wisdom  with  conduct  which  we  would 
pronounce  lo  be  folly  in  the  sons  of  men.  Since 
it  appears,  so  far  as  our  observation  extends,  that 
matter  exists  only  for  the  sake  of  sensitive  and 
intelligent  beings,  and  that  the  Creator  made 
nothing  in  vain — it  is  a  conclusion  to  which  we 
are  necessarily  led,  that  the  planetary  globes  are 
inhabited  by  various  orders  of  intellectual  beings, 
who  participate  in  the  bounty  and  celebrate  the 
glory  of  their  Creator. 

When  this  idea  is  taken  into  consideration,  it 
gives  a  striking  emphasis  to  such  sublime  decla- 
rations of  the  Sacred  Volume  as  these: — "All 
nations  before  him  are  as  nothing — He  sitteth 
upon  the  circle  of  the  earth,  and  the  inhabitants 
tliereof  are  as  grasshoppers — The  nations  are  as 
the  drop  of  a  bucket — All  the  inhabitants  of  the 
world  are  reputed  as  nothing  in  his  sight;  and  he 
doth  according  to  his  will  in  the  armies  of  heaven 
and  among  the  inhabitants  of  the  earth — Thou 
hast  made  heaven  and  the  heaven  of  heavens, 
with  all  their  hosts;  and  thou  preservest  them  all; 
and  the  host  of  heaven  worsJtipeth  thee — When  I 
consider  thy  heavens,  what  is  man  that  thou  art 
mindful  of  him  I  "  If  the  race  of  Adam  were 
the  principal  intelligences  in  tlie  universe  of  God, 
Buch  passages  would  be  stripped  of  all  their  sub- 
limity, would  degenerate  into  mere  hyperboles, 
^nd  be  almost  without  meaning.  If  man  were 
the  only  rational  being  who  inhabited  the  material 
WORLD,  as  some  arrogantly  imagine,  it  would  be 
no  wonder  at  all  that  God  should  be  "  mindful  of 
aim,"  nor  could  "all  the  inhabitants  of  this 
world,"  with  any  propriety,  be  compared  to  "  a 
drop  of  a  bucket,"  and  be  •'  reputed  as  nothing  in 
his  sight." — Such  declarations  would  be  contrary 
to  fact,  if  this  supposition  were  admitted;  for  it 
assumes  that  man  holds  the  principal  station  in 
tlie  visible  universe.  The  expressions  —  "The 
heavens,  the  heaven  of  heavens,"  and  "  the  host 
of  heaven  worshiping  God,"  would  also,  on  this 
supposition,  degenerate  into  sometiiing  approach- 
ing to  mere  inanity.  These  expressions,  if  they 
signify  anything  that  is  worthy  of  an  Inspired 
Teacher  to  communicate,  evidently  imply  that 
tlie  universe  is  vast  and  extensive,  beyond  the 
range  of  human  comprehension — that  it  is  pe«j- 
pled  with  myriads'  of  inhabitants — that  these 
inhabitants  are  possessed  of  intellectual  natures, 
capable  of  appreciating  the  perfections  of  their 
Creator — and,  that  they  pay  him  a  tribute  of 
rational  adoration:  "  The  host  of  heaven  worship- 
etli  thee."  So  that  the  language  of  Scripture  is 
not  only  consistent  with  the  doctrine  of  a  plurality 
of  worlds,  but  evidently  supposes  their  existence 
to  all  the  extent  to  which  the  discoveries  of  mod- 
ern science  can  carry  us.  However  vast  the 
universe  now  appears — however  numerous  the 
worlds,  and  systems  of  worlds,  which  may  exist 
within  its  boundless  range  —  the  language  of 
Scripture  is  sufficiently  coinprehensive  and  sub- 
lime, to  express  all  the  emotions  which  naturally 
Brse  in  the  mind  when  contemplating  its  struc- 
ture; a  characteristic  which  will  apply  to  no 
other  book,  or  pretended  revelation.  And  this 
consideration  shows  not  only  the  harmony  which 
subsists  between  the  discoveries  of  Revelation  and 
the  discoveries   of    Science,  but  also   forms,  by 


itself,  a  strong  presumptive  evidence  that  uha 
records  of  the  Bible  are  authentic  and  divine  * 

Vast  as  the  Solar  System-  we  have  now  been 
contemplating  may  appear,  it  is  but  a  mere  point 
in  the  map  of  creation.  To  a  spectator  placed  in 
one  of  the  stars  of  the  seventh  magnitude,  not 
only  the  glories  of  this  world,  and  the  more 
resplendent  scenes  of  the  planet  Saturn,  but  even 
the  sun  himself  would  entirely  disappear,  as  if 
he  were  blotted  out  of  existence.  "  Were  tho 
sun,"  says  Mr.  Addison,  "  which  enlightens  this 
part  of  the  creation,  with  all  the  host  of  the 
planetary  worlds  that  move  about  him,  utterly 
extinguished  and  annihilated,  they  would  not  be 
missed  by  an  eye  that  could  take  in  the  whole 
compass  of  nature,  more  than  a  grain  of  sand 
upon  the  sea-shore.  The  space  they  possess  is  so 
exceedingly  little  in  comparison  of  the  whole,  that 
it  wou  d  scarcely  make  a  blank  in  creation." 

The  FiXKD  Stars. — When  we  pass  from  the 
planetary  system  to  other  regions  of  creation,  we 
have  to  traverse,  in  imagination,  a  space  so  im- 
mense, that  it  has  hitherto  baffled  all  the  efTorts 
of  science  to  determine  its  extent.  In  these  re- 
mote and  immeasurable  spaces  are  placed  those 
immense  luminous'  bodies  usually  denominated 
the  fxed  stars.  The  nearest  stars  are,  on  good 
grounds,  concluded  to -be  at  least  twenty  billions 
of  miles  distant  from  our  globe — a  distance  through 
which  light  (the  swiftest  body  in  nature)  could 
not  travel  in  the  space  of  three  years;  and  which 
a  ball,  moving  at  the  rate  of  50U  miles  an  hour, 
would  not  traverse  in  four  millions,  five  hundred 
thousand  years,  or  750  times  the  period  which 
has  elapsed  since  the  Mosaic  creation.  But  how 
far  they  may  be  placed  beyond  this  distance,  no 
astronomer  will  pretend  to  determine.  The  fol- 
lowing consideration  will  prove,  to  those  unac- 
quainted with  the  mathematical  principles  of 
astronomy,  that  the  stars  are  placed  at  an 
immeasurable  distance.  When  they  are  viewed 
through  a  telescope  which  magnifies  objects  a 
thousand  times,  they  appear  no  larger  than  to  the 
naked  eye;  which  circumstance  shows,  that 
though  we  were  placed  at  the  thousandth  part  of 
the  distance  from  them  at  which  v/e  now  are,  they 
would  still  appear  only  as  so  manj-  shining  points; 
for  we  should  still  be  distant  from  t!ie  nearest  of 
them,  twenty  thousand  millions  of  miles:  or,  in 
other  words,  were  we  transported  several  thau- 
sands  of  millions  of  miles  from  the  sj)ot  we  now 
occupy,  though  their  numbers  would  appear 
exceedingly  increased,  they  would  appear  no 
larger  than  they  do  from  our  present  station;  and 
we  behooved  to  be  carried  forward  thousands  of 
millions  of  miles  farther  in  a  long  succession, 
before  tlieir  discs  appeared  to  expand  into  large 
circles  like  the  moon.  Sir  W.  Herschel  viewed 
the  stars  with  telescopes  magnifying  from  one  to 
tioo  or  three  thousand  times,  yet  they  still  appeared 
only  as  brilliant  points,  without  any  sensible  discs 
or  increase  of  diameter.  This  circumstance  in- 
contestably  proves  the  two  following  things:  1, 
That  the  stars  are  luminous  bodies,  which  shine 
by  their  own  native  light;  otherwise'  they  could 
not  be  perceived  at  such  vast  distances.  2.  That 
they  are  bodies  of  an  immense  size,  not  inferior 
to  the  sun;  and  many  of  them,  it  is  probable,  far 
exceed  that  luminary  in  bulk  and  splendor.f 


*  See  Appendix,  Note  VI. 

t  Professor  Bessel  of  Koni<;sberj  appears  to  have  lately  as- 
cerlaineJ  the  annual  parallax  of  the  star  61  Cygni,  which  he 
has  determined  to  he  somewhat  less  than  one-third  of  a  sec- 
ond, and  consequently  its  distance  must  he  62,431,500,000,000, 
or  sixty-two  billions,  font  hundred  and  eighty-one  thousand 
five  hundred  millions  of  miles — a  distance  which  lisht,  swift 
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For  the  conveniency  of  reference  to  particular 
objects  and  regions  in  the  heavens,  the  stars  have 
been  arranged  into  different  groups  and  constella- 
tions. The  number  of  constellations  recognized 
by  modern  astronomers  is  about  94;  of  which  12 
are  contained  in  the  Zodiac,  or  that  zone  in  the 
heavens  in  which  the  sun,  moon,  and  planets  are 
seen  to  perform  tiieir  real  or  apparent  revolutions; 
35  are  reckoned  North  of  the  zodiac,  and  47  to  the 
South,  called  the  Northern  and  Southern  constel- 
lations. These  constellations  are  generally  de- 
picted on  celestial  globes  and  planispheres,  as  if 
they  were  represented  by  various  animals  and 
hieroglyphic  objects,  which  give  such  exhibitions 
of  the  heavens  a  very  grotesque  and  unnatural 
appearance.  Wo  have  therefore  given,  in  the 
following  cut   (fig.  23),  a  representation  of  the 


constellation  Orion,  with  the  adjacent  stars,  on  a 
more  simple  and  natural  plan,  to  show  the  man- 
ner in  which  the  celestial  constellations  miglit  be 
depicted  on  globes  and  planispheres,  so  as  to  make 
them  resemble  as  much  as  possible  their  appear- 
ance in  the  heavens.  This  constellation  makes  a 
splendid  appearance  in  the  southern  parts  of  the 
heavens  during  our  winter  months.  The  two 
large  stars  near  the  top  toward  the  left,  are  Betel- 
guese  and  Bellatriz;  the  three  equidistant  stars,  ' 
near  the  middle,  are  Orion's  belt,  called  in  the 
book  of  Job,  the  "bands  of  Orion."  The  largo 
star,  near  the  bottom,  on  the  right,  is  Riyel,  a  star 
of  the  first  magnitude.  A  white  line  is  drawn 
around  this  constellation  to  define  ils  boundaries, 
and,  in  this  way  the  form  and  limits  of  all  the 
other  constellations  might  be  distinguished. 


Fig.  23. 
NORTH. 


SOUTH. 


Tlie  stars,  on  account  of  the  difference  in  their 
apparent  magnitudes,  have  been  distributed  into 
several  classes  or  orders.  Those  which  appear 
largest  are  called  stars  of  the  first  magnitude  ; 
next  to  those  in  luster,  stars  of  the  second  magni- 
tude, and  so  on  to  stars  of  the  sixth  magnitude, 
which  are  the  smallest  that  can  be  distinguished 
by  the  naked  eye.  Stars  of  the  seventh,  eighth, 
ninth,  tenth,  &c.,  magnitudes,  which  cannot  be 
seen  by  the  naked  eye,  are  distinguished  by  the 


as  its  motion  is,  would  require  10  ye.nrs  and  114  days  to  fly 
across  this  mighty  interval  ;  and  a  cannon  ball,  moving  5(10 
miles  every  hour, "would  require  fourteen  millions,  two  hun- 
dred and  (\k-"  thousand  years  before  it  could  move  across 
the  same  interval.— For  a  more  detailed  account  of  this 
discovery  of  Bessel,  the  reader  is  referred  to  the  author's 
/olome  entitled  "  Sidereal  Heavens." 


name  of  the  telescopic  stars.  Not  more  than  a 
thousand  stars  can  be  distinguished  by  the  naked 
eye  in  the  clearest  winter  night;  but  by  means  of 
the  telescope,  millions  have  been  discovered.* 
And  as  it  is  probable,  that  by  far  the  greater  part 
lie  beyond  the  reach  of  the  best  glasses  which 
have  been,  or  ever  will  be,  constructed  by  man — 
the  real  number  of  the  stars  may  be  presumed  to 
be  beyond  all  human  calculation  or  conception, 
and  perhaps  beyond  the  grasp  of  angelic  com- 
prehension. 

In  consequence  of  recent  discoveries,  we  have 
now  the  strongest  reason  to  believe,  that  all  the 
stars  in  the  universe  are  arranged  into  clusters,  or 
groups,   which   astronomers  distinguish  by   the 


>  See  page  21. 
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name  of  Nebula,  or  Starry  Systems,  each  ne- 
bula consisting  of  many  thousands  of  stars.  The 
nearest  nebula  is  that  whitish  space  or  zone  which 
is  known  by  the  name  of  the  Milky  Way,  to  which 
our  sun  is  supposed  to  belong.  It  consists  of 
many  hundreds  of  tliousands  of  stars.  When  Sir 
W  Herschel  examined  this  region  with  his  power- 
ful telescopes,  he  found  a  portion  of  it,  only  fif- 
teen degrees  long,  and  two  broad,  which  contain- 
ed ffty  thousand  stars  large  enough  to  be  distinct- 
ly counted;  and  he  suspected  twice  as  many  more, 
which,  for  want  of  sulhcient  light  in  his  telescope, 
he  saw  only  now  and  then.  More  than  three 
thousand  nebulee  have  already  been  observed;  and, 
if  each  of  them  contain  as  many  stars  as  the 
Milky  Way,  several  hundreds  of  millions  of  stars 
must  exist,  even  within  that  portion  of  the  heav- 
ens which  lies  open  to  our  observation.  Beside 
those  Nebulae  which  are  resolvable  into  stars  by 
telescopes,  there  are  nebulous  bodies  in  the  heav- 
ens, of  vast  extent,  such  as  the  nebula  in  the 
sword  of  Orion,  which  the  most  powerful  tele- 
scopes have  hitherto  been  unable  to  resolve  into 
stars.  These  are  found  in  diiferent  degrees  of 
condensation — from  the  resemblance  of  an  irre- 
gular dusky  cloud  to  the  appearance  of  a  well- 
defined  body  of  faintish  light,  condensed  to  a 
bright  spot  in  the  center.  They  appear  to  be  a 
species  of  fine  luminous  matter,  distinct  from  stars 
and  planets,  diffused  in  immense  masses  through- 
out the  spaces  of  the  universe.  It  is  an  opinion 
now  generally  entertained  that  these  self-luminous 
portions  of  niatter  are  the  chaotic  materials  out 
of  which  new  suns  and  worlds  may  be  formed 
under  the  superintendence  of  Omnipotence — and 
that  each  mass  of  thi'S  substance  is  gradually  con- 
centrating itself  by  the  effect  of  its  awn  gravity, 
and  of  the  circular  motions  of  which  it  is  suscep- 
tible—  into  denser  masses,  so  as  ultimately  to 
effect  the  arrangement  and  establishment  of  side- 
real systems. 

It  appears,  from  numerous  observations,  that 
various  changes  are  occasionally  taking  place  in 
the  regions  of  the  stars.  Several  stars  have  ap- 
peared for  a  while  in  the  heavens,  and  then 
vanished  from  the  sight.  Some  stars  which  were 
known  to  the  ancients,  cannot  now  be  discovered: 
and  stars  are  now  distinctly  visible,  which  were  to 
them  unknovv'n.  A  few  stars  have  gradually  in- 
creased in  brilliancy,  while  others  have  been  con- 
stantly diminishing  in  luster.  Certain  stais,  to 
the  number  of  fifteen  or  upwards,  are  ascertained 
to  have  a  periodical  increase  and  decrease  of  their 
luster,  sometimes  appearing  like  stars  of  the  first 
or  second  magnitude,  sometimes  diminishing  to 
the  size  of  the  fourth  o&  fifth  magnitude,  and 
sometimes  altogether  disappearing  to  the  nalied 
eye.  The  late  discoveries  respecting  douhle  and 
triple  stars  are  particularly  worthy  of  attention. 
Some  stars,  which,  to  the  naked  eye,  appear  single, 
when  examined  by  good  telescopes,  are  found  to 
consist  of  two,  three,  or  more  stars.  In  reference 
to  douhle  stars,  one  of  the  two  is  generally  consi- 
derably smaller  than  the  other,  and  it  is  now  as- 
certained that,  in  many  instances,  the  smaller  star 
has  a  circular  or  elliptical  motion  around  the 
larger.  About  6000  double  stars  have  already 
been  detected;  and  between  40  and  50  of  these 
bodies  have  been  ascertained  beyond  doubt  to 
form  revolving  systems.  Some  of  these  require 
1600,  others  1200,  and  others  about  452  years  to 
complete  their  revolutions;  while  some  others 
finish  their  circuits  in  the  short  periods  of  55,  43, 
and  even  30  years.  So  that  here  we  have  Suns 
revolving  around  suns,  and  systems  of  worlds 
revolving   around  svstems  of  worlds,  in  various 


combinations,  throughout  the  tracts  of  immensity. 
It  also  appears  that  changes  are  taking  place 
among  the  Nebuls — that  several  nebulae  are 
formed  by  the  decomposition  of  larger  nebulae, 
and  that  many  nebulae  of  this  kind  are  at  present 
detaching  themselves  from  the  nebulae  of  the 
Milky  Way.  These  changes  seem  to  indicate, 
that  mighty  movements  and  vast  operations  are 
continually  going  on  in  the  distant  regions  of 
creation,  under  the  superintendence  of  the  Sove- 
reign of  the  Universe,  upon  a  scale  of  magnitude 
and  grandeur  which  overwhelms  the  human  un- 
derstanding. 

To  explore  more  extensively  the  region  of  the 
starry- firmament;  to  mark  the  changes  that  are 
taking  place;  to  ascertain  all  the  changeable  stars; 
to  determine  the  periodical  variations  of  their 
light;  the  revolutions  of  double  and  triple  stars; 
and  the  motions  and  other  phenomena  peculiar 
to  these  great  bodies — will  furnish  employment 
for  future  enlightened  generations;  and  will  per- 
haps form  a  part  of  the  studies  and  investigations 
of  superior  intelligences,  in  a  higher  sphere  of 
existence,  during  an  indefinite  lapse  of  ages. 

If  every  one  of  these  immense  bodies  be  a  Sun, 
equal  or  superior  to  ours,  and  encircled  with  a 
host  of  planetary  worlds,  as  we  have  every  reason 
to  conclude  to  be  the  case,*  how  vast  must  be  the 
extent  of  creation!  how  numerous  the  worlds  and 
beings  which  exist  within  its  boundless  range! 
and  how  great,  beyond  all  human  or  angelic  con- 
ception, must  be  the  Power  and  Intelligence  of 
that  glorious  Being  who  called  this  system  from 
nothing  into  existence,  and  continually  superin- 
tends all  its  movements!  The  mind  is  bewildered 
and  confounded  when  it  attemi)ts  to  dwell  on  this 
subject;  it  feels  the  narrow  limits  of  its  present 
faculties;  it  longs  for  the  powers  of  a  seraph,  to 
enable  it  to  take  a  more  expansive  flight  into  those 
regions  which  "  eye  hath  not  seen; "  and,  while 
destitute  of  these,  and  chained  down  to  this  ob- 
scure corner  of  creation,  it  can  only  exclaim,  in 
the  language  of  inspiration,  "  W  ho  can  by  search- 
ing find  out  God? — Great  is  our  Lord,  and  of 
great  power:  his  understanding  is  infinite! — Great 
and  marvelous  are  thy  works, Lord  God  Almighty! 
— Who  can  utter  the  mighty  acts  of  Jeli0\'ahl 
who  can  show  forth  all  his  praise!" 

After  what  has  now  been  stated  in  relntion  to 
the  leading  facts  of  Astronomy,  it  vrould  be  need- 
less to  spend  lime  in  endeavoring  to  sliow  its 
connection  with  Religion.  It  will  at  once  be  ad- 
mitted, that  all  the  huge  globes  of  luminous  and 
opaque  matter  to  which  we  have  adverted,  are  the 
workmanship  of  Him  "who  is  wonderful  in 
counsel,  and  excellent  in  working;"  and  forma 
part  of  the  dominions  of  that  august  Sovereign, 
"  whose  kingdom  ruleth  over  all."  And  shall  it 
ever  be  insinuated,  that  this  subject  has  no  rela- 
tion to  the  great  object  of  our  adoration?  and  that 
it  is  of  no  importance  in  our  views  of  the  Divinity, 
whether  we  conceive  his  dominions  as  circum- 
scribed within  the  limits  of  little  more  than  25,000 
miles,  or  as  embracing  an  extent  which  compre- 
hends innumerable  worlds!  The  objects  around 
us  in  this  sublunary  sphere,  strikingly  evince  the 
superintendency,  the  wisdom,  and  benevolence  of 
the  Creator:  but  this  science  demonstrates,  beyond 
all  other  departments  of  human  knowledge,  the 
GRANDEUR  and  MAGNIFICENCE  of  his  Operations;  and 
raises  the  mind  to  sublimer  views  of  his  attributes 
than  can  be  acquired  by  the  contemplation  of 
any  other  objects.  A  serious  contemplation  of 
the   sublime    objects  which  Astronomy  ha^  ex- 


•  See  pp.  19,  28. 
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plored,  must  therefore  have  a  tendency  to  inspire 
us  with  profound  veneration  of  the  Eternal  Jeho- 
vah— to  humble  us  in  the  dust  before  his  august 
presence — to  excite  admiration  of  his  condoscen- 
sion  and  grace  in  the  vvorlt  of  redemption — to 
show  us  the  littleness  of  this  world,  and  the  in- 
significancy of  those  riches  and  honors  to  wliich 
ambitious  men  aspire  with  so  much  labor  and 
anxiety  of  mintl — to  demonstrate  the  glory  and 
magniticence  of  God's  universal  kingdom  —  to 
convince  us  of  tiio  infinite  sources  of  varied  feli- 
city which  he  has  in  his  power  to  communicate 
to  holy  intelligences — to  enliven  our  hopes  of  the 
splendors  of  tiiat  "  exceeding  great  and  eter)ial 
weight  of  glory,"  which  will  burst  upon  the 
spirits  of  good  men,  when  they  pass  from  this  re- 
gion of  mortality — and  to  induce  us  to  aspire 
with  more  lively  ardor  after  that  heavenly  world, 
where  the  glories  of  the  Deity,  and  the  magni- 
ficence of  his  works,  will  bo  more  clearly  un- 
folded. 

If,  then,  such  be  the  effects  which  the  objects  of 
astronomy  have  a  tendency  to  produce  on  a  de- 
vout and  enlightened  mind — to  call  in  question 
the  propriety  of  exhibiting  such  views  in  religious 
publications,  or  in  the  course  of  religious  instruc- 
tions, would  be  an  approach  to  impiety,  and  an 
attempt  to  cover  with  a  vail  the  most  illustrious 
visible  displays  of  Divine  glory. — ;^It  forms  a  strik- 
ing evidence  of  the  depravity  of  man,  as  well  as 
of  his  want  of  true  taste,  and  of  a  discernment  of 
what  is  excellent,  that  the  grandeur  of  the  noctur- 
nal heavens,  and  the  perfections  of  Deity  they 
proclaim,  are  beheld  with  so  much  apathy  and 
indifference  by  tiie  bulk  of  mankind.  Though 
"the  heavens  declare  the  glory  of  God,"  in  the 
most  solemn  and  impressive  language,  adapted  to 
the  comprehension  of  every  kindred  and  every 
tribe,  yet  "a  brutish  man  knoweth  not,  neither 
doth  a  fool  understand  this."  They  can  gaze 
upon  these  res])lendent  orbs  with  as  little  emotion 
as  the  ox  that  feeds  on  the  grass,  or  as  the  horse 
that  drags  tlieir  carcasses  along  in  their  chariots. 
They  have  even  attempted  to  ridicule  the  science 
of  the  heavens,  to  caricature  those  who  liave  de- 
voted themselves  to  such  studies,  and  to  treat  with 
an  indifference,  mingled  with  contempt,  the  most 
august  productions  of  Omnipotence.  Such  per- 
sons must  be  considered  as  exposing  themselves 
to  that  Divine  denunciation — "  Because  they  re- 
gard not  the  works  of  Jehovah,  neither  consider 
the  operations  of  his  hands,  he  will  destroy  them, 
and  not  build  them  up."  If  the  structure  of  the 
heavens,  and  the  immensity  of  worlds  and  beings 
which  they  contain,  were  intended  by  the  Creator 
to  adumbrate,  in  some  measure,  his  invisible  per- 
fections, and  to  produce  a  sublime  and  awful  im- 
pression on  the  minds  of  all  created  intelligences,* 
it  must  imply  a  high  degree  of  disrespect  to  the 
Divinity,  willfully  to  overlook  these  astonishing 
scenes  of  Power  and  Intelligence.  It  is  not  a 
matter  of  mere  taste  or  caprice,  whether  or  not 
we  direct  our  thoughts  to  such  subjects,  but  an 
Imperative  duty,  to  which  we  are  frequently 
directed  in  the  word  of  God;  the  willful  neglect  of 
which,  where  there  is  an  opportunity  of  attend- 
ing to  it,  must  subject  us  to  all  that  is  included 
in  the  threatening  now  specified,  if  there  be  any 
meaning  in  languuge. 

That  the  great  body  of  professed  Christians  are 
absolute  strangers  to  the  sublime  sentiments  which 
a  serious  contemplation  of  the  heavens  inspires, 
nmst  be  owing,  in  part,  to  the  minds  of  Christian 
parents  and  teachers  not  having  been  directed  to 


*  See  pp.  21,  24. 


such  subjects,  or  to  the  views  they  entertain  re« 
specting  the  relation  of  such  contemplations  to 
the  objects  of  religion.  In  communicating  reli- 
gious instructions  in  reference  to  the  attributes 
of  God,  the  heavens  are  seldom  referred  to,  except 
in  such  a  vague  and  indefinite  manner  as  can  pro- 
duce no  deep  nor  vivid  impression  on  the  mind; 
and  many  pious  persons  whose  views  have  been 
confined  to  a  narrow  range  of  objects,  have  beeu  _ 
disposed  to  declaim  against  such  studies,  as  if  they 
had  a  tendency  to  engender  pride  and  self-conceit, 
and  as  if  they  were  even  dangerous  to  the  inter- 
ests of  religion  and  piety.  How  very  different 
were  the  feelings  and  the  conduct  of  the  sacred 
writersi  They  call  upon  every  one  of  God's  in- 
telligent offspring  to  "  stand  still  and  consider 
the  wondrous  works  of  the  Most  High;"  and  de- 
scribe the  profound  emotions  of  piety  which  the 
contemplation  of  them  produced  on  their  own 
minds:  "  Lift  up  your  eyes  on  high,  and  behold! 
Who  hath  created  these  things?  The  heaveua 
declare  the  glory  of  God,  and  the  firmament 
showetli  his  handiwork.  When  I  consider  thy 
heavens,  the  work  of  thy  fingers,  the  moon  and 
the  stars,  wliich  thou  hast  ordained;  what  is  man, 
that  thou  art  mindful  of  him?  and  the  son  of 
man,  that  thou  visitest  him?  Thou,  even  thou, 
art  Lord  alone:  thou  hast  made  heaven,  and  the 
heaven  of  heavens,  with  all  their  host,  and  thou 
preservest  them  all;  and  the  hosts  of  heaven  wor- 
ship thee.  All  the  gods  of  the  nations  are  idols; 
but  the  Lord  made  the  heavens;  honor  and  ma- 
jesty are  before  him.  Jehovah  hath  prepared  his 
THRONE  in  the  heavens;  and  his  kingdom  ruleth 
over  all. — Sing  praises  unto  God,  ye  kingdoms  of 
the  earth,  to  him  that  rideth  on  the  heaven  of 
heavens.  Ascribe  ye  power  to  our  God;  for  his 
strength  is  in  the  heavens.  Praise  him  for  his 
miglity  acts,  praise  him  according  in  Ids  excellent 
greatness.'''' — If  we  would  enter  with  spirit  into 
such  elevated  strains  of  piety,  we  must  not  con- 
tent ourselves  with  a  passing  and  vacant  stare  at 
the  orbs  of  heaven,  as  if  they  were  only  so  many 
brilliant  studs  fixed  in  the  canopy  of  the  sky;  but 
must  "  consider''''  them  with  fixed  attention,  in  all 
the  lights  in  which  revelation  and  science  hava 
exhibited  them  to  our  view,  if  we  wish  to  praise 
God  for  his  mighty  works,  and  "  according  to  Ida 
excellent  greatness.^'  And,  for  this  purpose,  tho 
conclusions  deduced  by  those  who  have  devoted 
themselves  to  celestial  investigations,  ought  to 
be  presented  to  the  view  of  the  intelligent  Chris- 
tian, that  he  may  be  enabled  to  "  .speak  of  the 
glory  of  Jehovah's  kingdom,  and  to  talk  of  his 
power." 

NATURAL   PHILOSOPHY. 

Having,  in  the  preceding  sketches,  considerably 
exceeded  the  limits  originally  prescribed  for  thia 
department  of  my  subject,  I  am  reluctantly  com- 
pelled to  dispatch  the  remaining  sciences  with  a 
few  brief  notices. 

The  object  of  Natural  Philosophj  is,  to  observe 
and  describe  the  phenomena  of  the  material  uni- 
verse, with  a  view  to  discover  their  causes,  and 
the  laws  by  which  the  Almighty  directs  the  m6ve- 
ments  of  all  bodies  in  heaven  and  on  earth.  It 
embraces  an  investigation  of  the  laws  of  gravita- 
tion, by  which  the  planets  are  directed  in  their 
motions;  the  laws  by  which  water,  air,  light,  and 
heat,  are  regulated,  and  the  effects  they  proJuca 
in  the  various  states  in  which  they  operate;  the 
nat\ire  of  colors,  sounds,  electricity,  galvanism. 
and  magnetism,  and  the  laws  of  their  operation; 
the  causes  which  operate    in   the   production  o' 
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thunder,  lightning,  luminous  and  fiery  meteors, 
hail,  rain,  snow,  dew,  asd  other  atmospherical 
phenomena.  In  short,  it  embraces  all  the  objects 
of  Natural  History  formerly  alluded  to,  with  a 
view  1o  ascertain  the  causes  of  their  varied  ap- 
pearances, and  the  principles  that  operate  in  the 
changes  to  which  tiiey  are  subject;  or,  in  other 
words,  the  laws  by  which  the  diversified  phenome- 
na of  universal  nature  are  produced  and  regu- 
lated. One  subordinate  use  of  the  knowledge 
derived  from  this  science,  is,  to  enable  us  to  con- 
struct all  those  mechanical  engines  which  facili- 
tate human  labor,  and  increase  tlie  comforts  of 
mankind,  and  all  those  instruments  which  tend  to 
enlarge  our  views  of  the  operations  of  nature.  A 
still  higher  and  nobler  use  to  which  philosophy  is 
subservient,  is  to  demonstrate  the  Wisdom  and 
Intelligence  of  the  Great  First  Cause  of  ail 
things,  and  to  enlarge  our  conceptions  of  the 
admirable  contrivance  and  design  which  appear  in 
the  different  departments  of  universal  nature.  In 
this  view,  it  may  be  considered  as  forming  a 
branch  of  Naiural  Theology,  or,  in  other  words, 
a  branch  of  the  religion  of  angels,  and  of  all 
other  holy  intelligences. 

This  department  of  natural  science  has  gene- 
rally been  divided  into  the  following  brandies: — 

I.  Mechanics. — This  branch',  considered  in  its 
most  extensive  range,  includes  an  investigation  of 
tlie  general  properties  of  matter;  such  as  solidity, 
extension,  divisibility,  motion,  attraction,  and  re- 
pulsion— the  law  of  gravitation,  and  of  central 
forces,  as  they  appear  to  operate  in  the  motions 
of  the  celestial  bodies;  and  on  tiie  surface  of  our 
globe,  in  tlie  phenomena  of  falling  bodies,  the 
motions  of  projectiles,  the  vibration  of  pendu- 
lums, etc., — the  theory  of  macliines,  the  princi- 
ples on  which  their  energy  depends;  the  proper- 
ties of  the  mechanical  powers — i\ietlever,  the  wheel 
and  axle,  tlie  pulley,  the  inclined  plane,  the  icedge, 
and  the  screio,' — and  the  elFects  resulting  from 
their  various  combinations.  From  the  investiga- 
tions of  philosophers  on  these  subjects,  we  learn 
the  laws  by  which  the  great  bodies  of  the  uni- 
verse are  directed  in  their  motions;  the  laws 
which  bind  together  the  difTerent  portions  of  mat- 
ter on  the  surface  of  the  earth,  and  which  regn- 
late  the  motions  of  animal,  vegetable,  and  in- 
animate nature ;  and  the  principles  on  which 
cranes,  mills,  wheel-carriages,  thra«!iing-ma- 
chines,  pile-engines,  locomotive  carrijg^s,  and 
other  engines,  are  constructed  ;  •  by  means  of 
which  man  has  been  enabled  to  accomplish 
operations  far  beyond  the  limits  of  his  own 
physical   powers. 

Witliont  a  knowledge  of  the  laws  of  motion,  and 
assistance  from  the  combined  efP^cts  of  the  me- 
chanical powers,  man  would  be  a  very  limited 
being,  his  enjoyments  would  be  fevkf,  and  his  ac- 
tive energies  confined  within  a  very  narrow 
range.  In  a  savage  state,  ignorant  of  manufac- 
tures, agriculture,  architecture,  navigation,  and 
tbe  other  arts  which  depend  upon  mechanical 
combinations,  he  is  exposed,  without  shelter,  to 
tJie  inclemencies  of  the  seasons;  he  is  unable  to 
transport  himself  beyond  seas  and  oceans,  to  visit 
other  climes,  and  otlier  tribes  of  his  fellow-men; 
he  exists  in  the  desert,  comfortless  and  unimprov- 
od;  the  fertile  soil,  over  which  he  roams,  is  cov- 
fred  with  thorns  and  briers,  and  thickets,  for  the 
naunt  of  beasts  of  prey;  his  enjoyments  are  little 
superior  to  those  of  the  lion,  the  hyena,  and  the 
elephant,  while  he  is  much  their  intVrior  in  point 
of  agility  and  physical  strength.  But,  when  pliH- 
losophy  has  once  demonstrated  the  principles  of 
Mechanics,  and    introduced   the  nractice    of  the 


useful  Arts,  "  the  wilderness  and  the  solitary 
place  are  made  glad,  and  the  desert  rejoices  and 
blossoms  as  the  rose."  Cities  are  founded,  and 
gradually  rise  to  opulence  and  splendor;  palaces 
and  temjiles  are  reared;  tlie  damp  cavern,  and  the 
rush-built  hut,  are  exchanged  for  the  warm  and 
comfortable  apartments  of  a  substantial  mansion; 
■siiips  are  built,  and  navigated  across  the  ocean; 
the  treasures  of  one  country  are  conveyed  to  an- 
other; an  intercourse  is  carried  on  between  the 
most  distant  tribes  of  mankind;  commerce  flour- 
ishes, and  machinery  of  all  kinds  is  erected  for 
facilitating  human  labor,  and  promoting  the 
enjoymenls  of  man.  And,  when  the  princi- 
ples and  the  practice  of  "pure  and  undefiled 
religion"  accompany  these  physical  and  me- 
chanical operations,  love  and  affection  diffuse 
their  benign  influence  ;  the  prospect  brightensi 
as  years  roll  on,  and  man  advances,  with  plea- 
sure and  improvement,  to  the  scene  of  his  high 
destination. 

II.  Hydrostatics  treats  of  the  pressure  and 
equilibrium,  of  Jluids.  From  the  experiments 
which  have  been  made  in  thio  oranch  of  philoso- 
phy, the  following  important  principles,  among 
many  others,  have  been  deduced: — 

(1.)  That  the  surface  of  all  loalers  which  have  a 
communication  while  they  are  at  rest,  icill  be  per- 
fectly level. — This  principle  will  be  more  clearly 
understood  by  an  inspection  of  the  follff\\iT!g 
figures.  If  water  be  poured  into  the  tube  A  (fig. 
24),  it  will  run  through  the  horizontal  tube  E, 
and  rise  in  the  opposite  tube  B,  to  the  same  hight 
at  which  it  stands  at  A.  It  is  on  this  principle 
that  water  is  now  conveyed  under  ground,  through 
conduit  pipes,  and  made  to  rise  to  the  level  of  the 
fountain  whence  it  is  drawn.  The  citj'  of  Edin- 
burgh, a  considerable  part  of  which  is  elevated 
above  the  level  of  the  surrounding  country,  is 
supplied  with  water  from  a  reservoir  on  the  Pent- 
land  hills. sev.jral  miles  distant.     I'he  water  is  cou- 

Fig.  24. 


E 
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veyed  in  leaden  pipes  down  the  declivity  of  the 
hill,  along  the  interjacent  plain,  and  up  to  the  en- 
trance of  the  castle,  whence  it  is  distributed  to  all 
parts  of  the  city.  If  the  point  A  represent  the 
level  of  the  reservoir,  C  D  will  represent  the  plain 
along  which  the  water  is  conveyed,  and  B  the 
elevation  to  v/hieh  it  rises  on  the  Caslle-hill.  On 
the  same  principle,  and  in  a  similar  manner,  the 
city  of  London  is  supplied  with  water  from 
water-works  at  tlie  Lomlon  bridge.  Had  the 
ancients  been  acquainted  with  this  simple,  but 
important  principle,  it  would  have  saved  them  the 
labor  and  expense  of  rearing  those  stupendous 
works  of  art,  the  Aqueducts,  which  consisted  of 
numerous  arches  of  vast  size,  and  sometune* 
piled  one  above  another. 

Fig.  2.^    represents  the  syphon,  the   action  of 
which  d'  pends  upon  the  pressure  of  the  atmo- 
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Fig.  25  sphere.      If    this   instrument 

be  tilled  with  water,  or  any 
other  hquid,  and  the  sliorter 
leg  G  plunged  to  the  bot- 
tom of  a  cask,  or  other  vessel 
containing  the  same  liquid, 
the  water  will  run  out  at  the 
longer  leg  F,  until  the  vessel 
be  emptied,  in  consequence 
of  the  atmospheric  pressure 
upon  the  surface  of  the  liquid. 
On  this  principle  water  may 
be  conveyed  over  a  rising 
ground  to  any  distance,  pro- 
vided the  perpendicular  hight 
of  the  syphon  above  the  sur- 
face of  the  water  in  the  foun- 
tain does  not  exceed  thirty- 
two  or  thirty-three  feet.  On 
the  same  principle  are  con- 
structed the  fountain  at  com- 
mand, the  cup  of  Tantalus,  and  other  entertaining 
devices.  The  same  principle,  loo,  enables  us  to 
account  for  springs  which  are  sometimes  found  on 
the  tops  of  mountains,  and  for  the  phenomena  of 
intermitting  springs,  or  those  which  flow  and  stop 
by  regular  alternations. 

The  following  figure  will  explain  the  nature  of 
intermitting  springs.  Suppose  A  B  a  cavity  or 
receptacle  of  water  formed  ia  the  bowels  of  a  hill 
wiiere  the  spring  is  situated,  which  graduidiy  fills 
with  water  like  other  reservoirs,  and  that  by  the 
interposition  of  some  stratum  of  rock  or  other 
substance,  the  tube  C  £>,  which  conveys  the  water 
to  the  spring  or  mouth  where  it  issues — is  bent 
in  the  form  of  a  svphon;  whenever  the  reservoir 
A  B  is  tilled  as  high  as  the  bend  of  the  tube,  or 
to  the  level  of  /*  i,  the  water  will  rise  in  the  tube, 
and  begin  to  llow  into  the  spring,  which  will  con- 
tinue m)til  the  reservoir  be  exhausted.  While 
this  process  is  going  on,  the  water  in  the  spring 
will  rise,  and  as  soon  as  the  reservoir  is  exhausted, 
the  water  will  appear  to  fall  in  the  well  of  the 
spring,  and  will  continue  to  fall  until  the  reservoir 


is  again  supplied  to  the  hight  of  the  syphon 
when  the  process  of  filling  will  be  again  renewed 
It  is  obvious  that  unless  tlie  water  in  the  reservoij 
rises  above  the  hight  of  the  bend  of  the  syphoQ 
E,  the  well  cannot  be  filled. 

(2.)  AuT)  quantity  of  Jluid,  however  small,  may 
he  made  to  counterpoise  any  quantity,  however  large 
This  is  what  has  generally  been  termed  the  Hy- 
drosta.tical  Paradox;  and  from  this  principle  it 
follows,  that  a  given  quantity  of  water  may  exerl 
a  for!  e  srveral  hundred  times  greater  or  less,  ac- 
cordi:i2;  to  the  manner  in  which  it  is  employed 
This  Iwrce  depends  on  the  hight  of  the  column  of 
water,   independent  of  its  quantity;  for  its  pres- 

\sure  d'jiends   on   its    perpendicular   hight.      By 
means  of  water  conveyed  through  a  very  smai. 

I  perpendicular  tube,  of  great  length,  a  very  strong 
liogshead  has  been  burst  to  pieces,  and  the  watei 

\  scattered    about  with  incredible  force.     On   this 
principle,  the  hydrostatic  press,  and  other  engines 

:^f  immense  power,  have  been  constructed. 

(3.)  Enery  body  ichich  is  heavier  than  water,  €w 
which  sinks  in  it,  displaces  so  much  of  the  water  a» 
is  equal  to  the  bulk  of  the  body  immersed  in  th* 
loaler. — On  this  principle,  the  specific  gravities^ 
or  comparative  weight,  of  all  bodies  are  determin- 
ed. It  appears  to  have  been  first  ascertained  bj 
Archimedes,  and  by  means  of  it,  he  determined 
that  the  golden  crown  of  the  king  of  Syracuse 
had  been  adulterated  by  the  workmen.  From  this 
principle  we  learn,  among  many  other  things,  the 
specific  gravity  of  the  human  body;  and  that 
four  pounds  of  cork  will  preserve  a  person  weigh- 
ing 135  pounds  from  sinking,  so  that  he  may  re- 
main with  his  head  completely  above  water. 

Hydraulics,  which  has  sometimes  been  treated 
as  a  distinct  department  of  mechanical  philosophy, 
may  be  considered  as  a  branch  of  Hydrostatics. 
It  teaches  us  what  relates  to  the  motion  of  fluids, 
and  how  to  estimate  their  velocity  and  force  Oc 
the  principles  of  this  science,  all  nrachiues  work- 
ed by  water  are  constructed — as  steam-engines, 
water-mills,  common  and  forcing  pumps,  syphons, 
fountains,  and  fire-engines. 


Fig.  26. 
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111.  Pneumatics. —  This  branch  of  philosophy 
treats  of  the  nature  and  properties  of  the  atmo- 
sphere, and  of  their  effects  on  solid  and  fluid  bo- 
dies. From  this  science  we  learn  that  air  has 
weight,  and  presses  on  all  sides  like  otln^r  fluid--; 
that  the  pressure  of  the  atmosphere  upon  the  top  of 
a  mountain  is  less  than  on  the  plain  beneath;  that 
it  presses  upon  oar  bodies  with  the  weight  of  seve- 
ral thousand  pounds  more  at  one  time  tlian  at  an- 
other; that  air  can  be  compressed  into  forty  thou- 
sand times  less  space  than  it  naturally  occupies; 
that  it  is  of  an  elastic  or  expansive  nature,  and 
that  the  force  of  its  spring  is  equal  to  its  weight; 
that  its  elasticity  is  increased  by  heat;  .that  it  is 
necessary  to  the  production  of  sound,  the  support 


of  flame  and  animal  life,  and  the  germination  and 
growth  of  all  kinds  of  vegetables. 

These  positions  are  proved  and  illustrated  by 
such  experiments  as  the  following: — The  general 
pressure  of  the  atmosphere  is  proved  by  such  ex- 
periments as  those  detailed  in  Note  II  of  the  Ap- 
pendix. The  following  experiment  proves  that 
air  is  compressible.  If  a  glass  tube,  open  at  on© 
end,  and  close  at  the  other,  be  plunged,  with  the 
open  end  downward,  into  a  tumbler  of  water,  the 
water  will  rise  a  little  way  in  the  tube;  which 
shows,  that  the  air  which  filled  the  tube  is  com- 
pressed by  the  water  into  a  smaller  space.  The 
elasticity  of  air  is  proved  by  tying  up  a  blad- 
der, with  a  very  small  quantity  of  air  within  it 
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and  pudiiig  it  under  the  receiver  of  an  air-pump, 
when  it  will  be  seen  gradually  to  iiiHate,  uulii  it 
becomes  ol'  its  full  size.  A  similar  efFect  would 
tuke  place,  by  carrying  the  bladder  to  the  liighcr 
regions  of  the  atmosphere.  On  the  compression 
and  elasticity  of  the  air,  dep'?nds  tlie  construction 
of  that  dangerous  and  destructive  instrument,  the 
Air-gun.  'That  it  is  capable  of  being  rarehed  by 
lieaf,  is  proved  by  holding  to  the  lire  a  lialf-olown 
bladder,  slightly  tied  at  the  neck,  when  it  will  di- 
late to  nearly  its  full  size;  and  if  eitlier  a  full 
blown  bladder,  or  a  thin  glass  bubble  filled  with 
air,  is  held  to  a  strong  fire',  it  Vi'ili  buist.  The 
elasticity  of  the  air  is  such,  that  Mr.  Ijoyle,  by 
means  of  an  air-pump,  caused  it  to  dilate  until  it 
occupied  fourteen  thousand  times  the  spoce  that  it 
usually  does.  I'hat  the  ;dr  is  necessary  to  souiid, 
flame,  animal  and  vegetable  life,  is  proved  by  the 
following  experiments: — When  the  receiver  of  an 
air-pump  is  exhausted  of  its  air,  a  cat,  a  mouse, 
or  a  bird,  placed  in  it,  expires  in  a  few  moments, 
in  the  greatest  agonies.  A  bell  rung  in  the  same 
situation  produces  uo  sound;  and  a  lighted  can(Jle 
is  instantly  extinguished.  Similar  experiments 
prove  that  air  is  necessary,  for  the  flight  of  birds, 
tlie  ascent  of  smoke  and  vapors,  the  explosion  of 
gunpowder,  and  the  growtii  of  plants;  and  that 
all  bodies  descend  equally  swift  in  a  place  void  of 
air;  a  guinea  and  a  feather  being  found  to  fall  to 
the  bottom  of  an  exhausted  receiver  at  the  same 
iastant. 

On  the  principles  which  this  science  has  estab- 
lished have  been  constructed  the  air-pump,  the 
barometer,  the  thermometer,  the  diving-beil,  the 
hygrometer,  the  condenser,  and  various  other  in- 
struments, which  have  contributed  to  the  comfort 
of  human  life,  and  to  the  enlargement  of  our 
knowledge  of  the  constitution  of  nature. 

IV.  Acoustics. — This  science  treats  of  the  na- 
ture, the  phenomena,  and  the  laws  of  sound,  and 
the  tiieory  of  musical  concord  and  harmony. — 
i  rom  the  experiments  which  have  been  made  on 
this  subject,  we  learn,  that  air  is  essential  to  the 
production  of  sound;  that  it  arises  from  vibra- 
tions in  the  air,  communicated  to  it  by  vibrations 
of  the  sounding  body;  that  these  vibrations,  or 
aerial  pulses,  arc  propagated  all  arounu  in  a  sphe- 
rical undulatory  manner;  that  their  density  de- 
creases as  the  squares  of  the  dirUances  from  the 
sounding  body  increase;  that  they  are  propagated 
together  in  great' numbers  from  difl'orent  bodies 
without  disturbance  or  confusion,  as  is  evident 
from  coiicerts  of  nmsical  instruments;  that  water, 
timber,  and  flannel,  are  also  good  conductors  of 
sound;  that  sound  travels  at  the  rate  of  1142  f  et 
Mi  a  second,  or  about  thirteen  miles  in  a  minute;* 
that  the  softest  whisper  flies  as  fast  as  the  loudest 
tluinder;  and  that  the  utmost  limits,  within  which 
the  loudest  sounds,  produced  by  artificial  means, 
can  be  heard,  is  180  or  200  miles;+  that  sound. 


*  The  velocity  of  sound  has  been  somewliat  difierently 
estimated  hy  different  experimenters.  Mr.  Boyle  estimated 
its  velocity  at  1200  feet;  the  Florentine  Academicians  at 
1148  feet;  the  French  Acaderaifcians  at  1172  feet  per  second. 
It  is  reckoned  by  some  modern  philofophers  that  1120  feet 
per  second  may  be  reckoned  as  a  med!\im  estimate.  The 
experiments  of  Flamstead,  Halley,  and  Derham,  which 
R-ere  considered  as  havini;  been  accurately  performed,  give 
1142  feet  per  second,  as  the  average  velocity  of  sound — 
which  is  sometimes  modified  by  the  diruclioii  of  the  wind 
and  local  circumstances. 

t  In  the  war  between  England  and  Holland,  in  1G~2,  the 
noise  of  the  guns  was  heard''in  those  pjirts  of  \Vale«  wliich 
were  estiuiated  to  be  two  huiulred  miles  di-tant  from  the 
scene  of  action.  But  the  souncis  produced  by  volcanoes 
have  been  heard  at  a  much  greater  di»tance;  soiiie  in.stunces 
of  which  are  stated  in  Chap.  IV,  Sect.  2.  Several  other 
fects,  in  relation  to  sound  are  detailed  in  Chap.  Ill,  Art. 
dcimstic  Tunncla. 
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striking  against  an  obstacle,  as  the  wall  of  a 
house,  may,  like  light,  be  reflected,  and  produce 
another  sound,  which  is  called  an  echo;  and  that, 
after  it  has  been  reflected  from  several  places, 
it  may  be  collected  into  otie  point  or  focus,  where 
it  will  be  more  audible  than  in  any  other  place. 

The  intensity  of  sound  increases  or  diminishes 
when  the  elasticity  of  the  air  increases  or  dimin- 
ishes, either  by  heat  or  by  compression.  Hence, 
in  ])roportion  as  the  air  is  rarefied  under  the  re- 
ceiver of  an  air-pump,  or  in  the  ascent  of  lofty 
mountains,  sound  loses  its  force.  Air  communi- 
cates its  vibrations  to  the  sonorous  bodies  with 
which  it  is  in  contact.  Hence  a  string  of  an  in- 
sLrument  causes  another  stretched  beside  it  to  vi- 
brate. A  noise  without  makes  the  windows  of  an 
ajjartment  to  resound,  and  the  discharge  of  can- 
nons, and  peals  of  thunder,  cause  buildings,  and 
even  whole  villages  to  shake.  Euler  tells  us  of  a 
man  who,  by  oifFerent  inflections  of  his  voice, 
made  a  glass  vibrate  so  as  almost  to  break  it. — 
When  the  velocity  of  sound  is  known,  the  dis- 
tance of  certain  objects  may  be  determined.  If  a 
flasli  of  a  gun  be  observed,  and  the  number  of 
seconds  or  pulsations  which  elapse  between  seeing 
the  flash  and  hearing  the  report,  be  counted,  this 
number  multiplied  by  1142,  the  assumed  velocity 
of  sound  per  second,  will  give  the  distance  of  the 
observer  from  the  center  of  vibration.  If,  in  a 
thunder  storm,  I  can  count  five  pulsations,  from 
the  instant  of  seeing  the  lightning  until  the  report 
of  the  thunder  be  heard,  the  distance  of  the  thun- 
der cloud  will  be  1142X5=5710  feet,  that  is,  an 
English  mile  and  430  feet.  Were  the  thunder  to 
be  heard  within  a  .second  of  the  time  of  sf^iing 
the  flash,  it  would  indicate  that  the  thunder  was 
within  380  yards  of  the  observer,  and  conse« 
quently,  that  he  is  within  the  sphere  of  danger. — 
In  estimating  such  distances  A}h  seconds,  at  an 
average,  may  be  reckoned  for  every  mile. 

On  the  principles  above  stated  we  may  account 
for  the  various  phenomena  of  sounds  and  the  di- 
versified echoes  which  are  heard  in  various  places, 
which  both  amuse  and  sometimes  puzzle  the  ob- 
servers— and  on  the  same  principles  whisj)ering 
galleries,  such  as  that  in  St.  Paul's  church,  Lon- 
don, speaking  and  hearing  trumpets — wind  and 
stringed  instruments — the  Harmonica  Celestina, 
and  otlier  acoustic  instruments,  are  constructed. 

V.  Optics. — This  branch  of  philosophy  treats 
of  vision,  light,  and  colors,  and  of  the  various 
phenometia  of  visible  objects  produced  by  the 
rays  of  liglit,  reflected  from  mirrors,  or  transmit- 
ted through  lenses.  From  this  science  we  learn, 
that  light  flies  at  the  rate  of  nearly  twelve  mil- 
lions of  miles  every  minute — that  it  moves  in 
straight  lines — that  its  particles  may  be  several 
thousands  of  miles  distant  from  each  other— that 
every  visible  body  emits  particles  of  light  from 
its  surface,  in  all  directions — that  the  particles  of 
light  are  exceedingly  small;  for  a  lighted  candle 
will  fill  a  cubical  space  of  two  miles  every  way 
with  its  rays,  before  it  has  lost  the  least  sensible 
part  of  its  substance;  and  millions  of  rays,  from 
a  thousand  objects  will  pass  through  a  hole  not 
larger  than  the  point  of  a  needle,  and  convey  to 
the  mind  an  idea  of  the  form,  position,  and  color, 
of  every  individual  object- — that  the  intensity,  or 
degree  of  light  decreases,  as  the  square  of  the  dis- 
tance from  the  luminous  body  increases;  that  is, 
at  two  yards  distance  from  a  candle,  we  shall  liave 
only  the  fourth  part  of  the  light  we  should  hava 
at  the  distance  of  one  yard;  at  three  yards  dis- 
tance, the  ninth  part;  at  four  yards,  the  sLtteenth 
part,  and  so  on — that  glass  lenses  may  be  ground 
into  the  following  forms:  jjlano-convex,  piano-con- 
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cave,  double  convex,  double  concave,  and  ineniscus, 
that  is,  convex  on  one  side,  and  concave  on  the 
other — that  sj)ecula,  or  mirrors,  may  be  ground 
into  eitlier  a  spherical,  parabolical,  or  cylindrical 
form — that,  by  means  of  such  mirrors  and  lenses, 
tlie  rays  of  light  may  bo  so  modilied  as  to  proceed 
either  in  a  dicerging,  convergiitg,  or  parallel  direc- 
tion, and  the  images  of  visible  objects  represented 
in  a  variety  of  new  forms,  positions,  and  magni- 
tudes,— that  every  ray  of  wliite  light  may  be  sei)a- 
rated  into  seven  primary  colors:  red,  orange,  yel- 
low, green,  blue,  indigo,  and  violet — that  tlie  varie- 
gated coloring  whicli  appears  oa  the  face  of  na- 
ture is  not  in  the  objects  themselves,  but  in  tlie 
Hglit  wliich  lulls  upon  them — that  the  rainbow  is 
proJuced  by  the  refraction  and  reflection  of  the 
solar  rays  in  the  drops  of  failing  rain — that  the 
rays  of  light  are  refracted,  or  bent  out  of  their 
course,  when  they  fall  upon  glass,  water,  and 
other  mediums — that  the  light  of  the  sun  may  be 
collected  into  a  point  or  focus,  and  made  to  pro- 
duce a  heat  more  intense  than  that  of  a  furnace* — 
that  tlie  rays  from  visible  objects,  when  reflected 
from  a  concave  mirror,  converge  to  a  focus,  and 
paint  ail  image  of  the  objects  before  it,  and  that 
when  they  pass  through  a  convex  glass,  tliey  de- 
pict an  image  behind  it. 

On  these  and  other  principles  demonstrated  by 
this  science,  the  Camera  Obscura,  the  Magic  Lan- 
tern, the  Phantasmagoria,  the  Kaleidoscope,  the 
Heliostata,  tiie  Micrometer  —  Spectacles,  Opera 
Glasses,  Prisms,  single,  compouiul,  lucernal,  and 
solar  Microscopes,  reflecting  and  refracting  Tele- 
scopes, and  other  optical  instruments,  have  been 
constructed,  by  means  of  which  the  natural  pow- 
ers of  human  vision  have  been  wonderfully  in- 
creased, and  our  prospects  into  the  works  of  God 
extended  far  beyond  what  former  ages  could  have 
conceived. 

Connected  with  the  science  of  Optics,  it  may 
be  proper  to  notice  a  late  discovery  for  fixing  the 
images  formed  by  convex  lenses,  distinguished  by 
the  name  of  the  Daguerreotype.  Almost  every 
one  knows  the  effects  produced  by  the  Camera 
Obscura.  A  convex  glass  placed  in  an  opening 
in  a  window-shutter  in  a  dark  room,  or  in  a  box 
constructed  for  the  purpose,  forms,  on  a  while 
screen,  placed  al  its  focal  distance,  a  beautiful  pic- 
ture of  all  the  objects  which  are  opposite  to  it, 
iu  their  exact  proportions,  symmetry,  and  colors. 
But  this  picture  evanishes  the  moment  the  lens 
or  the  screen  is  removed.  The  Daguerreotype  is 
an  art  by  which  this  picture  or  image  may  be 
rendered  permanent.  It  derives  its  name  from  M. 
Daguerre,  a  member  of  the  French  Academy  of 
Fine  Arts,  who  was  in  partnership  with  M.  Nei- 


*  This  is  produced  by  means  of  lenses,  or  mirrors,  of  a 
large  diameler,  called  burning-glasses.  By  these  instru- 
ments, the  hardest  metals,  on  which  common  tires,  and 
even  glass-house  furnaces,  could  produce  no  eflect,  have 
been  melted  in  a  few  seconds.  M.  Villette  a  Krenchman, 
nearly  a  century  ago,  constructed  a  mirror,  three  feet  eleven 
inches  in  diameter,  and  three  feet  two  inches  in  focal  dis- 
tance, which  melted  copper  ore  in  eight  seconds,  iron  ore 
in  twenty-four  seconds,  a  fish's  tooth  in  thirty-two  seconds, 
eo.'ft  ;rott  in  sixteen  seconds,  a  silver  sixpence  in  seven  se- 
conds, and  tin  in  three  seconds.  This  mirror  condensed  the 
solar  ravs  17,2.^7  times,  a  degree  of  heat  whiA  is  about /o«r 
hundred  and  ninety  times  greater  than  common  fire.  Mr. 
Parkei,  of  London,  constructed  a  lens  three  feet  in  diameter, 
and  six  feet  eight  inches  focus,  which  weighed  212  lb».  It 
melted  twenty  grains  of  gold  in  four  seconds,  and  ten  "rains 
of  plalina  in  three  seconds.  The  power  of  burning-glasses 
is,  as  the  area  of  the  lens  dircctlii,  and  the  square  of  the 
focal  distance  inversely — or,  in  other  words,  the  broader  the 
mirror  or  lens,  and  the  shorter  the  focal  distance,  the  more 
intense  is  the  heat  produced  by  such  instruments.  A  globu- 
lar'decanter  of  water  makes  a  powerful  burning-glass;  and 
house  furniture  has  been  set  on  fire,  b.y  incautiously  exposing 
H  to  the  rays  of  the  sun. 


I  per,  who,  as  early  as  1814,  had  commenced  ro- 
searclies  on  this  subject;  but  Daguerre  had  given 
1  uj)  the  idea  of  being  able  to  bring  his  methods  to 
[  perfection,  until  about  the  year  lb38,  when  the 
!  effects  produced  by  his  art  began  to  excite  a  con- 
':  siderable  degree  of  attention;  and  as  a  reward  for 
j  disclosing  the  process   and    publishing   it  to  the 
1  world,  the  French   government  bestou-ed  on  the 
I  inventor  and  his  partner  an  annuity  of  ten   thou- 
I  sand  francs    (Jt;4iG  Lis.  4d.):    M.   Arago,  when 
'alluding  to  this  aiscovery,  has   the  following  re 
jniark:  "No  person  has  ever  witnessed  the  ueat- 
I  iiess  of  outline,  precision  of  form,  the  truth  of 
I  coloring,  and   the  sweet  gradations  of   tint,  dis 
I  played  by  the  Camera,  without  regretting  that  an 
imagery   so  exquisite  and   so   faithful    to    nature 
could   not  be   made  to  fix  itself  permanently  on 
the  tablet  of  the  machine — who  has   not  put  up 
his  as])iration   that  some  means  might  be  disco- 
vered   by   which   to   give  reality   to  shadows    so 
lovely!     Yet  in  the  estimation  of  all,  such  a  wish 
seemed   destined  to   take   its  place   among  other 
dreams  of  beautiful  things — among  the  glorious 
but  impracticable  conceptions  in  which   men  of 
science  and  anient  temperament  have  sometimes 
indulged.     Tiiis  dream,  notwithstanding,  has  just 
been  realized." 

Our  limits  will  not  permit  to  give  a  detail  of 
the  process  by  which  the  effect  now  stated  is  pro- 
duced. We  shall  just  state  the  following  general 
outline. — The  designs  taken  by  the  Daguerreo- 
type are  executed  upon  tiiin  plates  of  silver  plated 
on  copper.  The  silver  must  be  of  the  purest 
kind,  and  the  thickness  of  both  metals  not  to  ex- 
ceed that  of  a  stout  card.  Before  placing  it  iu 
the  Camera  the  following  operations  are  requisite: 
1.  The  plate  must  be  cleansed  and  highly  polish- 
ed. For  this  purpose  a  little  of  fine  pumice  pow- 
der is  put  into  a  muslin  bag  and  shaken  over  the 
plate,  and  it  is  then  rubbed  gently  with  cotton 
dipped  in  olive  oil.  Diluted  nitric  acid  is  then 
rubbed  over  the  plate  with  cotton,  and  then  rub- 
bed again  with  pumice  and  dry  cotton;  and 
afterward  the  plate  is  to  be  subjected  to  a 
strong  heat.  2.  The  plate  has  to  receive  a 
coating  of  Iodine.  To  accomplish  this  the 
plate  is  fixed  upon  a  board,  and  then  jiut  into  a 
box  containing  a  little  dish  with  iodine  divided 
into  small  pieces,  and  allowed  to  remain  until  it 
is  covered  with  a  gold-colored  coating,  which  pro- 
cess must  be  conducted  in  a  darkened  apartment 
.3.  The  Camera  is  next  placed  in  the  front  of  tha 
landscape  or  object,  and  as  soon  as  the  focus  is 
adjusted,  the  light  is  excluded,  and  the  plate  put 
in,  when,  in  the  course  of  a  few  minutes,  and  in 
some  cases,  in  a  few  seconds,  a  perfect  picture  or 
design  is  obtained.  I  have  seen  a  portrait  of  an 
individual  taken  in  this  way  in  the  course  of  half 
a  minute.  4.  Tlie  plate  is  next  placed  over  the 
vapor  of  mercury  to  bring  out  the  image,  which 
is  not  visible  when  withdrawn  from  the  Camera 
The  image  is  not  visible  until  after  the  lapse  of 
several  minutes.  5.  The  coating  on  which  the 
design  was  impressed  is  to  be  removed  in  order  to 
preserve  it  from  being  decomposed  by  the  rays  of 
light.  To  do  this,  the  plate  is  placed  in  a  trough 
containing  common  water,  plunging  and  with- 
drawing it  immediately,  and  then  plunging  it  into 
a  solution  of  salt  and  water  until  the  yellow  coat- 
ing has  disappeared. 

Such  is  a  very  abridged  sketch  of  the  photoge- 
nic operations  of  M.  Daguerre.  When  finished 
in  a  perfect  way,  the  designs  thus  taken  on  the 
plate  are  exceedingly  beautiful  and  correct,  and 
will  bear  to  be  inspected  with  a  consiilerable  mag- 
nifying power,  so  that  the  most  minute  portions 
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of  tlie  objects  delineated  may  be  perceived;  and  it 
hus  been  discovered  tiiut  an  eicliing  ol'  tiie  design 
can  bo  taken  in  tlie  coniniou  way,  and  from  tliut 
again  any  ninnbcr  of  electrotype  cojiies  can  be 
produced.  M.  Claudet,  the  patentee  of  tliis  inven- 
tion at  the  Adelaide  gallery,  London,  has  made 
several  improvements,  parliLiilarly  in  taking  like- 
nesses, lie  is  aow  enabled  to  take  a  likeness  in 
one  Second,  and  even  less — in  the  twinkling  of  an 
eye,  and  to  give  the  portraits  so  matle  any  back- 
ground that  may  be  desired. 

'I'iiis  invention  may  be  considered  as  still  in  its 
infancy;  but  in  the  course  of  its  improvement, 
its  results  may  be  highl_v  beneficial  and  extensive. 
To  use  the  words  of  Arago:  "To  copy  the  mil- 
lions of  millions  of  hieroglyphics,  which  entirely 
cover  to  the  very  exterior  of  the  great  monuments 
at  Thebes,  Memphis,  Carnoe,  etc.,  would  require 
scores  of  years  and  legions  of  artists.  With  the 
Daguerreotype  a  singlu  man  would  suffice  to  bring 
to  a  conclusion  this  vast  labor;  and  at  the  same 
time,  such  designs  shall  incomparably  surpass 
in  fidelity,  in  truth  of  local  color,  the  works  of 
the  ablest  artists."  It  is  probable,  too,  that  this 
art  may  be  applied  to  taking  exact  pictures  of  the 
heavenly  bodies — not  only  of  the  sun,  but  even 
of  the  moon,  the  planets,  and  the  stars.  The 
plated  discs  prepared  by  Daguerre  receive  impres- 
sions from  tlie  action  of  the  lunar  rays  to  such 
an  extent  as  perniils  the  hope  that  photographic 
charts  of  tlie  moon  may  soon  be  obtained.  Nor 
is  it  perhaps  too  mucli  to  expect  that  the  rays  of 
the  stars — even  of  distant  nebuliE  may  thus  be 
fixed  and  a  delineation  of  their  objects  produced 
wliich  shall  be  capable  of  being  magnified  by 
powerful  microscopes. — This  invention  leads  us 
to  conclude  that  we  have  not  yet  discovered  all 
the  wonderful  properties  of  that  Light  which 
unrails  to  us  tlie  beauties  and  sublimities  of  the 
universe;  and  that  thousands  of  admirable  agencies 
and  objects  hitherto  unknown,  may  soon  be  dis- 
closed to  our  view  through  this  medium,  as  we 
advance  in  our  researches  and  discoveries. 

VI.  Electricitv. — This  name  has  been  given 
to  a  science  which  explains  and  illustrates  the 
operations  of  a  very  subtile  fluid,  called  the  electric 
Jiiiid,  which  appears  to  pervade  everj'  part  of  na- 
ture, and  to  be  one  uf  the  chief  agents  employed 
in  producing  many  of  the  phenomena  of  the  ma- 
terial world.  If  a  ])iece  of  amber,  sealing-wax, 
or  sulphur,  be  rubbed  with  a  i)iece  of  flannel,  it 
will  acquire  the  power  of  attracting  small  bits  of 
paper,  feathers,  or  other  light  substances.  If  a 
tube  of  glass,  two  or  three  feet  in  length,  and  an 
inch  or  two  in  diameter,  be  rubbed  pretty  hard, 
in  a  dark  room,  with  a  piece  of  dry  woolen  cloth, 
beside  attracting  light  substances,  it  will  emit 
flushes  of  fire,  attended  with  a  crackling  noise. 
This  luminous  matter  is  called  efrctricity,  or  the 
eh:ii-ic  Jluid.  If  a  large  globe,  or  cylinder  of 
gla?s,  be  turned  rapidly  round,  and  made  to  rub 
against  a  cushion,  streams  and  large  sparks  of 
bluish  flame  will  be  elicited,  which  will  fly  round 
the  glass,  attract  light  bodies,  and  produce  a  pun- 
gent sensation,  if  the  hand  be  held  to  it.  This 
glass,  wilh  all  its  requisite  apparatus,  is  called  an 
electrical  machine.  It  is  found  that  this  fluid  will 
pass  along  some  bodies,  and  not  along  others.  The 
bolies  over  which  it  passes  freely  are  water,  and 
most  other  fluids,  except  oil  and  the  aerial  fluids; 
iron,  copper,  lead,  and  in  general  all  the  metals, 
semi-metals,  and  metallic  ores;  which  are  there- 
fore ca'.'.ed  conductors  of  electricity.  But  it  will 
not  pass  over  glass,  resin,  wax,  sulphur,  silk, 
baked  woods,  or  dry  woolen  substances ;  nor 
through  air,  except  by  force,  in  Sfrks,  to  short 


distances.     These  bodies  are  therefore  called  non- 
conductors. 

The  following  facts,  among  others,  have  been 
ascertained  respecting  this  wonderful  agent:  — 
Tiiat  all  bodies  with  vi^hich  we  are  acquainted 
possess  a  greater  or  less  share  of  this  fluid — that 
the  quantity  usuallj'  belonging  to  any  body  pro- 
duces no  sensible  effects;  but  when  any  surface 
becomes  possessed  of  nwre  or  less  than  its  natural 
share,  it  exhibits  certain  appearances  in  the  form 
of  light,  sound,  attraction,  or  repulsion,  which 
are  ascribed  to  the  power  called  electric  —  that 
there  are  two  dilFerent  species  of  the  electricall? 
fluid,  or  at  least  two  difTerent  modifications  of  the 
same  general  principle,  termed  positive  and  nega- 
tive electricity — that  positive  and  negative  elec- 
tricity always  accompany  each  other  ;  for  if  a 
substance  acquire  the  one,  the  body  with  wliich 
it  is  rubbed  acquires  the  other — that  it  moves 
witji  amazing  rapiditj',  having  been  transmitted 
through  wires  of  several  miles  in  length,  without 
taking  up  any  sensible  space  of  time;  and  there- 
fore it  is  not  improbable,  that  were  an  insulated 
conducting  substance  extended  from  one  conti- 
nent to  another,  it  might  be  made  to  lly  to  tha 
remotest  regions  of  the  earth  in  a  few  seconds  of 
time* — that  it  has  a  power  of  suddenly  contract- 
ing the  muscles  of  animals,  or  of  giving  <i  a7iocA 
to  the  animal  frame — that  this  shock  may  be 
communicated,  at  the  same  instant,  to  a  hundred 
persons,  or  to  any  indefinite  number  who  form  a 
circle,  by  joining  their  hands  together — that  it 
may  be  accumulated  to  such  a  degree  as  to  kill 
the  largest  animals — that  vivid  sparks  of  this 
fluid,  attended  with  a  crackling  noise,  may  bo 
drawn  from  different  parts  of  the  human  body, 
when  the  person  is  insulated,  or  stands  upon  a 
stool  supported  by  glass  feet — that  electricity  sets 
fire  to  gunpowder,  spirits  of  wine,  and  other  in- 
flammable substances  —  that  it  melts  iron  wira 
and  destroys  the  polarity  of  the  magnetic  needle- 
that  it  augments  the  natural  evaporation  of  fluids, 
promotes  the  vegetation  of  plants,  and  increases 
the  insensible  perspiration  of  animals;  and  can  be 
drawn  from  the  clouds  by  means  of  electrical 
kites,  and  other  elevated  conductors.  By  means 
of  the  electrical  power,  small  models  of  machinery 
have  been  set  in  action;  orreries  to  represent  the 
movenients  of  the  planets  have  been  put  in 
motion;  and  small  bells  have  been  set  ringing  for  a 
length  of  time;  and,  in  consequence  of  the  know- 
ledge we  have  acquired,  of  the  mode  of  its  opera- 
tion in  the  system  of  nature,  the  lightnings  of 
heaven  liave  been  arrested  in  their  course,  and 
constrained  to  descend  to  the  earth,  without  pro- 
ducing any  injurious  effects. 

From  these,  and  a  variety  of  other  facts  and 
experiments,  it  is  now  fully  ascertained,  that  light- 
ning and  electricity  are  identical;  and  that  it  is 
the  prime  agent  in  producing  the  awful  pheno- 
mena of  a  thunder-storm;  the  lightning  being  the 
rapid  motion  of  vast  masses  of  electric  matter, 
and  thunder  the  noise,  with  its  echoes,  produced 
by  the  rapid  motion  of  the  lightning  through  the 
atmosphere. — There  can  be  little  doubt  that  in 
combination  with  steam,  the  gases,  and  other 
agents,  it  also  produces  many  of  the  terrific  phe- 
nomena of  earthquakes,  volcanoes,  wliirlwinds, 
water-spouts,  and  hurricanes,  and  the  sublime 
coruscations  of  the  aurora  borealis. — In  the  ope- 
rations of  this  powerful  fluid,  we  behold  a  strik- 
ing display  of  the  sovereignty  and  majestic  agency 
of  God.  Tn  directing  its  energies,  "his  way  is  in 
the  wh.rlwind  and  the  storm,  and  the  clouds  are 


'  See  Chap.  Ill,  Art.  Electric  Telegraph. 
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the  (lust  of  liis  feet ;  flio  heavens  arc  covered  with 
sackcloth,  the  mountains  quake  before  hi:n,  the 
hills  melt,  the  earth  is  buraed  at  his  presence,  and 
rocks  are  thrown  down  by  him."*  It  is  casv  to 
conceive,  that  by  a  few  slight  ruotlificatiou;-  prn- 
(Jnced  by  the  hand  of  Oinuipoteiice,  this  powert'iil 
fluid  might  becoine  the  agent  of  producing  eitiier 
the  most  awful  and  tremendous,  or  the  most  glo- 
rious and  trans]>ortiug  seenes,  over  every  region 
of  our  globe.  As  it  now  operates,  it  is  calculated 
to  inspire  us  rather  with  uwe  and  terror  than  with 
admiration  and  joy  ;  and  to  lead  our  thoughts  to  a 
consideration  of  the  state  of  man  as  a  depraved 
intelligence,  and  a  rebel  against  the  governnieut 
of  liis  Maker. 

Electricity  is  rnpidly  extending  its  boundaries, 
and  its  influence   as  an  iinporiaut  agent  in  the 
arts;  and,  as  yet,  we   can  form  no  adequate  con- 
ception of  the  results  which  may  flow  from  the 
Investigations  into  its  nature,  combinations,  and 
applications,  which  are  now  making  by  the  scien- 
titic  world,  or  of  the  powerful  etfects  it  may  pro- 
duce, when   thoroughly  wielded   by  the   hand  of 
genius.     It   has   already  been   applied   to   many 
useful   purposes — to  remove   obstructions  in  the 
human  frame — to  cure  diseases — to  ascertain  th.e  i 
depths  of    the    sea — to    produce    explosions    for 
eliecting  mechanical  operations, — and  for  convey- 
ing intelligence  at  the  rate  of  193,000  miles  in  a  ; 
feecond.    Among  its  recent  applicatiojis  is  the  pro-  1 
CSS  of  copyinc/  with  perfect  accuracy  engraved  cop-  j 
pcrplafes,  medals,  seals,  etc. — and  of  gilding,  pla-  | 
ting,  and  etching,  with  great  beauty  and  precision. 
This  art  has  been  denominated  Electrotype,  and  ' 
was  discovered  by  Mr.  Tiiomas  Spencer, of  Liver-  ] 
pool,  in  1839.     It  was   also    discovered    on    the  i 
Continent  by  Professor   Jacobi.      The  materials  • 
recommended  by  him  for  forming  the  molds  on  I 
which   impressions   are   taken  are  fiidble   nu'tal, ; 
wax,  and  stearine.     When  a  copy  is  taken  from 
any  copperplate  or  medal,  any  number  of  copies 
can  be  j)roduced  equally  as  good  as  the  first.    The 
process  is  simple,  but  our  limits  will   not  permit 
to  enter  into  its  details.     The  reader  will   find  a 
ehort   description   of  the   process   in   Chambers' 
"Information  for  the  People,"  No.  57,  Art.  Elec- 
tricity, etc.,  and  in  the  "  Practical    Mechanic  and 
Engineer's  Magazine,"  vol.  i,  p.  227. 

An  important  combination  of  the  Electrotype 
with  the  Daguerreotype  process  has  lately  been 
discovered,  which  promises  to  lead  to  some  im- 
portant results.  A  Daguerreotype  picture  can  be 
produced  in  the  ordinary  way,  as  formerly  de- 
scribed— it  can  be  etched  accoriiing  to  the  present 
precess,  and  from  this  etching  an  indefinite  num- 
ber of  electrotype  copies  can  be  obtahied.  As  an 
illustration  of  the  perfection  attendant  on  this 
process,  the  inventor  states  that,  from  a  Daguer- 
reotype plate  which  had  on  it  a  sign-board  mea- 
suring 1-lOth  by  (j-lOOths  of  an  inch,  five  lines 
of  the  inscription  can  be  distinctly  read  by  the 
aid  of  a  microscope  applied  to  the  electrotype 
copy.  So  that,  as  the  author  remarks,  "  ijistead 
of  a  plate  being  inscribed  as  drawn  by  Landseer, 
and  engraved  by  Cousins,  it  may  be  said,  drawn 
by  Light  and  engraved  by  Electricity.'' 

VII.  Gai,vanis.\i  is  intimately  connected  with 
electricity,  though  it  is  generally  considered  as  a 
branch  of  Chemistry.  It  is  only  another  mode 
ot  e.iciting  electrical  action.  In  electricity  the 
efTect.s  are  produced  chieHy  by  mechanical  action; 
but  the  eft'ects  of  Galvanism  are  produced  by  the 
chanical  action  of  bodies  upon  each  other.  If 
we  take  a  piece  of  zinc,  and  place  it  under  the 

•  Naham,  i.  3-6. 


tongue,  and  lay  a  pi  >ce  of  silver,  as  big  as  a  half- 
crown,  above  it ;  by  bringing  the  outer  edges  of 
these  pieces  in  contact,  we  shall  immecJiately  ex- 
perience a  peculiar  and  disagreeable  taste,  like 
that  of  copper.  'i"he  same  tiling. may  be  noticed 
with  a  guinea  and  a  piece  of  charcoal.  If  a  per- 
son, in  the  dark,  put  a  slip  of  tinfoil  upon  one  of 
his  eyes,  and  a  piece  of  silver  in  his  mouth,  by 
causing  tl)ese  pieces  to  cominunicate,  a  faint  flash 
will  appear  before  his  eyes.  K  a  living  frog  or  a 
fish,  having  a  slip  of  tinfoil  pasted  upon  its  back, 
be  placed  upon  a  piece  of  zinc,  by  forming  a  com- 
municiUion  between  the  zinc  and  tinfoil,  the 
spasms  of  the  muscles  are  excited.  These  and  V 
similar  efTects  arc  pro.iuced  by  that  mo.liricatiou 
of  electricity  which  has  been  termed  Gulvanisin. 
Three  different  conductors,  or  what  is  called  a 
galvanic  circle,  are  requisite  to  produce  such  ef- 
fects. A  piece  of  copper,  a  piece  of  flannel, 
moistened  witii  water  or  acid,  atid  a  ()iece  of  zinc. 
laid  upon  one  another,  form  a  circle;  and  if  this 
circle  be  repeated  a  number  of  times,  a  galvanic 
pile  or  battery  may  be  formed,  capable  of  giving 
a  powerful  shock.  The  most  common  and  con- 
venient form,  however,  of  a  battery,  is  found  to 
be  a  trougli  of  baked  wood,  three  or  four  inches 
deep,  ana  as  many  wide.  In  the  sides  are 
grooves,  opposite  to  each  other,  into  each  of 
which  is  placed  a  double  metallic  plate  of  zinc 
and  copper  soldered  together,  and  the  cells  are 
then  filled  either  with  salt  and  water,  or  with  a 
solution  of  nitrous  acid  and  water. 

By  means  of  the  galvanic  agency,  a  varietj^  of 
surprising  effects  litive  been  produced.  Gunpow- 
der, cotton,  and  other  inflamma!)le  substances 
have  been  inflamed — charcoal  has  been  made  to 
burn,  with  a  most  brilliant  and  beautiful  white 
flame — water  has  been  decomposed  into  its  ele- 
mentary parts — metals  have  been  melted  and  set 
on  fire  —  fragments  of  diamond,  charcoal,  and 
plumbago,  have  been  dispersed,  as  if  they  had 
been  evaporated — platina,  the  hardest  and  heaviest 
of  the  metals,  has  been  melted  as  readily  as  wax 
in  the  flame  of  a  candle — the  sapphire,  quartz, 
magnesia,  Ume,  and  the  firmest  compounds  in 
nature,  have  been  made  to  enter  into  fusion. — Its 
effects  ou  the  animal  s_ystem  are  no  less  surpris- 
ing. When  applied  to  a  fowl  or  a  rabbit,  imme- 
diately after  life  is  extinct,  it  produce?)  the  most 
strange  and  violent  convulsions  on  the  nervous 
and  muscular  system,  as  if  the  vital  functions 
were  again  revived:  and  when  applied  to  the  hu- 
m.an  body  after  death,  the  stimulus  has  produced 
the  most  horrible  contortions  and  grimacos  in  the 
muscles  of  the  head  and  face;  and  tlie  most  rapid 
movements  in  the  hands  and  feet. 

Numerous  experiments  which  have  been  mado 
both  on  dead  animals  and  ou  human  subjects, 
liave  led  to  the  conclusion  that  galvanism  pos- 
sesses some  sanative  as  well  as  energetic  intluence 
on  the  actions  of  diseased  living  beings.  It  has 
been  found  to  effect  cures,  and  to  afford  relief  in 
nervous  disorders.  It  has  not  only  been  used  to 
cure  the  afflicted  living,  but  also  to  resuscitate 
the  apparently  dead;  and  in  all  cases  of  suspended 
animation,  from  accidents  or  otherwise,  it  has 
been  found  to  be  a  test  of  vitality,  and  the  surest 
criterion  of  recent  death.  A  celebrated  medical 
writer  on  this  suliject,  in  Berlin,  strongly  recom- 
mends its  use  in  rheumatism,  palsies,  nervous 
deafness,  hoarseness,  debility  of  t^i^iht,  white  swell- 
ings of  the  joints,  tumors  in  tiie  glands  of  the 
neck,  and  several  other  sLsorders.  It  is  found 
that  it  possesses  not  only  a  stimulating  power 
over  the  nerves  and  muscles,  but  also  over  th« 
vital  forces.     M.  Spronger,  of  Jena,  gives  an  ae» 
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eount  of  his  havings  restored  the  sense  of  hearing 
to  45  persons,  by  iiieaus  of  this  singular  agent — 
lo  four  of  wlioni  he  also  restored  the  sense  of 
smelling. — Galvanism  has  besn  lately  employed  as 
a  powerful  agent  forblasling  rocks.  At  Glasgow, 
and  several  oilier  places,  its  iigeiicy  lu^s  bi-en  ap- 
plied with  g'-'jat  success.  At  one  blast  hnudreds 
of  tons  of  stones  have  been  in  a  moment  loosened 
from  the  rock.  It  is  found  that  dry  sand  is  quiie 
sufScient  for  filling  the.  perforation  in  the  rock 
where  tiie  charge  is  placed,  and  that  the  whole 
process  is  unaccompanied  with  the  smallest  de- 
gree of  danger,  so  that,  by  this  mode  of  blasting, 
those  accidents  which  have  so  frequently  happen- 
ed to  workmen  employed  in  sucii  operations  may 
be  entirely  prevented. 

The  galvanic  agency  enables  us  to  account  for 
the  following,  among  other  facts: — ^AVhy  porter 
has  a  different  and  more  pleasant  taste  when  drunk 
out  of  a  pewter  vessel  than  out  of  glas^s  or  earthen- 
ware,—  why  a  silver  spoon  is  iiiscolored  when 
used  in  eating  eggs, — why  the  limbs  of  people, 
under  amputation,  are  sometimes  convulsed  by 
the  application  of  the  instruments, — why  pure 
mercury  is  oxydized  when  amalgamaled  with  tin, 
— wliy  works  of  metal,  which  are  soldered  toge- 
ther, soon  tarnish  in  the  places  where  the  metals 
are  joined, — and  why  tlje  copper  sheathing  of 
ships,  when  fastened  with  iron  nails,  is  soon  cor- 
roded about  the  place  of  contact.  In  all  these 
cases  a  galvanic  circle  is  formed  whicli  produces 
the  eftecls.  We  have  reason  to  believe  tliat,  in 
combination  with  tiie  discoveries  which  modern 
chemistry  is  daily  vtnfolciing,  the  agencies  of  this 
fluid  will  enable  us  to  carry  the  arts  forward  to- 
ward perfection,  and  to  tryce  the  secret  causes  of 
some  of  the  sublimest  phenomena  of  nature. 

VIII.  M.vGNETisM. — This  department  of  philo- 
Bophy  describes  the  ])henomena  and  the  properties 
of  the  loadstone,  or  natural  magnet.  The  natural 
magnet  is  a  hard  dark-colored  mineral  body,  and 
is  usually  found  in  iron  mines.  The  following 
are  some  of  its  characteristic  properties: — 1.  It 
attracts  iron  and  steel,  and  all  substances  which 
contain  iron  in  its  metallic  state.  2.  If  a  magnet 
be  suspended  by  a  tliread,  or  nicely  poised  on  a 
pivot,  or  placed  on  a  piece  of  wood,  and  set  to 
float  in  a  liasin  of  water,  one  end  will  constantly 
point  nearly  toward  the  north  pole  of  the  earth, 
and  the  other  toward  the  south;  and  lience,  these 
parts  of  the  magnet  have  been  called  the  noi-th  and 
south  poles.  3.  When  the  north  pole  of  one  mag- 
net is  presented  near  to  the  south  pole  of  another, 
they  will  attract  each  other;  b\;t  if  the  north  pole 
of  one  be  presented  to  the  north  pole  of  anoth.er, 
or  a  south  pole  to  a  south,  they  will  rciel  each 
other.  4.  A  magnet  placed  in  such  a  manner  as 
to  be  entirely  at  liberty,  inclines  one  of  its  jjoles 
lo  the  horizon,  and  of  course  elevates  the  other 
above  it.  Tliis  property  is  called  the  dippiny  of 
the  magnet.  5.  Magnets  do  not  point  direclly 
north  and  south;  but  in  diiTerent  parts  of  tiie 
world  with  a  difTerent  declination  eastward  or 
westward  of  the  north:  it  is  also  different  at  the 
same  place  at  different  times.  In  London,  and  in 
most  places  of  Great  Britain,  tlie  uiagnetic  needle 
in  liS24  pointed  about  24  degrees  to  the  west  of 
the  north.  For  more  than  160  yars  previouslj' 
it  Jiad  been  gradually  declining  from  the  north  to 
the  west;  but  seemed  then  to  have  begun  its  de- 
clination to  tlie  eastward.  6.  Any  r.iagnet  may 
be  made  to  communicate  the  prop-?r'aes  now  men- 
tioned to  any  piece  of  iron  or  steel.  For  example, 
by  gently  rubbing  a  penknife  with  a  magnet,  it 
will  be  immediately  invested  with  the  property  of 
attracting  noedles,  or  small  pieces  of  iron  or  steel. 


7.  Heat  weakens  the  power  of  a  magnet,  and  the 
gradual  addition  of  weight  increases  the  magnetic 
[lower.  b.  The  properties  of  the  magnet  are  not 
affected  either  by  the  presence  or  the  absence  of 
air;  and  the  magnetic  attraction  is  not  in  the 
least  diminished  by  the  interi)osilion  of  any  bodies 
except  iron.  A  magnet  will  equally  affect  the 
needle  of  a  pocket  compass,  when  u  thick  board 
is  placed  between  them,  as  when  it  is  removed. 
It  has  been  lately  discovered,  that  the  violet  rays 
of  the  solar  spectrum,  when  condensed  with  a  con- 
vex glass,  and  made  to  pass  along  a  piece  of  steel, 
have  the  power  of  communicating  to  it  the  mag- 
netic virtue. 

The  cause  which  produces  these  singular  j.ro- 
perties  of  the  magnet  has  hitherto  renjained  a 
mystery;  but  the  knowledge  of  the  polarity  of  the 
magnet  has  been  applied  to  a  nsost  inniorlant 
practical  purpose.  By  means  of  it,  man  has  now 
acquired  the  dominion  of  the  ocean,  and  has 
learned  to  trace  his  course  through  the  pathless 
deep  to  every  region  of  the  globe.  There  can  be 
little  doubt,  tliat  magnetism  has  an  intimate  con- 
nection with  electricity,  galvanism,  light,  heat, 
and  chemical  action;  and'  the  discoveries  which 
have  been  already  made,  and  otliers  to  be  expect- 
ed, from  the  experiments  of  Morichini,  Oersted, 
Abraham,  Hansteeu,  Earlow,  Beaufoy,  Ampere, 
and  Scoresby,  promise  to  throw  sou)e  light  on 
this  mysterious  agent,  and  on  the  phenomena  of 
nature  v.'ith  which  it  is  connected. 

Electro-Magnetism- — This  is^a  new  science 
founded  on  the  connection  which  is  now  ascer- 
tained to  subsist  between  Electricity  and  Mag- 
netism. In  the  year  lbl9,  Professor  Oersted  of 
Copenhagen  discovered  thai,  when  a  wire  conduct- 
ing electricity  is  placed  parallel  to  a  magnetic 
needle,  properly  suspended,  the  needleNvill  deviate 
from  its  original  or  natural  direction.  I.  If  the 
needle  be  above  the  conducting  wire,  and  the  poci- 
tive  electricity  goes  from  right  to  left,  the  north 
end  of  the  neecle  will  be  moved  Jro??j  the  observer, 
or  to  the  west.  2.  If  the  needle  is  below  the  wire, 
and  the  electricity  passes  as  before,  the  north  end 
of  the  needle  will  be  moved  toward  the  observer 
or  to  the  east.  3.  If  the  needle  is  in  the  same 
horizontal  plane  with  the  wire,  and  is  between  the 
observer  and  the  wire,  the  north  end  of  it  will  be 
elevated.  4.  If  the  neecle  is  similarly  placed  on 
the  opposite  side,  the  north  end  of  it  will  be  de- 
pressed. From  these  facts  M.  Oersted  concludes, 
that  the  magnetical  action  of  the  electrical  current 
has  a  circular  motion  round  the  wire  which  con- 
ducts it. — When  these  experiments  were  com- 
menced, and  repeated,  and  varied  by  other  phi- 
losophers, a  multitude  of  new^  facts  were  soon 
brought  to  light  through  the  labors  of  Davy, 
Faraday,  Ampere, Barlow,  Eiot,  and  other  experi- 
nienters.  Two  very  important  facts  were  ascer- 
tained by  Ampere  and  Davy — that  the  conjunc- 
tive wire  itself  becomes  a  magnet  —  and  that 
magnetic,  properties  might  be  communicated  to  a 
sieel  needle  not  previously  possessing  them,  by 
placing  it  in  an  electrical  current.  The  former 
of  tiie.se  facts  is  proved  by  throwing  iron  things 
on  paper  and  bringing  tlieni  under  the  wire,  wheji 
they  will  immediately  adhere  to  it,  forming  a  tuft 
round  it  10  or  12  times  the  diameter  of  tl-e  wire. 
On  breaking  the  connection  vv'ilh  the  battery, 
however,  they  immediately  fall  off,  proving  that 
the  magUv-tic  effect  depends  entirely  on  the  pas- 
sage of  the  electricity  through  the  wire.  The 
degree  of  force  of  the  magnetic  property  thus 
communicated  to  the  uniting  wire,  is  considered 
by  Sir  II.  Davy,  to  be  proportional  to  the  quantity 
of  electricity  transmitted  through  it      Hence  the 
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finer  tlie  wire  the  more  powerfully  magnetic  was 
it  rendered;  and  hence  also  a  battery  of  very  largo 
plates  was  found  to  giv^e  the  strongest  inagaetisin 
to  the  wire  connecting  its  poles. 

The  following  are  some  of  the  results  of  experi- 
ments which  have  been  made  on  this  subject; — 1. 
The  deviation  of  the  magnetized  needle  is  greater 
or  less,  according  to  the  nature  of  the  conducting 
wire;  and  copper  appears  to  bo  of  all  metals  that 
which  produces  the  most  powerful  effects.  2. 
The  intensity  of  an  electrical  current  is  constant 
throughout  the  whole  of  a  homogeneous  wire 
whatever  may  be  its  length.  3.  If  two  homo- 
geneous conductors  be  simultaneously  adapted  to 
the  same  galvantic  pile — first,  the  absolute  inten- 
sity of  the  current  decreases  in  the  inverse  ratio 
of  the  square  root  of  the  length  of  the  wire — and 
secondly,  when  tlie  thickness  of  the  wires  is  al- 
tered, the  intensity  of  the  current  increases  with 
their  diameter  to  a  certain  limit,  beyond  which  an 
increase  of  thickness  no  longer  produces  any 
change  in  the  intensity  of  the  current.  4.  When 
the  conjunctive  wires  of  two  distinct  galvanic 
arrangements  are  made  to  approach  each  other, 
magnetic  attractions  and  repulsions  are  observed. 
Two  wires  of  copper,  silver,  or  any  other  metal,  con- 
necting the  extremities  of  two  galvanic  troughs, 
being  placed  parallel  to  each  other,  and  suspended 
so  as  to  move  freely,  immediately  attract  and  repel 
each  other,  according  as  the  directions  of  the  cur- 
rents of  electricity  flowing  through  them  are  the 
same  or  different. — On  this  experiment  is  founded 
the  most  plausible  and  rational  theory  of  magnet- 
ism, namely,  that  it  arises  from  the  altractions  and 
repulsions  of  currents  of  eleclririty  cnnstanily  cir- 
culating round  every  magnet.  This  is  considered 
as  explaining  the  reason  why  the  magnetic  needle 
places  itself  at  right  angles  to  a  wire  conducting 
electricity,  namely,  that  the  electric  current  pass- 
ing along  the  wire  may  coincide  with  that  circu- 
lating round  the  magnet. 

These,  and  a  great  number  of  otlier  facts,  it  Is 
presumed,  clearly  demonstrate  the  perfect  resem- 
blance, or  rather  identity,  of  electricity  and  mag- 
netism. Magnetic  phenomena  are  thus,  in  fact,  a 
series  of  electrical  phenomona,  and  magnetism 
may,  with  propriety,  form  a  branch  of  electrici- 
ty, under  the  head  of  E'ectrical  currents.  Cur- 
rents of  electricity,  according  to  this  theory,  are 
essentinl  to  the  jiroduction  of  magnetic  phenome- 
na; but  these  are  not  obvious  in  a  co;iimon  mag- 
net. M.  Ampere  has  suggested  their  existence, 
however,  and  has  so  .irranged  them  theoretically, 
as  to  .nccount  for  a  great  proportion  of  magnetic 
appearances.  A  magnet,  he  conceives,  to  be  an 
assemblage  of  as  many  electrical  currents  moving 
round  it  in  ])lanes  perpendicular  to  its  axis,  as 
there  may  be  imagined  lines,  which,  without  cut- 
ting one  another,  form  closed  curves  round  it.  A 
permanent  magnet,  then,  may  be  conceived  to  be 
a  iimss  of  iron  or  steel  round  the  axis  of  which  elec- 
tric currents  are  continually  circulating,  and  these 
currents  attract  all  other  electric  currents  flowing 
in  the  same  direction,  and  repel  all  others  u-ldc'i  are 
moving  in  an  opposite  direction.  0ns  important 
circumstance  is  always  to  be  kept  in  view,  that 
the  electric  currents  flow  round  every  magnet  in 
thf  same  direction  in  reference  to  its  poles.  If, 
for  instance,  we  place  a  magnet  with  its  north 
pole  pointing  to  the  north,  in  tlie  usual  position 
of  the  magnetic  needle,  the  current  of  electricity 
Hows  round  it  from  west  to  east — or  in  the  direc- 
tion in  which  the  planets  revolve,  and  the  earth 
on  its  axis — or  on  the  western  side  of  the  magnet 
it  is  moving  upward,  and  on  the  eastern  side 
•lowuward;  on  the  upper  side  from  west   to  east, 


and  on  the  lower  side  from  east  to  west.  This  is 
ascertained  to  be  a  uniform  law,  and  on  these 
principles  most  of  the  phenomena  of  magnetism 
may  be  accounted  for. 

'I'o  complete  the  view  of  Ampere's  doctrine  on 
this  point,  it  remains  onl)'  to  explain  the  influence 
of  the  earlli  on  the  magnet  by  which  the  needle 
is  kept  always  in  one  position,  nearly  coinciding 
with  the  meiidian.  lie  maintains  that  currents 
of  electricity,  analogous  to  those  which  circulate 
round  every  magnet,  are  constantly  floating  round 
the  globe,  as  the  current  of  electricity  in  a  gal- 
vanic apparatus  moves  in  an  unbroken  circuit 
from  the  negative  to  the  positive  pole,  and  from  it, 
bj'  the  connecting  wire,  round  again  to  the  nega- 
tive pole.  The  direction  of  these  currents  ha 
infers  to  be  the  same  as  has  been  stated  with  arti- 
ficial magnets;  and  it  is  simply  by  the  attractions 
and  repulsions  of  these  terrestrial  currents,  biing- 
ing  the  currents  round  the  needle  to  coincide  with 
them,  tliat  the  latter  always  points  to  the  north. 
The  cause  of  these  electric  currents  thus  inferred 
to  be  constantly  circulating  round  the  globe,  is, 
as  yet,  involved  in  obscurity.  They  are  supposed 
to  move  at  right  angles  to  iho  magnetic  meridian, 
or  nearly  parallel  with  the  equator,  on  the  eastern 
.side  of  the  earth  moving  from  us,  and  on  the 
western  side  flowing  toward  us.  It  is  conjectured 
that  tiie  arrangement  of  the  materials  of  the 
globe  may  be  such  as  to  constitute  a  battery,  ex- 
isting like  a  girdle  round  the  earth,  which,  though 
composed  of  comparatively  weak  materials,  may 
be  sufficiently  extensive  to  produce  the  efrccts  of 
terrestrial  magnetism.  Its  irregularity,  and  the 
changes  it  may  accidentally  or  periodically  suffer, 
may  explain  the  phenomenon  of  the  variation  of 
the  compass; — or  the  general  action  producing 
the  currents  of  electricity  may  be  affected  by  dif- 
ferent causes,  as  the  motions  of  the  earth,  the  cur- 
rents of  the  atmosphere,  the  process  of  evapora- 
tion, and  the  solar  heat.  It  may  also  be  supposed 
that  much  of  the  variation  depends  on  the  progress 
of  oxydation  in  the  continental  regions  of  tlie 
globe. 

In  connection  with  the  principles  and  phenome- 
na stated  above, — by  means  of  a  galvanic  battery, 
iron  may  he  temporarily  maqnctlzed—\\\  other  words, 
endowed  with  an  attractive  power,  so  long  as  it  it 
kept  in  connection  with  the  galvanic  apparatus 
A  magnet  of  this  kind  is  generally  formed  in  the 
shape  of  a  horse-shoe;  and  vi'hen  suspended  so  a» 
to  present  the  extremities  downward,  and  v^hen 
the  galvanic  communication  is  establislied,  the 
magnetic  power  is  instantly  exerted,  aiid  a  bar  of 
iron  held  to  the  extren.ities  will  be  immediately 
attracted,  and  firmly  adhere.  But,  on  loosening 
the  connection  wit*i  'no  battery,  the  magnetic 
power  is  inwtanHy  djs'royer',  and  the  hall  ot  iron 
falls  to  the  grou-jt'.  Suc'i  marnetn,  which  have 
obtained  the  u'.rre  of  Eieciro ■mr.gnHs,  have  been 
thus  made,  eir'.o'/ed  with  very  great  attractive 
power,  so  as  to  r-U'^CEm,  in  some  cases,  a  weight  of 
above  21)00  pounds,  or  nearly  a  ton.  These  mag- 
nets, like  ti7o:ie  which  possess  permanent  magnet-  ' 
ism,  have  opposite  poles,  one  attracting,  and  the 
other  repelling. 

This  new  science  of  Electro-magnetism  has 
opened  up  new  and  more  expansive  views  to  \hn 
philosophic  world,  in  reference  to  the  powers  of 
Electricity,  Galvanism,  and  Magnetism,  and  their 
relation  to  each  other;  and  in  the  progress  of  the 
investigations  which  are  now  going  forward,  we 
hav&  reason  to  hope  that  some  of  the  liitherto 
latent  principles  v/hich  pervali;  our  terrestrial  sys- 
tem will  be  unfolded,  and  the  diversified  phenome- 
na they  produce  more  fully  explained  and  illus- 
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trated.  It  is  probable,  too,  that  the  arts  will  be 
Improved  by  the  application  of  the  principles 
which  this  science  has  brought  to  light;  and  tliey 
have  already  been  applied  to  machinery  to  pro- 
duce rotatory  and  impulsive  motions. 

Such  is  a  faint  outline  of  some  of  the  interest- 
ing subjects  which  Natural  Philosophy  embraces. 
Its  relation  to  Religion  will  appear  from  the  fol- 
lowing considerations: — 

1.  Its  researches  have  led  to  the  invention  of 
machines,  engines,  and  instruments  of  various 
kinds,  which  augment  the  energies,  increase  the 
comforts,  and  promote  the  general  improvement 
of  mankind  ;  and  these  objects  are  inseparably 
connected  with  the  propagation  of  Christianity 
through  the  world.  If  we  admit  that,  in  future 
ages,  the  religion  of  tlie  Bible  will  shed  its  benign 
influence  over  all  nations — that  the  external  con- 
dition of  the  human  race  will  then  be  prosperous 
and  greatly  meliorated  beyond  what  it  has  ever 
been' — and,  that  no  miraculous  interposition  of 
Deity  is  to  be  expected  to  bring  about  such  desira- 
ble events — it  will  follow,  that  such  objects  can 
be  accomplished  only,  in  the  ordinary  course  of 
Providence,  by  rational  investigations  into  the 
principles  and  powers  of  Nature,  and  the  appli- 
cation of  the  inventions  of  science  to  the  great 
objects  of  religion,  and  of  human  improvement, 
as  I  shall  endeavor  briefly  to  illustrate  in  the  fol- 
lowing chapter.  As  the  destructive  effects  of 
many  physical  agents,  in  the  present  constitution 
of  our  globe,  are,  doubtless,  a  consequence  of  the 
ein  and  depravity  of  man — we  have  reason  to  be- 
lieve, that,  when  the  economy  of  nature  shall  be 
more  extensively  and  minutely  investigated,  and 
the  minds  of  men  directed  to  apply  their  discove- 
ries to  philanthropic  and  religious  objects,  they 
will  be  enabled  to  counteract,  in  a  great  measure, 
tliose  devastations  and  fatal  effects  which  are  now 
produced  by  several  of  the  powers  of  nature. 
The  g-eneral  happiness  of  all  ranks,  which  will  be 
connected  with  the  universal  extension  of  Chris- 
tianity, necessarily  supposes  that  this  object  will 
be  accomplished;  for,  w_ere  a  dvead  of  destruction 
from  the  elements  of  nature  frequently  to  agitate 
the  mind,  as  at  present,  no  permanent  tranquillity 
would  be  enjoyed;  nor  would  that  ancient  predic- 
tion in  reference  to  this  era,  receive  its  full  ac- 
complishment, that  "  there  shall  be  nothing  to  hurt 
or  destroy  in  all  God's  holy  mountain,  when  the 
earth  shall  be  full  of  the  knowledge  of  the  Lord." 
And  since  miraculous  interpositions  are  not  to  be 
expected,  to  what  quarter  can  we  look  for  those 
subordinate  agencies  by  which  this  object  is  to  be 
effected,  but  to  the  discoveries  and  inventions  of 
philosophical  science? 

Science  has  already  enabled  us  to  remedy  many 
of  those  evils  which  are  the  accidental  effects  of 
the  operation  of  physical  agents.  For  example — 
the  discoveries  of  the  philosophfr,  with  respect  to 
the  nature  of  the  electric  fluid,  have  enabled  us  to 
construct  conductors  for  preserving  buildings  from 
the  stroke  of  lightning;  and  we  have  every  reason 
to  hope,  that,  in  the  progress  of  electric,  galvanic, 
and  chemical  science,  more  complete  thunder- 
guards,  applicable  to  all  the  situations  in  which  a 
person  may  be  exposed,  will  be  invented.  Nay, 
our  increasing  knowledge  of  the  electric  fluid, 
and  of  the  chemical  agents  which  concur  in  its 
operation,  may  enable  us  to  dissipate  thunder- 
storms altogether,  by  disturbing  the  electricity  of 
the  clouds,  by  means  of  a  series  of  elevated  artifi- 
cial conductors.  This  is  not  only  possible,  but 
has  already  been  in  some  degree  effected.  The 
celebrated  Euler  informs  us,  in  his  "  Letters  to  a 
German  Princess,"  that  he  corresponded  with  a 


Moravian  priest,  named  Divisch,  who  assured  him, 
"  that  he  had  averted,  during  a  whole  summer, 
every  thunder-storm  which  threatened  his  own 
habitation  and  the  neighborhood,  by  means  of  a 
machine  constructed  on  the  principles  of  electri- 
city— that  the  machinery  sensibly  attracted  the 
clouds,  and  constrained  them  to  descend  quietly 
in  a  distillation,  without  any  bat  a  very  distant 
thunderclap."  Euler  assures  us,  that  "the  fact 
is  undoubted,  and  confirmed  by  irresistible  proof." 
Yea,  not  only  may  the  destructive  effects  of 
lightning  be  averted  by  the  inventions  of  philoso- 
phy, but  its  agency  may  be  rendered  subservient 
to  iiuman  industry,  and  made  to  act  as  a  mechani- 
cal power.  This  effect,  too,  has  been  partially 
accomplished.  About  the  year  1811,  in  the  vil- 
lage of  Philipsthal,  in  Eastern  Prussia,  an  attempt 
was  made  to  split  an  immense  stone  into  a  multi- 
tude of  pieces,  by  means  of  lightning.  A  bar  of 
iron,  in  the  form  of  a  conductor,  was  previously 
fixed  to  the  stone,  and  the  experiment  was  atten- 
ded with  the  most  complete  success;  for,  during 
the  very  first  thunder-storm,  the  lightning  burst 
the  stone  without  displacing  it.* 

It  is,  therefore,  probable  that,  in  the  future  ages 
of  the  world,  this  terrific  meteor,  and  other  de- 
structive agents,  which  now  produce  so  much 
alarm,  and  so  many  disastrous  effects,  may,  by 
the  aid  of  philosophy,  be  brought  under  the  con- 
trol of  man,  and  be  made  to  minister  to  his  enjoy- 
ment. 

The  electric  fluid  has  also  been,  in  many  in- 
stances, successfully  applied  in  curing  palsies, 
rheumatisms,  spasms,  obstructions,  and  inflam- 
mation; and  it  is  known  to  have  a  peculiar  effect 
on  the  nervous  system.  Lightning  has  been 
known  to  restore  the  blind  to  a  temporary  enjoy- 
ment of  sight.  Mr.  Campbell,  of  Succouth,  in 
Dunbartonshire,  who  had  been  blind  for  several 
•years,  was  led  by  his  servant  one  evening  through 
the  streets  of  Glasgow,  during  a  terrible  thunder- 
storm. The  lightning  sometimes  fluttered  along 
the  streets  for  a  quarter  of  a  minute  without 
ceasing.  While  this  fluttering  lasted,  Mr.  Camp- 
bell saw  the  street  distinctly,  and  the  changes 
which  had  been  made  in  that  part  by  taking  down 
one  of  the  city  gates.  When  the  storm  was  over, 
his  entire  blindness  returned. — The  following  in- 
stance, stated  by  Professor  Robison,  as  related  by 
one  of  his  friends,  is  no  less  remarkable.  Ono 
evening  in  autumn,  he  was  sitting  with  a  gentle- 
man who  had  the  same  disorder  as  the  gentleman 
mentioned  above,  and  he  observed  several  lambent 
flashes  of  lightning.  Their  faces  were  turned  to 
the  parlor  window;  and  inmiediately  after  a  flash, 
the  gentleman  said  to  his  wife,  "  Go,  ray  dear, 
make  them  shut  the  white  gate;  it  is  open,  you 
see."  The  lady  did  so,  and  returned;  and,  after 
a  little,  said,  "  But  how  did  you  know  that  the 
gate  was  open?"  He  exclaimed,  with  wonder, 
"  I  saw  it  open,  and  two  men  look  in,  and  go  * 
away  again" — which  our  friend  also  had  observ- 
ed—  the  gentleman,  on  being  close-questioned, 
could  not  recollect  having  had  another  glance, 
nor  why  it  had  not  surprised  him;  but  of  the 
glimpse  itself  he  was  certain,  and  described  tha 
appearance  very  exactly.f 

It  is  also  possible,  that  barren  deserts  might  be 
enriched  with  fertility,  and  immense  portions  of 
the  desolate  wastes  of  our  globe  prepared  for  the 
support  and  accommodation  of  human  beings,  by 
arresting  the  clouds,  and  drawing  down  their  eleo 


*  See  IVTontlily  Magazine,  vol.  xxii,  p.  162. 
t  Slip,  to  Eiicy.  Brit.,  3ii  edit..  Art,  T/iuiuier — written  bj 
the  late  br.  Ki.Lison. 
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trical  virtue  and  their  watery  treasure,  by  means 
of  an  extended  series  of  elevated  metallic  conduc- 
tors. What  lias  been  now  stated,  is  only  one  in- 
stiince  out  of  many  which  mi^ht  be  produced,  of 
the  extensive  and  beneficial  effects  which  may  be 
produced,  in  future  ages,  by  the  application  of 
the  discoveries  of  natural  science. 

2.  A  knowledge  of  Natural  Philosophy  enables 
us  to  detect  pretended  miracles,  and  to  discriminate 
between  those  phenomena  whicli  are  produced  by 
the  powers  of  nature,  and  the  supposed  effects  of 
diabolical  influence.  It  has  been  chiefly  ov.'ing  to 
ignorance  of  the  principles  of  natural  science, 
that  mankind,  in  ali  ages,  have  been  so  easily  im- 
posed upon  by  pretenders  to  supernatural  powers. 
It  is  owing  to  the  same  cause,  that  superstitious 
notions  and  vain  alarms  have  spread  tlieir  influ- 
ence so  extensively  among  the  lower  ranks  of  the 
population  of  every  country.  The  pretended  mi- 
racles by  which  Pagan  and  Popish  priests  endea- 
vor to  support  the  authority  of  their  respective 
religious  systems,  "and  every  species  of  degrading 
BUperstition,  vauisli  into  smoke,  wlien  examined 
by  the  light  of  modern  science;  and  there  can  be 
no  question,  that  an  enlightened  Missionary  would, 
in  many  instances,  find  the  principles  and  the  in- 
struments of  natural  philosophy  important  aux- 
iliaries in  undermining  the  fabric  of  heathen  ido- 
latry and  priestcraft.  They  tend  to  dissipate  a 
thousand  idle  terrors  which  haunt  and  agitate  the 
human  mind;  to  detect  a  thousand  kinds  of  im- 
posture by  which  it  has  been  held  in  cruel  bond- 
age; and  to  prevent  the  perpetration  of  those  deeds 
of  cruelty  which  have  uniformly  marked  the 
reign  of  Superstition.*  Had  our  forefathers  con- 
nected a  knowledge  of  this  subject  with  their 
study  of  the  Scriptures,  they  would  not  have 
brought  upon  themselves  that  indelible  disgrace 
which  now  attaches  to  their  memories,  on  account 
of  their  having  condemned  and  burned  at  the 
stake  thousands  of  unhappy  women,  accused  of 
crimes  of  which  they  could  not  possibly  have 
been  guilty. f  In  New  England,  toward  the  close 
of  the  17th  century,  the  witchcraft  frenzy  rose  so 
high,  that  the  execution  of  witches  became  a  ca- 
lamity more  dreadful  than  the  sword  or  the  pesti- 
lence. Not  only  old  women,  but  children  of  ten 
years,  were  put  to  death;  young  girls  were  strip- 
ped naked,  and  the  marks  of  witchcraft  searched 
for  upon  their  bodies  with  most  indecent  curiosity; 
and  those  spots  of  the  scurvy  which  age  impresses 
upon  the  bodies  of  old  men  were  taken  for  evident 


*  Mr.  Douglas,  in  his  "  Hints  on  Missions,"  suggests,  that 
Natural  Philosopliy  might  be  an  important  auxiliary  to 
Christian  Missionaries.  "All  the  ancient  '  war  weapons 
of  victory,'  excepting  miracles,  are  at  their  disposal;  and 
new  instruments  of  still  greater  potency,  which  the  science 
of  the  latter  days  has  been  accumulating  for  universal  revo- 
lution of  the  mind  are  ready  to  be  brought  into  action,  upon 
a  scale  of  overpowering  magnitude.  Even  tiie  single  re- 
source which  is  lost  may  yet  be  recompensed  by  equivalents, 
End  a  substitute,  in  many  respects,  may  be  found  for  mira- 
cles. Tlie  first  effect  of  a  miracle  is,  to  rouse  the  attention, 
and  to  overawe  opposing  prejudices;  the  second,  to  afford  a 

proof  of  religion  of  which  it  is  a  sealing  accompaniment. 

r/te  first  object  might  be  gained  by  the.  naturul  magic  of  ex- 
perimental philosophy ;  and  as  to  thesecond,  the  dilference 
in  the  proof  from  miracles,  lies  rather  in  its  being  more  cir- 
cuitous, than  in  its  being  less  conclusive  at  the  present  day, 
than  in  the  times  of  the  Apostles."  Mr.  Moffat,  missionary 
from  Africa,  lately  expressed  to  the  author  sentiments  simi- 
lar to  the  above,  and  intimated  his  ardent  desire  that  he 
might  be  furnished,  before  his  return,  with  an  apparatus  for 
the  purpose  of  expanding  the  minds  of  heathen  converts  in 
the  knowledge  of  nature. 

t  It  has  been  calculated  that,  in  Gcrmamy  alone,  the  num- 
her  of  victims  that  sutfered  for  the  supposed  crime  of  witch- 
craft from  1484— the  date  of  the  hull  of  Pope  Innocent  VIII, 
against  v.itclicraft— until  the  beginning  of  the  eighteenth 
cen.urj, considerably  exceeds  one  hundnd  tlwtisaud! 


signs  of  infernal  power.  So  that  ignorance  of 
the  laws  and  phenomena  of  nature  has  led  even 
Christians  to  commit  acts  of  injustice  and  horrid 
cruelty.  For,  let  it  be  remembered  that  it  was 
Christian  magistrates  and  ministers,  under  a  pre- 
tended zeal  for  the  honor  of  God,  who  sanctioned 
such  cruel  and  unrighteous  decrees.  This  con- 
sideration, viewed  in  connection  with  many  oth- 
ers, tends  to  show,  that  the  Christian  revelation, 
considered  abstractly  by  itself,  without  a  refer- 
ence to  the  visible  system  of  the  universe,  is  not 
suiScient  for  all  the  purposes  for  which  it  was  in- 
tended; as,  on  the  other  hand,  the  study  of  the 
works  of  nature  is  not  suflicient  of  itself  to  lead 
the  mind  to  the  true  knowledge  of  God,  without 
the  aid  of  the  discoveries  derived  from  the  sacred 
oracles.  For,  although  the  Eible  has  been  in  the 
hands  of  Protestant  Christians  ever  since  the  Re- 
formation, yet  it  is  only  since  the  light  of  modern 
science  began  to  diffuse  its  influence,  that  tiie  su- 
perstitions of  the  dark  ages,  and  the  vulgar  notions 
respecting  witchcraft,  necromancy,  and  other  spe- 
cies of  infernal  agency,  began  to  evanish,  even 
from  the  minds  of  Christian  teachers;  as  is  evi- 
dent from  the  writings  of  many  eminent  divines 
who  flourished  during  the  16th  and  17th  centu- 
ries. As  the  two  revelations  which  God  has  given 
throw  a  mutual  luster  on  each  other,  the  one 
must  always  be  considered  as  incomplete  without 
the  other.  Both  are  necessary,  in  order  "  to  make 
the  man  of  God  perfect,"  and  to  enable  him  to 
prosecute,  with  intelligence  and  success,  the  great 
objects  of  religion;  and  the  Christian  minister 
who  affects  to  despise  the  aids  of  science  in  the 
cause  of  religion  has  yet  much  to  learn  with 
respect  to  some  of  the  grand  bearings  of  the  Chris- 
tian system. 

H.  The  investigations  of  natural  philosophy'  un- 
fold to  us  the  incessant  agency  of  God,  and  the 
plans  by  which  his  wise  and  benevolent  designs  in 
the  system  of  nature  are  accomplished.  From 
the  immeasurable  globes  of  heaven,  down  to  th» 
minutest  atoms,  we  perceive  a  regular  chain  of 
causes  and  effects,  conspiring,  in  a  thousand  diffe- 
rent modes,  to  accomplish  the  purposes  of  infinite 
wisdom  and  goodness.  The  operation  of  central 
forces,  and  of  the  law  of  gravitation  on  the  earth, 
and  in  the  heavens — the  hydrostatical  laws  which 
regulate  the  pressure  and  the  motion  of  fluids — 
the  chemical  properties  of  the  atmosphere,  its  un- 
dulatory,  refractive,  and  reflective  powers  —  the 
motion  of  the  rays  of  light,  and  the  infinite  variety 
of  effects  they  produce — the  process  of  evapora- 
tion— the  agencies  of  electricity  and  galvanism — 
the  properties  of  the  magnet,  and  the  chemical 
action  of  acids  and  alkalies,  and  of  the  minutest 
particles  of  matter  upon  each  other, — out^ht  to  be 
viewed  as  so  many  modifications  of  the  a'^ency 
of  Deity,  and  as  manifestations  of  his  wisdom,  in 
carrying  forward  those  plans  which  regard  t)  e  in- 
terests of  his  universal  kingdom;  jusl  as  \v-i  ron» 
sider  the  rise  and  fall  of  empires,  the  revolu'.ions 
of  nations,  and  the  circulation  of  the  Scriptures 
in  heathen  lands,  as  so  many  acts  of  his  moral 
administration  as  the  Governor  of  mankind.  For, 
let  it  be  carefully  remembered,  that  all  these  phy- 
sical agencies  have  ultimately  a  moral  and  intel- 
lectual bearing;  and  are  essentially  connected 
with  every  other  part  of  God's  proviJentiid  pro- 
cedure. Though  vre  may  be  apt  to  consider  them 
as  so  many  dtstached  and  insulated  pieces  of  ma- 
chiner)',  with  which  we  have  little  conoern,  or 
may  even  dislain  to  notice  their  mode  of  opera- 
tion; yet,  in  the  all-comprehensive  mind  of  Hijn 
who  takes  in,  at  one  glance,  the  whole  chain  of 
causes  and  effects,  they  are  as  essentially  coi> 
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nccted  witli  his  ultimate  purposes,  and  the  eternal 
destiny  of  man,  as  are  the  revelations  of  his 
word. — Were  a  single  principle  or  motion  which 
now  animates  the  system  of  nature  to  cease — 
were  the  agency  of  electricity,  for  example,  or  the 
principle  of  evaporation,  to  he  destroyed  —  the 
physical  constitution  of  our  globe  would  instant- 
ly be  deranged;  nature  would  be  tiirown  into 
confusion;  and  the  sentient  and  intellectual  beings 
that  now  inhabit  the  earth  would  either  be  de- 
stroyed, or  plunged  into  an  abyss  of  misery.  If 
therefore  we  admit,  that  the  moral  agenc}'  of  God 
IS  worthy  of  our  contemplation,  we  ouglit  to 
consider  his  physical  operations  also  as  no  less 
worthy  of  our  study  and  investigation;  since 
they  form  the  groundwork  of  all  his  other  mani- 
festations. 

There  is  nothing,  however,  which  so  strikingly 
characterizes  the  bulk  of  mankind,  and  even  the 
great  mass  of  the  Christian  world,  as  that  apathy 
and  indifference  with  which  they  view  the  won- 
ders of  creation  which  surround  them.  They 
can  look  on  all  that  is  grand  and  beautiful  and 
beneficent  in  nature,  without  feeling  the  least  sen- 
timent of  admiration  or  of  gratitude  to  that  Being 
who  is  incessantly  operating  within  them  and 
around  them;  and  they  are  disposed  to  consider 
tlie  experiments  of  philosophers,  by  which  the 
wonderful  agency  of  God  is  unvailed,  as  only  so 
many  toys  and  amusements  for  the  entertainment 
of  children.  They  would  prefer  the  paltry  enter- 
tainments of  a  card-table,  of  a  ball-room,  or  of  a 
gossiping  party,  to  the  inspection  of  the  nicest 
pieces  of  Divine  mechanism,  and  to  the  contem- 
plation of  the  most  august  scene  in  nature.  How- 
ever lightly  some  religionists  may  he  disposed  to 
treat  this  suliject,  that  spirit  of  indifTerence  with 
which  the  visible  works  of  God  are  treated  must 
be  considered  as  flowing  from  the  same  depraoed 
principle,  which  leads  multitudes  to  reject  the  re- 
velations of  the  Bible,  and  to  trifle  with  their 
everlasting  interests.  "  Man,"  says  RoUin,  "  lives 
in  the  midst  of  a  world  of  which  he  is  the  sove- 
reign, as  a  stranger,  who  looks  with  indifference 
upon  all  that  passes  in  it,  and  as  if  it  were  not  his 
concern.  The  universe,  in  all  its  parts,  declares 
and  points  out  its  Author;  but,  for  the  most  part, 
to  the  deif  and  blind,  who  have  neither  ears  to 
hear,  nor  eyes  to  see.  One  of  the  greatest  services 
that  philosophy  can  do  us,  is  to  awaken  us  from 
tliis  drowsiness,  and  rouse  us  from  this  lethargy, 
which  is  a  dishonor  to  humanity,  and  in  a  man- 
ner reduces  us  below  the  beasts,  whose  stupidity 
is  the  consequence  of  their  nature,  and  not  the 
elTect  of  neglect  or  indifTerence.  It  awakens  our 
curiosity,  it  excites  our  attention,  and  leads  us,  as 
it  were,  by  the  hand,  through  all  the  parts  of  na- 
ture, to  induce  us  to  study  and  search  out  the 
wonderful  works  of  it."* 

Since,  therefore,  the  science  of  natural  philo- 
sophy is  conversant  about  the  works  of  the  Al- 
mighty, and  its  investigations  have  a  direct  ten- 
dency to  illustrate  the  perfections  of  his  nature, 
to  unvail  the  plan  of  his  operations,  to  unfold  the 
laws  by  which  he  governs  the  kiiigdom  of  uni- 
versal nature,  and  to  display  tlie  order,  symmetry, 
and  pro;)ortion,  which  reign  throughout  the  whole 
— it  would  be  needless  to  enter  into  any  further 
process  of  reasoning,  to  show  that  the  study  of  it 
is  connected  with  the  great  objects  of  religion. — 
Wh^>tever  studies  tend  to  raise  our  minds  to  the 
Supreme  Ruler  of  all  worlds  —  to  expand  our 
views  of  his  infinite  knowledge  and  wisdom — to 
ttxcite  GUI  gratitude  and  our  admiration  of  theba- 

*  Belles  Letues,  vol.  iv. 


neficent  designs  which  appear  n  all  his  arrange- 
ments— to  guard  us  against  erroneous  conception* 
of  his  providential  procedure — and  to  furnish  us 
with  important  auxiliaries  for  extending  the  influ- 
ence of  his  religion  through  the  world — must  al- 
ways be  interesting  to  every  Christian  wlio  wishes 
to  enlarge  his  intellectual  views,  and  to  make 
progress  in  the  knowledge  of  God. 

CHEMISTRY. 

This  science,  which  is  intimately  related' to  tha 
preceding,  has  for  its  object  to  ascertain  the  ingre- 
dients, or  first  principles,  of  which  all  matter  is 
composed — to  examine  the  compounds  formed  by 
the  combination  of  these  ingredients — to  investi- 
gate those  changes  In  natural  bodies,  which  are 
not  accompanied  with  sensible  motion,  and  th»« 
mature  of  the  power  which  produces  these  coni 
binalions  and  changes. 

Within  the  limits  of  the  last  half  century,  the 
empire  of  Chemistry  has  been  wonderfully  ex- 
tended. From  an  obscure  and  humble  place 
among  the  objects  of  study,  it  has  risen  to  a  liigh 
and  dignified  station  among  those  sciences  wliicli 
improve  and  adorn  the  human  mind.  No  longer 
confined  to  the  paltry  and  mercenary  object  of 
searching  for  the  philosopher's  stone,  or  of  fur- 
nishing a  little  amusement,  it  now  extends  its 
sway  over  all  the  arts  which  minister  to  the  com- 
fort and  improvement  of  social  life,  and  over  every 
species  of  animate  and  inanimate  matter,  within 
the  range  of  human  investigation.  There  is 
scarcely  any  science  so  immediately  conducive 
to  social  improvement  and  human  comfort.  To 
whatever  art  or  manufacture  we  turn  our  atten- 
tion, we  find  that  it  has  either  been  created  by 
chemistry,  or  is  indebted  to  its  discoveries  for 
some  of  its  greatest  improvements;  and  to  what- 
ever process  in  the  material  world  we  direct  our 
investigations,  the  principles  of  this  science,  as 
deduced  from  modern  experiments  and  discove- 
ries, are  capable  of  being  applied.  "  The  forms 
and  appearances,"  says  Sir  Humphrey  Davy,  "  of 
the  beings  and  substances  of  the  external  world, 
are  almost  infinitely  various,  and  they  are  in  a 
state  of  continued  alteration.  Even  the  earth  it- 
self, throughout  its  whole  surface,  undergoes  mo- 
difications. Acted  on  by  moisture  and  air,  it 
ailords  the  food  of  plants;  an  immense  number 
of  vegetalile  productions  arise  from  apparently  the 
same  materials;  these  become  the  substance  of 
animals;  one  species  of  animal  matter  is  convert- 
ed into  another;  the  most  perfect  and  beautiful  of 
the  forms  of  organized  life  ultimately  decay,  and 
are  resolved  into  inorganic  aggregates;  and  the 
same  elementary  substances,  differently  arranged, 
are  contained  in  the  inert  soil;  or  bloom,  and 
emit  fragrance  in  the  flower;  or  become,  in  ani- 
mals, the  active  organs  of  miiv  and  intelligence. 
In  artificial  operations,  change  of  the  same  order 
occur:  substances  having  the  characters  of  earth, 
are  converted  into  metals;  clays  and  sands  are 
united,  so  as  to  become  porcelain;  earths  and  al- 
kalies are  combined  into  glass;  acrid  and  corro- 
sive matters  are  formed  from  tasteless  substances; 
colors  are  fixed  upon  stuffs;  or  changed,  or  made 
to  disappear;  and  the  productions  of  the  vegeta- 
ble, mineral,  and  animal  kingdoms,  are  converted 
into  new  forms,  and  made  subservient  to  the  pur- 
poses of  civilized  life. — To  trace,  in  d'Hail,  those 
diversified  and  complicated  phcnomi^na;  to  ar- 
range them,  and  deduce  general  laws  from  their 
analogies,  is  the  business  of  Chemistry."* 

.  *  Elements  of  Chemical  Fliilosophy. 
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Chemists  have  arranged  the  general  forms  of 
mjtter  into  the  four  following  classes: — The  first 
class  consists  of  solids,  wliich  form  the  principal 
parts  of  the  gflobe,  and  which  dilfer  from  each 
other  ill  hardness,  color,  opacity,  transpan.'ncy, 
density,  and  other  properties.  The  second  class 
consists  of  fluids,  such  as  water,  oils,  spirits,  etc., 
wiiose  parts  possess  freedom  of  motion,  and 
require  great  mechanical  force  to  make  them 
occupy  a  smaller  space.  The  third  class  compre- 
hends F.t.ASTic  FLUIDS,  or  GASES,  whicli  cxist  freely 
in  the  atmosphere;  but  may  be  coiitined  by  solids 
and  tiuiJs,  and  their  properties  examined.  Their 
parts  are  highly  movable,  compressible,  and  ex- 
pansive; they  are  all  transparent;  they  present 
two  or  three  varieties  of  color;  and  they  differ 
greatly  in  density.  The  fourth  class  compreliends 
ETHEXKAL  SUBSTANCES,  whicii  are  known  to  us  only 
in  their  states  of  motion,  when  acting  upon  our 
organs  of  sense,  and  which  are  not  susceptible  of 
being  confined.  Such  are  the  rays  of  light,  and 
radiant  heat,  which  are  incessantly  in  motion, 
throughout  the  spaces  that  intervene  between  our 
globe,  and  the  sun  and  the  stars. — Chemists 
divide  the  substances  in  nature  also  into  simple 
and  COMPOU.ND.  Simple  substances  are  those 
whicli  have  never  yet  been  decomposed,  nor 
formed  by  art.  Compound  substances  are  those 
which  are  formed  by  the  union  of  two  or  more 
simple  substances.  The  following  are  all  the 
simple  substances  with  which  we  are  at  present 
acquainted:    Caloric,    light,  oxygen,   nitrogen, 

CARBON,      HYDROGEN,      SULPHUR,      PHOSPHORUS,      the 

metals,  and  some  of  the  earths. — All  tliat  I 
propose  under  this  article  is  simply  to  state  some 
of  the  properties  of  two  or  three  of  these  simple 
substances. 

Caloric,  or  elementary  fire,  is  the  name  now 
given  by  chemists  to  that  element  or  property 
which,  combined  with  various  bodies,  produces 
the  sensation  of  heat  while  it  is  passing  from  one 
body  to  another.  This  substance  appears  to  per- 
vade the  whole  system  of  nature.  There  are  six 
different  sources  from  whence  Caloric  may  be 
procured.  It  may  be  produced  by  combustion,  in 
which  process  the  oxygen  gas  of  the  atmosphere 
Is  decomposed,  and  caloric,  one  of  its  component 
parts,  set  at  liberty — by  friction,  or  the  rubbing 
of  two  substances  against  each  other — by  percus- 
sion, as  the  striking  of  steel  against  a  piece  of 
flint — by  the  mixture  of  two  or  more  substances,  as 
when  sulphuric  acid  is  poured  upon  water  or 
magnesia — by  electricitT)  and  galvanism.  The  dis- 
charge of  an  electric  or  galvanic  battery,  will 
produce  a  tnore  intense  degree  of  heat  than  any 
other  means  whatever.  But  the  principal,  and 
probably  the  original  source  of  caloric,  is  the  Sun, 
whicli  furnishes  the  earth  with  a  regular  supply 
for  the  support  and  nourishment  of  the  animal 
and  vegetable  tribes.  From  this  source  it  moves 
at  the  rate  of  192,000  miles  in  a  second  of  time; 
for  it  has  been  already  stated,  that  the  sun  sends 
forth  rays  of  heat  which  are  distinct  from  those 
wliich  produce  illumination,  and  whicli  accom- 
pany them  ill  their  course  through  the  ethereal 
regions. 

Caloric  is  the  cause  o(  flitidilij,  in  all  substances 
which  are  capable  of  becoming  iiuitl.  A  certain 
portion,  or  dose  of  it,  reduces  a  solid  body  to  the 
state  of  an  incompressible  fluid;  a  larger  portion 
brings  it  to  the  state  of  an  aeriform  or  gaseous 
fluid.  Thus,  a  certain  portion  of  caloric  reduces 
ice  to  a  slate  of  water;  a  larger  portion  converts 
it  into  ste:uTi  or  vapor.  There  is  reason  to  believe, 
that  the  hardest  rocks,  the  densest  metals,  and 
every  solid  suostance  on  the  face  of  the  earth, 


might  be  converted  into  a  fluid,  and  even  into  a 
gas,  were  they  submitted  to  the  action  of  a  very 
high  temperature.  Tliis  substance  is  called  sen- 
sible caloric,  when  it  produces  the  sensation  of 
heat;  and  latent  caloric,  when  it  forms  an  insen- 
sible part  of  the  substance  of  bodies.  One  of 
the  principal  effects  of  caloric  is  the  expansion  of 
bodies.  All  bodies,  with  a  very  few  exceptions, 
are  capable  of  expansion  by  means  of  heat;  the 
gases  being  the  most  expansive,  and  solids  the 
least  susceptible  of  expansion.  The  expansion  of 
gases  or  any  aeriform  substance  is  illustrated  by 
the  experiment  of  a  half-blown  bladder  held  before 
a  fire,  as  stated  under  tiie  article  Pneumatics,  p.  94. 
The  expansion  of  solids  is  illustrated  by  the 
following  process:  When  the  iron  rim  of  a  cart- 
wheel is  to  be  put  on,  it  is  first  heated  to  a 
considerable  degree.  When  hot,  the  circle  is 
somewhat  larger  than  when  cold,  and  thus  easily 
slips  round  tlie  wheel;  but,  as  it  cools,  the  circle 
decreases,  and  firmly  binds  together  the  wood- 
work of  which  the  wheel  is  composed.  In 
reference  to  Jluid  bodies  the  same  fact  is  exem- 
plified in  the  Thermometer — the  mercury  or  spirit 
of  wine  in  which  rises  or  falls  in  proportion  to  the 
quantity  of  heat  which  is  applied  to  the  instru- 
ment.— Other  effects  of  heat  are  liquefaction,  as 
when  ice  is  converted  into  water — vaporization,  as 
when  water  is  converted  into  steam — ignition,  as 
when  bodies  by  heat  are  made  to  produce  flame — 
and  evaporation,  when  substances  send  off  vapor 
from  their  surfaces  at  temj>eratures  below  the 
boiling  point.  The  heat  of  the  sun  and  other 
causes  produce  this  effect  every  day  over  the 
whole  surface  of  the  globe.  An  immense  quantity 
of  vapor  is  thus  continually  rising  from  the  sur 
face  of  the  land  and  seas,  whicli  is  either  formed 
into  clouds,  or  condensed  into  rains  or  dew — 
which  process  is  of  most  essential  service  through- 
out the  whole  economy  of  the  physical  constitutioD 
of  our  globe. — All  bodies  are,  in  a  greater  or  less 
degree,  conductors  of  caloric.  Metals  and  liquid* 
are  good  conductors  of  heat;  but  silk,  cotton 
wool,  wood,  etc.,  are  bad  conductors  of  it.  Foi 
example,  if  we  put  a  short  poker  into  the  fire  at 
one  end,  it  will  soon  become  hot  at  the  other;  but 
this  will  not  happen  with  a  piece  of  wood  of  pie 
same  length,  and  under  the  same  circumstances. 
A  person  with  a  silken  purse,  containing  metal 
coin,  may  stand  so  near  the  fire,  as  to  make  the 
metal  almost  too  hot  to  touch,  though  the  tem- 
perature of  the  purse  will  apparently  be  scarcely 
altered.  If  a  hand  be  put  upon  a  hot  body,  part 
of  the  caloric  leaves  the  hot  body  and  enters  the 
hand,  producing  the  sensation  of  heat.  On  the 
contrary,  if  a  hand  be  put  on  a  cold  body,  as  a 
piece  of  iron,  or  another  colder  hand,  part  of  the 
caloric  contained  in  the  hand  leaves  it  to  unite 
with  the  colder  body,  producing  the  sensation  of 
cold.  In  short,  caloric  is  diffused  throughout  all 
bodies,  and  enters  into  every  operation  in  nature; 
and,  were  it  not  for  the  influence  of  this  subtile 
fluid,  there  is  reason  to  believe  that  the  whole 
matter  of  the  universe  would  be  condensed  into  a 
solid  mass. 

Oxygen  is  a  very  pure,  subtile,  and  elastic  sub- 
stance, generally  diffused  throughout  nature;  but 
is  never  found  unless  in  combination  with  other 
substances.  It  is  one  of  the  most  important  agents 
in  nature;  there  being  scarcely  a  single  process, 
whether  natural  or  artificial,  in  wiiicli  oxygen  haa 
not  some  important  share.  When  combined  with 
caloric  it  is  called  oxygen  gas,  which  forms  one  of 
the  constituent  parts  of  the  atmosphere.  It  is  a 
permanently  elastic  fluid,  transparent,  colorless, 
and  destitute  of  taste  and  smell;  100  cubic  inches 
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of  it  weigh  33-9 153  grains,  that  is,  nearly  34  grains. 
And  as  tlie  same  bulk  of  common  air  weiglis 
30-8115  grains  under  the  same  circumstances,  the 
specific  gravity  of  oxygen  is  reckoned  1-1007,  tiiat 
of  common  air  being  reckoned  1-000,  though 
some  chemists  have  adopted  1-111  as  its  specific 
gravity  conij)ared  with  atmospheric  air.  In  this 
state,  it  forms  the  principle  of  combusiioii:  pro- 
ducing the  most  rapid  deflagration  of  all  combus- 
tible substances.  If  a  lighted  taper  be  let  down 
into  a  jar  of  oxygen  gas,  it  burns  with  such  splen- 
dor that  the  eye  can  scarcely  bear  the  glare  of 
light,  and    at    the   same   time   produces  a   much 

freater  heat  than  when  burning  in  common  air. 
f  a  steel  wire,  or  a  thin  file,  having  a  sharp  point, 
armed  with  a  piece  of  wood  in  intlanmiation,  be 
jntrodnced  into  a  jar  filled  with  this  gas,  the  steel 
will  take  fire,  and  its  combustion  will  continue 
producing  a  most  brilliant  phenomenon.  It  has 
been  proved,  by  numerous  experiments,  that  this 
gas  is  so  essential  to  combustion,  that  no  sub- 
stance will  burn  in  common  air  which  has  been 
previously  deprived  of  its  oxygen.  It  is  also  es- 
Bential  to  the  support  of  animal  life;  so  that  man, 
Hnd  all  the  inferior  ranks  of  animated  nature, 
may  be  said  to  depend  upon  this  fluid  for  their 
existence.  Its  basis  gives  the  acid  character  to  all 
mineral  and  vegetable  salts;  and  the  caleination 
of  metals  is  altogether  effected  by  their  nnion 
with  oxygen.  It  constitutes  the  basis  both  of  the 
atmosphere  which  surrounds  the  earth,  and  of  the 
water  which  forms  its  rivers,  seas,  and  oceans.  It 
pervades  the  substance  of  all  the  vegetable  tribes, 
and  enables  them  to  perform  their  functions;  and, 
in  combination  with  the  different  metals,  serves 
the  most  important  purposes  in  the  useful  arts. 
In  the  operation  of  this  elem:'ntary  principle,  we 
perceive  a  striking  display  of  the  agency  of  the 
Creator,  and  of  the  admirable  means  which  his 
wisdom  has  contrived  for  preserving  in  due  order 
the  S3  stem  of  nature.  And  as  this  wonderful 
substance  is  so  essentially  necessary  to  animal 
and  vegetable  existence, everything  is  so  arranged 
as  to  produce  a  regular  supply  of  it,  notwith- 
standing its  incessant  changes,  and  the  multif:iri- 
ous  combinations  into  which  it  is  continually 
entering. 

One  of  the  most  extraordinary  effects  of  ox3'gen 
appears,  when  it  is  combined,  in  a  certain  propor- 
tion, with  nitrogen,  so  as  to  form  the  gaseous 
oxide  of  nitrogen,  or  vi'hat  is  commonly  called 
nitrous  oxide.  This  gas  consists  of  63  parts  ni- 
trogen, and  37  oxygen,  by  weight.  When  inhaled 
into  the  lungs,  it  produces  an  extraordinary  ele- 
vation of  the  animal  spirits,  a  propensity  to  leap- 
ing and  running,  involuntary  fits  of  laughter,  a 
rapid  flow  of  vivid  ideas,  and  a  tliousand  delight- 
ful emotions,  without  being  accompanied  witii 
any  subsequent  feelings  of  debility.  This  cir- 
cumstance shows  what  a  variety  of  delightful  or 
pernicious  effects  might  flow  froin  tlie  slightest 
changf  in  the  constitution  of  the  atmospln-re, 
were  the  hand  of  the  Almighty  to  interpose  in 
altering  the  proportion  of  its  constituent  parts; 
for  almosidieric  air  is  composed  of  79  parts  of 
nitrogen,  and  21  of  oxygen,  which  is  not  a  very 
diffL-rent  proportion  from  the  above.  Another 
gas,  called  itilric  oxide,  composed  of  56  parts  oxy- 
gen, and  44  nitrogen,  produces  instant  suffocation 
in  all  animals  that  attempt  to  breathe  it.  One  of 
the  most  corrosive  acids,  the  nitrous  acid,  or  aqua- 
fortis, is  composed  of  75  parts  oxygen,  and  25 
parts  nitrogen;  so  that  we  are  every  moment 
breathing  a  certain  substance,  which,  in  .inothor 
combination,  would  produce  the  most  dreadful 
paiu,  and  cause  our  imniediate  destruction.  What 


a  striking  proof  does  this  afford  of  the  infinito 
comprehension  of  the  Divine  Mind,  in  foreseeing 
all  the  consequences  of  the  elements  of  nature, 
and  in  directing  their  numerous  combinations  in 
such  a  manner  as  to  promote  the  happiness  of 
animated  beings! 

NiTuoGEx,  or  azote,  is  a  substance  generally 
diffused  throughout  nature,  and  particularly  in 
animal  bodies.  It  is  not  to  be  i'ound  in  a  solid  or 
liquid  state,  but,  combined  with  caloric,  it  forn\3 
nitroyen  gas,  wliich  is  one  of  the  ingreaients  of 
the  atmosphere.  It  enters  extensively  into  com- 
bination with  various  substances;  it  is  an  abund- 
ant element  in  animal  matter;  and  its  existence  in 
such  large  quantity  is  a  chief  distinction  between 
the  constitution  of  the  substances  which  compose 
animal  and  vegetable  matter.  Its  specific  gravity 
is  0-9748,  which  is  lighter  than  common  atmos- 
pheric air,  and  therefore  ascends  in  it.  Were  it 
iieavier  it  would  accumulate  to  such  a  degree  in 
our  apartments  as  to  be  pernicious  and  even  de- 
structive to  our  health  and  existence.  It  is  inca- 
pable of  supporting  either  flame  or  animal  life. 
This  is  proved  by  introducing  an  animal,  or  a 
burning  candle,  into  a  vessel  full  of  this  gas;  in 
which  case,  the  animal  is  suddenly  suflbcated,  and 
the  candle  instantly  extinguished.  It  is  this  gas 
which  is  expelled  from  the  lungs  at  every  expira- 
tion, and  rising  over  our  heads,  soon  enters  into 
new  combinations.  Though  it  is  destructive  to 
animal  life,  it  appears  to  be  favorable  to  plants, 
which  vegetate  freely  when  surrounded  with  ni- 
trogen. 

Hydrogen  is  another  elementary  substance, 
abundant  in  nature,  and,  when  united  to  caloric, 
forms  hydrogen  gas.  It  is  one  of  the  constituent 
parts  of  water;  for  it  has  been  completely  demon- 
strated by  experiment,  that  water  is  composed  of 
85  parts  by  weight  of  oxygen,  and  15  of  hydro- 
gen, in  every  hundred  parts  of  the  fluid.  This 
g;is  was  formerly  known  by  the  name  of  injlam- 
miihie  air.  It  is  distinguished  among  miners  by 
the  name  of  fi re-dump ;  it  abounds  in  coal-mines, 
and  sometimes  produces  the  most  tremendous  ex- 
l^losions.*  It  is  incapable  by  itself  of  supporting 
combustion,  and  cannot  be  breathed  without  the 
most  imminent  danger.  It  is  the  chief  constitu- 
ent of  oils,  fats,  spirits,  ether,  coals,  and  bitumen; 
and  is  supposed  to  be  one  of  the  agents  which 
produce  the  igriesfatui,a»d  the  northern  liglds.  It 
is  the  lightest  of  all  ponderable  bodies,  being  from 
twelve  to  fifteen  times  lighter  than  common  air 
A  hundred  cubic  inches  of  it  weigii  about  21^Y 
grains.  On  account  of  its  great  levity,  it  is  usea 
for  filling  air  balloons.  In  contact  with  afmo- 
speric  air,  it  burns  with  a  pale  blue  color.  When 
mixed  with  oxygen  gas,  it  may  be  exploried,  like 
gunpowder,  with  a  violent  report.  Carburetted 
liydrogen  gas,  which  is  carbon  dissolved  by  hydro- 
g'-n,  is  that  beautiful  gas  which  is  now  employed 
in  lighting  our  streets,  shops,  and  manufactories. 

*  It  appears  from  the  Fir>t  Report  of  the  "Chililren's  Em 
j)loyment  Commission,"  appointed  by  Parliament  in  1842, 
that,  at.  the  rcrii  least,  1500  live^  have  been  sacrificed  in 
and  abont  the  Tyne  and  Weir  collieries  in  the  neijjhbor- 
hooH  of  Newcastle  within  tlie  la<t  40  years,  chiedy  by  the 
explosions  of  hydrogen  gas  whicli  have  taken  place  in  (lia 
coal-mines.  To  counter:ict  such  eflect?.  Sir  11.  Davy,  in 
l^'l.),  displayed  liis  ingenuity  by  the  invention  of  his  S'afetn 
Lamp — which  is  made  of  wire  ganze,  and  lias  this  )>articiilar 
properly,  tliat  the  miner  may  move  about  with  it,  and  even 
work  by  its  li^^hi  in  the  midst  of  those  explosive  mixtures 
whicli  iiave  so  often  proved  fatal,  when  entered  with  a  com- 
mon lamp  or  candle.  But  the  want  of  accuracy  in  some  of 
the  manufacturers  of  the  gauze  with  which  the  instrument 
is  constructed — and  the  car-.;iessness  of  the  miners  in  using 
it — have  treq^uently  prevented  its  beneticial  etTects  from  be- 
ing  realized.  For  a  particular  description  of  this  lamp,  see 
"Uitruiiion  of  Knowledge,-'  Sees.  II,  V,  and  the  Appendix. 
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Carbo.v  is  another  simple  substance  extensively 
diffused  tlirougliout  nature.  It  is  found  pur;;  and 
Bolid  only  in  the  diamond;  but  it  may  be  procured 
in  the  state  of  charcoal,  by  burning  a  piece  of 
wood,  closely  covered  with  sand,  in  a  crucible. 
Carbon  enters  into  tiie  composition  of  bitumen 
and  pit  coal,  and  of  most  animal  and  some  mine- 
ral substances;  and  it  forms  nearly  the  whole  of 
the  solid  basis  of  all  vegetables,  from  the  most 
delicate  flower  to  the  stately  oak.  It  is  also  a 
component  part  of  sugar,  and  of  all  kinds  of  wax, 
oils,  gums,  and  resins.  It  combines  with  iron  in 
various  proportions,  and  the  results  are,  cast-iron 
and  steel.  Black  lead  is  a  composition  of  nine 
parts  of  carbon  to  one  of  iron;  and  is  therefore 
called  a  carburet  of  iron.  Carbon  is  indestructible 
by  age,  and  preserves  its  identity  in  all  the  com- 
binations in'o  which  it  enters — Carbonic  acid,  gas 
is  a  combination  of  carbon  and  oxygen.  It  is 
found  in  a  state  of  combination  with  lime,  form- 
ing limestone,  marble,  and  chalk;  and  may  be 
separated  from  them  by  heat,  or  by  means  of  the 
mineral  acids.  This  gas,  which  was  fornieily 
called  jixiid  air,  is  found  in  mines,  caves,  the  bot- 
toms of  wells,  wine  cellars,  brewers'  vats,  and  in 
the  neigliborhood  of  limekilns.  It  is  known  to 
niaors  by  the  name  of  choke-damp,  and  too  fre- 
quently runs  on  deadly  errands.  It  exiingui.-shes 
flame  and  animal  life.  It  is  the  heaviest  of  all  the 
gases;  being  nearly  twice  the  weight  of  common 
air,  and  twenty  times  the  weight  of  hj'drogen. 
It  may  therefore  be  poured  from  one  vessel  to 
another;  and  a  lighted  taper  is  instantly  extin- 
guished by  pouring  a  small  quantity  of  it  over 
the  flame.  It  is  a  powerful  antiseptic,  or  preser- 
ver from  putrefaction.  Meat  wliich  has  been 
sealed  up  in  it  (says  Mr.  Parkes),  has  been  known 
to  have  preserved  its  texture  and  appearance  for 
more  than  twenty  years.  There  is  no  substance 
of  more  importance  in  civilized  life  than  the  dif- 
ferent forms  of  Carbon.  "In  nature,"  says  Sir 
H.  Davy,  "this  element  is  constantly  active  in  an 
important  series  of  operations,  ^t  is  evolved  in 
fermentation  and  combustion,  in  Carbonic  acid; 
it  is  separated  from  oxygen  in  the  organs  of 
plants;  it  is  a  principal  clement  in  animal  struc- 
tures; and  is  found  in  different  forms  in  almost 
all  the  products  of  organized  beings." 

Chlorine  is  a  gas  of  a  greenish  color.  It  is 
fatal  to  animal  lil'e,  if  breathed  undiluted  witli 
common  air,  but  it  does  not,  like  nitrogen  and 
carbonic  acid  gas,  extinguish  combustion.  A 
candle  burns  in  it  with  a  red  flame;  and  it  pos- 
sesses the  remarkable  property  of  setting  fire  to 
many  of  the  metals,  even  at  the  common  temper- 
ature of  the  air,  when  introduced  iiito  it  beaten 
out  into  thin  leaves  or  reduced  to  tilings — such  as 
copper,  tin,  arsenic,  zinc,  and  antimony.  It  has 
the  property  of  destroying  all  vegetable  colors.  If 
a  vegetable  blue,  for  instance,  be  exposed  to  its 
action,  the  color  is  not  changed  to  a  red,  as  it 
would  bo  by  an  acid, — nor  to  a  green,  as  it  would 
b"  by  an  alkali, — but  it  is  totally  destroyed.  On 
tlii;i  account  Chlorine  has  been  introduced  as  a 
powerful  agent  in  the  art  of  bleaching;  for  if  un- 
bleached linens  be  properly  exposed  to  its  artioii, 
the  matter  wliich  gives  them  their  gray  color  is 
destroyed.  But  if  applied  in  its  pure  state,  and 
not  sufliciently  dihited,  it  invariably  destroys  the 
strength  auii  texture  of  the  linens.  The  specific 
gravity  of  this  ga«!,  when  free  from  watery  vapor 
is  2-5,  common  air  being  !•  and  100  cubic  iiiuhes 
of  it  v/eigh  about  77  gi-ains. 

Iodine  is  the  name  of  an  undecomponnded 
principle  or  element  in  chemistry.  It  remained 
undiscovered  until   1812,  when   a  manufacturer 


of  saltpeter  in  Paris  detected  il  in  the  ashes  of  sea 
weeds.  It  resembles  chlorine  in  some  of  its  pro- 
perties, and  is  derived  from  a  source  which  also 
su[>plie3  chlorine,  both  of  them  being  of  marine 
origin.  It  may  be  procured  by  drying  and  povv- ■ 
deriug  common  sea  weed,  and  heating  it  with 
sulphuric  acid.  A  vhAet-co'iortd  vapor  rises, 
which,  if  received  in  a  cool  vessel,  will  condense 
on  its  sides,  and  will  form  scaly  crystals  of  a 
somewhat  metallic  luster.  These  crystals  are  the 
substance  in  question;  and  from  the  violet  color 
of  its  vapor  it  is  called  iodine.  Its  specific  gravity 
is  .'}-0S4;  it  melts  at  a  heat  a  little  above  that  of 
boiling  water;  at  the  temperature  of  350°  it  boils 
and  evaporates  in  a  violet-colored  vapor.  It  stains 
tlie  lingers  yellov/,  and  consumes  the  cork  of  tha 
vial  in  whicli  it  is  contained.  Its  smell  is  dis- 
agreeable, its  taste  acrid,  it  destroys  vegetable 
colors,  and  it  possesses  poisonous  properties.  It 
has  the  property  of  forming  a  beautil'ul  blue 
color,  when  mixed  with  a  little  powdered  starch, 
and  diffused  through  cold  water;  and  hence  iodino 
and  starch  are  used  by  chemists  as  mutual  tests 
of  each  other's  presence,  even  in  the  most  minute 
quantity. 

SuLPHim  is  a  substance  which  has  been  known 
from  the  earliest  ages.  It  was  used  by  the  an- 
cients in  medicine,  anJ  its  fumes  have,  for  more 
tlian  2000  years,  been  employed  in  bleaching 
wool.  It  is  found  combined  with  many  mineral 
substances,  as  arsenic,  antimony,  copper,  and 
most  of  the  metallic  ores.  It  exists  in  many 
mineral  waters,  and  in  combination  with  vegeta- 
ble and  animal  matters,  but  is  most  abundant  in 
volcanic  countries,  particularly  in  the  neighbor- 
hood of  Vesuvius,  Etna,  and  Hecla  in  Iceland.  It 
is  a  solid,  opaque,  combustible  substance,  of  a 
pale  yellow  color,  very  brittle,  and  almost  without 
taste  or  smell.  Its  specific  gravity  is  nearly  twice 
that  of  water:  it  is  a  non-conductor  of  electricity, 
aiid,  of  course,  becomes  electric  by  friction. 
When  heated  to  the  temperature  of  170°  of  Fah- 
renheit's thermometer,  it  rises  up  in  the  form -of 
a  fine  powder,  which  is  easily  collected  in  a  pro- 
per vessel,  and  is  named  the  Jiowers  of  sulphur. 
It  is  insoluble  in  water,  but  may  be  dissolved  in 
oils,  in  spirit  of  wine,  and  in  hydrogen  gas. 
When  sulphur  is  heated  to  the  temperature  of 
.302°  in  the  open  air,  it  takes  fire  spontaneously 
and  burns  with  a  4)ale  blue  flame,  and  emits  a 
great  quantity  of  fumes  of  a  strong  suffocating 
odor.  When  heated  to  the  ten)perature  of  570^, 
it  burns  with  a  bright  white  flame,  and  emits  a 
vast  qtianfity  of  fumes.  When  these  fumes  are 
collected,  they  are  found  to  consist  e'ltirely  oi  sul- 
phuric acid;  so  that  sulphur,  by  combustion,  is 
converted  into  an  acid.  It  is  the  base  of  several 
compound  substances.  It  unites  with  oxygen, 
hydrogen,  nitrogen,  phosphorus,  the  aikali?s,  the 
metals,  and  some  of  the  earths.  This  substance 
is  of  great  importance  in  medicine,  as  it  is  found 
to  penetrate  to  the  extremities  of  the  most  minute 
vessels,  and  to  impregnate  all  the  secretions.  It 
is  also  used  in  the  arts,  particularly  in  bleaching 
and  dyeing;  it  forms  a  very  larire  proportion  of 
gunpowder;  and  one  of  its  mo:;t  common  but 
not  least  useful  properties,  is  that  of  its  combusti- 
bility, by  which,  with  the  help  of  a  tinder-box, 
light  is  almost  instantaneously  produced.  As  tiiis 
substance  has  not  yet  been  decomposed,  it  is  con- 
sidered by  chemists,  in  the  meantime,  as  one  of 
the  simple  substances. 

Phosphorus  is  another  simple  combustible 
substance,  but  is  never  found  in  a  pure  state  in 
nature.  It  is  commonly  united  to  oxygen  in  tho 
state  of  phosplioric  acid,  Vv'hich  is  found  in  differ- 
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tnt  animal,  veirotalile,  and  mineral  substances. 
It  was  first  discoverod  by  Brandt,  a  chemist  of 
Hamburgh,  in  thu  yur  1667,  and  afterward  by 
the  Honorable  Mr.  iioyle,  in  1679.  It  was  for- 
merly obtained  by  a  disgusting  proct'ss ;  but  is 
now  extracted  from  the  bones  of  animals,  by 
burning  them,  and  then  reduciiijj;  them  to  a  iine 
powder,  and  afterward  pouring  snlpliiiric  acid 
upon  them.  Tliis  substance,  wlion  pure,  resom 
bles  bees'  wax,  being  of  a  clear,  transparent,  yel- 
lowish color;  it  is  insoluble  in  water;  it  may  be 
cut  with  a  knife,  or  twisted  to  pieces  wifh  the 
fingers;  and  it  is  about  double  the  specific  gravity 
of  water.  Its  most  remarkable  propirrty  is  its 
very  strong  attraction  for  oxygen,  from  which 
circumstance  it  burns  spontaneously  in  the  open 
air  at  the  temperature  of  43°;  that  is,  it  attracts 
tlie  o.vygen  gas  from  the  atmosph;:'re,  and  heat 
and  flame  are  produced.  It  gradually  consumes 
when  exposed  to  the  common  temperature  of  air, 
emits  a  wiiitish  smoke,  and  is  lumiuous  in  the 
dark;  for  tliis  reason  it  is  kept  in  vials  of  water; 
and  as  the  heat  of  the  hand  is  sufficient  to  inflame 
it,  it  should  seldom  be  handled  except  under 
water.  At  the  temperature  of  99°  it  melts;  it 
evapcrutes  at  21 9°,  and  boils  at  554°.  When 
heated  to  148°  it  takes  fire,  and  burns  with  a  very 
bright  flame,  and  gives  out  a  large  quantitj-  of 
white  smoke,  which  is  luminous  in  the  dark:  at 
the  same  time  it  emits  an  odor,  which  has  some 
resemblance  to  that  of  garlic;  and  this  smoke, 
when  collected,  is  proved  to  be  an  acid.  It  burns 
with- the  greatest  splendor  in  oxygon  gas,  and, 
when  taken  internally,  it  is  found  to  be  poison- 
ous. If  any  light  substance,  capable  of  conduct- 
ing heat,  be  placed  upon  the  surface  of  boiling 
water,  and  a  bit  of  phosphorus  be  laid  upon  it, 
the  heat  of  the  water  wiil  be  suflicient  to  set  tiie 
phosphorus  on  fire.  If  we,  write  a  few  words  on 
paper,  v/ith  a  bit  of  phosphorus  fixed  in  a  quill, 
when  the  writing  is  carried  into  a  dark  room  it 
will  appear  beautifully  luminous.  If  a  piece  of 
phosphorus,  about  the  size  of  a  pea,  be  dropped 
into  a  tumbler  of  hot  water,  and  a  stream  of  oxy- 
gen gas  forced  directly  upon  it,  it  will  under 
water  display  the  most  brilliant  combustion  that 
can  be  imagined.  All  experiments  with  phospho- 
rus, however,  require  to  be  perlbrmed  with  yraat 
caution.  This  substance  is  used  in  making  phos- 
phoric match-bottles,  phosplioric  oil,  phosphoric 
tapers,  and  various  phosphoric  fire-works.  Plios- 
phorized  hydrogen  gas  is  produced  by  bits  of  phos- 
phorus remaining  some  hours  in  hydrogen  gas. 
It  is  supposed  to  be  that  gas  which  is  seen  hover- 
ing on  the  surface  of  burial-gronnc's  and  marshes, 
known  in  iScotland  by  the  name  of  spunhle,  and 
in  England  by  that  of  will-o''-the-ii-isp. 

Some  animals,  as  the  glovi-icorm  and  the  fre-JJy, 
and  fish  in  a  putrescent  state,  exhibit  pho?<phores- 
oeut  qualities.  I\t.  Peron  describes  a  singular 
instance  of  this  kind  in  an  animal  which  he  calls 
thtt  pyrosoma  atlanncum,  which  he  observed  in  his 
voyage  from  Europe  to  the  Isle  of  France.  The 
darkness  was  intense  when  it  was  first  discovered; 
and  all  at  once  there  appeared  at  some  distance,  as 
it  were,  a  vast  sheet  of  phosphorus  floating  on 
the  waves,  which  occupied  a  great  space  before 
the  vessel.  When  the  vessel  had  passed  through 
this  inflamed  part  of  the  sea,  it  was  found,  that 
this  prodigious  light  was  occasioned  by  an  im- 
mense number  of  small  animulr.,  which  swam  at 
dffferent  depths,  and  appeared  to  assume  various 
forms.  Those  which  were  deepest  looked  like 
great  re>i-hot  cannon  balls,  while  those  on  the 
surface  resembled  cylinders  of  red-hot  iron.  Some 
of  tbom  wcro  caught,  and  were  found  to  vary  in 


size  from  three  to  seven  inches.  All  tlie  exterior 
surface  of  the  animal  was  bristled  with  thick  ob- 
long tubercles,  shining  like  so  many  diamonds; 
and  these  seemed  to  be  the  principal  seat  of  its 
wonderful  phosphorescence. 

Such  is  a  brief  description  of  the  principal  ele- 
mentary substances,  which,  in  a  thousand  diversi- 
fied forms,  pervade  the  system  of  nature,  and  pro- 
duce all  that  variety  which  we  behold  in  the  at- 
mosphere, the  waters,  the  earth,  and  the  various 
processes  of  the  arts.  It  is  probable  that  some  of 
these  substances  are  compounds,  though  they  have 
not  yet  been  decomposed.  Yea,  it  is  possible,  and 
not  at  all  improbable,  that  there  are  but  two,  or  at 
most  three  elementary  substances  in  nature,  the 
various  modifications  of  which  produce  all  the 
beauties  and  sublimities  in  the  universe.  Perhaps 
caloric,  oxygen,  and  hydrogen,  may  ultimately  be 
found  to  constitute  all  the  elementary  ])rinciples 
of  nature. — Without  prosecuting  this  subject  fur- 
ther, I  shall  conclude  this  article  with  a  few  cur- 
sory reflections,  tending  to  illustrate  its  connec- 
tion with  religion. 

The  remarks  which  I  have  already  thrown  out 
in  reference  to  Natural  Philosophy  will  equally 
apply  to  tlie  science  of  Chemistry  ;  and  there- 
fore do  not  require  to  be  repeated.  In  addition' 
to  those,  the  following  observations  may  be 
stated: — 

1.  This  science  displays,  in  a  striking  point  of 
view,  the  wisdom  and  goodness  of  God,  in  produc- 
ing, hij  the  most  simple  incans,  the  most  aslonisking 
and  benevolent  effects.  All  the  varied  phenomena 
we  perceive  throughout  the  whole  system  of  sub- 
lunary nature  are  produced  by  a  combination  of 
six  or  seven  simple  substances.  I  formerly  ad- 
verted to  the  infinite  variety  wliich  exists  in  the 
vegetalde  kingdom.*  About  56,000  different  spe- 
cies of  plants  have  already  been  discovered  by  bo- 
tanists. All  these,  from  the  humble  slirub  to  the 
cedar  of  Lebanon,  which  adorn  the  surface  of  the 
globe,  in  every  clime,  with  such  a  diversity  of 
forms,  shades,  and  colors,  arc  the  result  of  the 
combinatio-ns  of  "four  or  five  natural  substances 
— caloric,  light,  water,  air,  and  carbon."  "When 
we  coiisider,"  says  Mr.  Parkes,  "  thai  the  many 
thousand  tribes  of  vegetables  are  not  only  all 
formed  from  a  t^sv  simple  substances,  but  that 
they  all  enjoy  the  same  sun,  vegetate  in  the  .same 
medium,  and  are  supplied  with  the  same  nutri- 
ment, we  cannot  but  be  struck  with  the  rich  eco- 
nomy of  nature,  and  are  almost  induced  to  doubt 
the  evidence  of  those  senses  with  which  the  God 
of  nature  has  furnished  us.  That  it  should  bo 
possible  so  to  modify  and  intermingle  a  few  sim- 
ple substances,  and  thence  produce  all  the  variety 
of  form,  color,  odor,  etc.,  which  is  observable  in 
the  different  families  of  vegetables,  is  a  phenome- 
non too  astonishing  for  our  comprehension. — 
Nothing  short  of  Omnipotence  could  have  pro- 
vided such  a  paradise  for  man."f 

"  Soft  roll  your  incense,  herbs  nnd  fruits  and  flowers. 
In  mingled  clouds,  to  Hiin  whose  snn  exalts, 
Wliose  brealli  periumes  you,  and  whose  pencil  pnints." 

Thomson. 

What  an  admirable  view  is  here  opened  up  of 
the  economy  of  Divine  wisdom,  and  of  the  benefi- 
cent caro  which  has  been  taken  to  secure  the 
comfort  and  happiness  of  every  living  creature; 
and  hov/  ungrateful  a  disposition  must  it  indicate 
in  rational  beinirs  to  overlook  such  benevolent  ar- 
rangements! It  is  higiily  probable,  that,  in  all  the 
other  worlds  dispersed  throughout  the  universe, 

•  See  p.    34. 

t  Chemical  Catechism,  chap.  ix. 
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an  infinite  diversity  of  scenery  exists,  and  that  no 
one  globe  or  system  exactly  resembles  another; 
and  yet  it  is  probable,  that  the  primary  elements 
of  matter,  or  the  few  simple  substances  of  which 
our  world  is  composed,  may  be  of  the  same  na- 
ture as  those  whicii  form  the  constituent  parts  of 
every  other  system;  and  may  givn  birth  to  all  the 
variety  which  exists  throughout  the  wide  extent 
of  creation,  and  to  all  the  changes  and  revolutions 
througti  which  the  different  systems  may  pass, 
during  every  period  of  infinite  duration. 

2.  i'rom  this  science  we  have  every  reason  to 
conclude  that  matter  is  indestructible.  In  the  va- 
rious changes  that  take  place  in  material  sub- 
stances, the  pai'ticles  of  matter  are  not  destroyed, 
but  only  assume  new  forms,  and  enter  into  new 
combinations.  When  a  piece  of  wood,  for  exam- 
ple, is  burned  to  ashes,  none  of  its  princijjles  are 
destroyed;  the  elementary  substances  of  which  it 
was  composed  are  only  separated  from  one  an- 
other, and  formed  into  new  compounds.  Carbon, 
as  already  stated,  appears  to  be  indestructible  by 
age,  and  to  preserve  its  essential  properties,  in 
every  mode  of  its  existence.  That  Being,  indeed, 
who  created  matter  at  first,  may  reduce  it  to  no- 
thing when  he  pleases;  but  it  is  highly  improba- 
ble that  iiis  power  will  ever  be  interposed  to  pro- 
duce this  effect;  or  that  any  particle  of  matter 
which  now  exists,  will  ever  be  annihilated,  into 
whatever  new  or  varied  combinations  it  may  en- 
ter. When  any  particular  world,  or  assemblage 
of  material  existence,  has  remained  in  its  original 
state  for  a  certain  period  of  duration,  and  accom- 
plished all  the  ends  it  was  intended  to  subserve  in 
that  state,  the  materials  of  which  it  is  composed 
will,  in  all  probability,  be  employed  for  erecting 
a  new  system,  and  establishing  a  new  series  of 
events,  in  which  new  scenes,  and  new  beauties 
and  sublimities  will  arise  from  new  and  varied 
combinations.  For  the  Creator  does  nothing  in 
vain.  But  to  annihilate,  and  again  to  create, 
would  be  operating  in  vain;  and  we  nniformly 
find,  that  in  all  the  arrangements  of  Deity,  in  the 
present  state  of  things,  Nature  is  frugal  and  eco- 
nomical in  all  her  proceedings;  so  that  there  is 
no  process,  when  thoroughly  investigated,  that 
appears  unnecessary  or  superfluous. 

From  the  fact,  that  matter  appears  to  be  inde- 
structible, we  may  learn,  that  the  Creator,  with 
the  self-same  materials  which  now  exist  around 
us,  may,  after  the  general  conflagration,  new- 
model  and  arrange  the  globe  we  inhabit,  so  as  to 
make  a  more  glorious  world  to  rise  out  of  its 
ashes;  purified  from  those  physical  evils  which 
now  exist ;  and  fitted  for  the  accommodation  either 
of  renovated  men,  or  of  other  pure  intelligences. 
From  the  same  fact  combined  with  the  considera- 
tion of  the  infinite  diversity  of  effects  which  the 
simple  substances  of  nature  are  capable  of  pro- 
ducing, we  may  be  enabled  to  form  a  conce[)tion 
of  the  ease  with  which  the  Creator  may  new- 
model  our  bodies,  after  th,ey  have  been  dissolved 
in  the  dust;  and  how,  from  the  same  original 
atoms,  he  may  construct  and  adorn  them  with 
more  glorious  forms,  and  more  delightful  and  ex- 
quisite senses  than  they  now  possess. 

In  short,  the  rapid  progress  which  chemical 
science  is  now  making,  promises,  ere  long,  to 
introduce  improvements  among  the  human  race, 
which  will  expand  their  views  of  the  agency  of 
God,  counteract  many  physical  evils,  and  pro- 
mote, to  an  extent  which  has  never  yet  been  ex- 
perienced, their  social  and  domestic  enjoyment. — 
The  late  discoveries  of  Chemistry  tend  to  con- 
vince us,  that  the  properties  and  pov/ers  of  natu- 
lal  Bubstancos  are  only  beginning  to  be  discovered. 


Who  could  have  imagined,  a  century  ago,  that  an 
invisible  substance  is  contained  in  a  piece  of  coal, 
capable  of  producing  the  most  beautiful  and 
splendid  illumination  —  that  this  substance  may 
be  conveyed,  in  a  (tiw  moments,  through  pipes  of 
several  miles  in  length — and  that  a  cily,  contain 
ing  several  hundred  thousands  of  iiiliabitants,  may 
be  instantly  lighted  up  by  it,  without  the  aid  of 
either  wax,  oil,  or  tallow?  Who  could  have  im- 
agined that  one  of  the  ingredients  of  the  air  we 
breathe  is  the  principle  of  combustion — that  a 
rod  of  iron  may  be  made  to  buin  in  it  with  a 
brilliancy  that  dazzles  the  eyes — that  a  piece  of 
charcoal  may  be  made  to  burn  with  a  white  and 
splendid  light,  which  is  inferior  only  to  the  solar 
rays — and  that  the  diamond  is  nothing  more  than 
carbon  in  a  crystallized  state,  and  differs  only  in  a 
slight  degree  from  a  bit  of  common  charcoal?^ 
Who  could  have  surmised,  that  a  substance  would 
be  discovered,  of  such  a  degree  of  levity,  as  would 
have  power  sufficient  to  buoy  up  a  number  of 
men  to  the  upper  parts  of  the  atmosphere,  and 
enable  them  to  swim,  in  .safety,  above  the  region 
of  the  clouds?  These  are  only  specimens  of  still 
more  brilliant  discoveries  wliich  will,  doubtless, 
be  brought  to  light  by  the  researches  of  future 
generations.  We  have  reason  to  believe,  that  the 
investigations  of  this  science  will  in  due  time, 
enable  us  to  counteract  most  of  the  diseases  inci- 
dent to  the  human  frame;  and  to  p' ^  vent  many 
of  those  fatal  accidents  to  which  mankind  are  now 
exposed.  Davy's  safety  lamp  has  already  preserved 
many  indiviuuals  from  destruction,  when  working 
in  coal  mines;  and  thousands,  in  after  ages,  will 
be  indebted  to  this  discovery,  for  security  from 
the  dreadful  explosions  of  hydrogen  gas.  And, 
we  trust,  that  the  period  is  not  far  distai»t,  when 
specific  antidotes  to  the  diseases  peculiar  to  tha 
different  trades  and  occupations  in  which  man- 
kind are  employed  will  be  discovered;  and  the 
health  and  vigor  of  the  mass  of  society  be  pre- 
served unimpaired,  amidst  all  the  processes  in 
which  they  may  be  engaged. 

In  fine,  the  rapid  progress  of  chemical  discove- 
ry carries  forward  our  views  to  a  period,  when 
man,  having  thoroughly  explored  the  powers  of 
nature,  and  subjected  them,  in  some  measure,  to 
his  control,  will  be  enabled  to  ward  off  most  of 
those  physical  evils  with  which  he  is  now  annoy- 
ed, and  to  raise  himself,  in  some  degree,  to  tliB 
dignity  and  happiness  he  enjoyed  before  moral 
evil  had  shed  its  baleful  influence  on  our  terrestrial 
system.  Such  a  period  corresponds  to  many  of 
the  descriptions  contained  in  the  Sacred  Oracles 
of  the  millennial  state  of  the  church;  when  social, 
domestic,  moral,  and  intellectual  imiirovement 
shall  be  carried  to  the  utmost  perfection  which 
our  sublunary  station  will  permit;  when  wars 
shall  cease;  when  the  knowledge  of  Jehovah  shall 
cover  the  earth;  when  every  man  shall  sit  under 
his  vine  and  fig-tree,  without  being  exposed 
to  the  least  alarm;  and  when  there  shall  be  no 
thing  to  hurt  nor  destroy  throughout  the  church 
of  the  living  God.  And,  therefore,  we  ought  to 
consider  the  various  discoveries  and  improve- 
ments now  going  forward  in  this,  and  other  de- 
partments of  science,  as  preparing  the  way  for  tho 
introduction  of  this  long-expected  and  auspicious 
era. 

ANATOMY    AND    PHYSIOLOGY. 

The  general  object  of  both  these  sciences  is,  to 
investigate  and  describe  the  structure  and  econo- 
my of  the  animal  frame. — Anatomy  dissects  dead 
bodies.     Physiology  investigates  the  functions  of 
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those  that  are  living.  The  former  examines  the 
fluids,  muscles,  viscera,  and  all  the  other  parts  of 
the  hiuaan  body,  in  a  state  of  rest;  the  latter 
considers  them  in  a  state  of  action. 

The  parts  of  the  human  body  have  been  dis- 
tinguished into  two  difft-rent  kinds — solids  and 
fluids.  The  solid  parts  are,  hones,  cartilages,  liga- 
ments, tnuscles,  tendons,  membranes,  nerves,  arte- 
ries, veins,  hair,  iiails,  and  ducts,  or  fine  tubular 
vessels  of  various  kinds.  Of  these  solid  parts, 
the  following  compound  organs  consist:  tlie  brain 
and  cereliellum,  the  lungs,  the  heart,  the  stomach, 
the  livir,  the  spleen,  the  pancreas,  the  glands,  the 
kidneys,  the  intestines,  the  mesentery,  the  larynx, 
and  the  organs  of  sense — the  eyes,  ears,  nose,  and 
tongue.  The  fluid  parts  are,  the  saliva,  or  spittle, 
phlegm,  serum,  the  chyle,  blood,  bile,  milk,  lympha, 
urine,  the  pancreatic  juice,  and  the  aqueous  humor 
of  the  eyes.  The  human  body  is  divided  into 
three  great  cavities  —  the  head;  the  thorax,  or 
breast;  and  the  abdotnen,  or  belly.  The  head  is 
formed  of  the  bones  of  the  cranium,  and  incloses 
the  brain  and  cerebellum.  The  thorax  is  com- 
posed of  the  vertebroe  of  the  back,  the  sternum, 
and  true  ribs;  and  contains  the  heart,  the  pericar- 
dium, the  breasts,  and  the  lungs.  The  abdomen  is 
separated  from  th.e  thorax  by  means  of  the  dia- 
phragm,  which  is  a  fleshy  and  membranous  sub- 
stance, composed  for  the  most  part  of  muscular 
fibers.  This  cavity  is  formed  by  the  lumbar  ver- 
tebrae, the  OS  sacrum,  the  ossa  innominata,  the  false 
ribs,  the  peritoneum,  and  a  variety  of  muscles. 
It  incloses  the  stomach,  intestines,  omentum,  or 
caul,  the  liver,  pancreas,  spleen,  kidnej's,  and  uri- 
nary bladder. — Without  attempting  any  technical 
description  of  these  different  parts,  which  could 
convey  no  accurate  ideas  to  a  general  reader,  I 
shall  merely  state  two  or  three  facts  in  relation 
to  the  system  of  bones,  muscles,  and  blood-vessels, 
as  specimens  of  the  wonderful  structure  of  our 
bodily  frame. 

The  BONES  may  be  regarded  as  the  propwork  or 
basis  on  which  the  human  body  is  constructed. 
They  bear  the  same  relation  to  the  animal  system, 
as  the  woodwork  to  a  building.  They  give  shape 
and  firmness  to  the  body;  they  support  its  various 
parts,  and  prevent  it  from  sinking  by  its  own 
weight;  thej!^  serve  as  levers  for  the  muscles  to  act 
upon,  and  to  defend  the  brain,  the  heart,  the 
lungs,  and  other  vital  parts  from  external  injury. 
Of  the  bones,  some  are  Jvollow,  and  filled  with 
marrow;  others  are  solid  throughout;  some  are 
very  small;  others  very  large;  some  are  round, 
and  oihcrs,  flat;  some  are  plane,  and  others  convex 
or  concave; — and  all  these  several  forms  are  re- 
quisite for  the  situations  they  occupy,  and  the 
respective  functions  they  have  to  perform. — The 
spine,  or  back-bone,  consists  of  24  vertebrae,  or 
small  bones,  connected  together  by  cartilages,  ar- 
ticulations, and  ligaments;  of  which  7  belong  to 
tlie  neck,  12  to  the  back,  and  5  to  the  loins.  In 
the  center  of  each  vertebra,  therw  is  a  hole  for  the 
lodgment  and  continuation  of  the  spinal  marrow, 
.which  extends  from  the  brain  to  the  rump.  From 
these  vertebrffi  the  arched  bones  called  ribs  pro- 
ceed; and  seven  of  them  join  the  breast-bone  on 
each  side,  where  they  terminate  in  cartilages,  and 
form  the  cavity  of  the  thorax  or  chest.  The  five 
lower  ribs,  with  a  number  of  muscles,  form  tlie 
cavity  of  the  abdomen,  as  above  stated.  The 
Bpiue  is  one  of  the  most  admirable  mechanical 
contrivances  in  the  human  frame.  Had  it  con- 
Bisted  of  only  three  or  four  bones,  or  had  the  holes 
in  each  bone  not  exactly  corresponded,  and  fitted 
into  each  otlier,  the  spinal  marrow  wouhi  have 
been  bruised,  and  life  endangered  at  every  bend- 


ing  of  the  body.  The  skull  is  composed  of  10 
bones,  and  about  51  are  reckoned  to  belong  to  the 
face,  the  orbits  of  the  eyes,  and  the  jaws  in  which 
the  teeth  are  fixed.  There  are  seldom  more  than 
16  teeth  in  each  jaw,  or  32  in  all. — The  number 
of  bones  in  a  human  body  is  generally  estimated 
at  about  245;  o:^  which  there  are  reckoned,  in  the 
skull,  head,  and  face,  61;  in  the  trunk,  64;  in  the 
arms  and  hands,  60;  and  in  the  legs  and  feet,  60. 
The  bones  are  provided  with  ligaments,  or  hinges, 
which  bind  and  fasten  them  together,  and  prevent 
them  from  being  displaced  by  any  violent  motion; 
and,  that  the  ligaments  may  work  smoothly  into 
one  another,  the  joints  are  separated  by  cartilages, 
or  gristles,  and  provided  with  a  gland  for  the  se- 
cretion of  oil,  or  mucus,  which  is  constantly  ex- 
uding into  the  joints;  so  that  every  requisite  is 
provided  by  our  Benevolent  Creator,  to  prevent 
pain,  and  to  promote  facility  of  mo'tion.  "  In 
considering  the  joints,"  says  Dr.  Paley,  "  there  is 
nothing,  perhaps,  which  ought  to  move  our 
gratitude  more  than  the  reflection,  hozo  ii-ell  they 
xcear.  A  limb  shall  swing  upon  its  hinge,  or 
play  in  its  socket,  many  hundred  times  in  an 
hour,  for  sixty  years  together,  without  diminution 
of  agility;  which  is  a  long  time  for  anytliing  to 
last,  for  anything  so  much  worked  as  the  jointa 
are." 

The  Muscular  Svstem. — A  muscle  is  a  bundle 
of  fleshy,  and  sometimes  of  tendinous  fibers.  The 
fleshy  fibers  compose  the  body  of  the  muscle;  and 
the  tendinous  fibers  the  extremities.  Some  mus- 
cles are  long  and  round;  some  plain  and  circular; 
some  have  spiral,  and  some  have  straight  fibers. 
Some  are  double,  having  a  tendon  running  through 
the  body  from  head  to  tail;  some  have  two  or 
more  tendinous  branches  running  through,  with 
various  rows  and  orders  of  fibers.  All  these,  and 
several  other  varieties,  are  essentially  requisite  for 
the  respective  offices  they  have  to  perform  in  the 
animal  system.  The  muscles  constitute  the  fleshy 
part  of  the  human  body,  and  give  it  that  varied 
and  beautiful  form  we  observe  over  all  its  surface. 
But  their  principal  design  is,  to  serve  as  the  organs 
of  motion.  They  are  inserted,  by  strong  tendin- 
ous extremities,  into  the  different  bones  of  which 
the  skeleton  is  composed;  and  by  their  contrac- 
tion and  distention,  give  rise  to  all  the  movements 
of  the  body.  The  muscles,  therefore,  may  be 
considered  as  so  many  cords  attached  to  the  bones; 
and  the  Author  of  Nature  has  fixed  them  accord- 
ing to  the  most  perfect  principles  of  mechanism, 
so  as  to  produce  the  fittest  motions  in  the  parts 
for  the  movements  of  which  they  are  intended. 

One  of  the  most  wonderful  properties  of  the 
muscles  is,  the  extraordinary  force  they  exert,  al- 
though they  are  composed  of  such  slender  threads, 
or  fibers.  The  following  facts  in  relation  to  this 
point,  are  demonstrated  bj'  the  celebrated  Borelli, 
in  his  work,  "  X>e  Motu  Animalimn."  When  a 
man  lifts  up  with  his  teeth  a  weight  of  200  pounds 
with  a  rope  fastened  to  the  jaw-teeth,  the  muscles 
named  Temporalis  and  Masseter,  with  which  peo- 
ple chew,  and  which  perform  this  work,  exert  a 
force  of  above  15,000  pounds  weight.  If  any 
one  hanging  his  arm  directly  downward,  lifts  a 
weight  of  20  pounds,  with  the  third  or  last  joint 
of  his  tliumb,  the  muscle  which  bends  the  thumb, 
and  bears  that  weight,  exerts  a  force  of  about 
three  thousand  pourids.  W^hen  a  man,  standing 
upon  his  feet,  leaps  or  springs  upward  to  the  bight 
of  two  feet,  if  the  weight  of  such  a  man  be  150 
pounds,  the  mu.scles  employed  in  that  action  will 
exert  a  force  2000  times  greater;  that  is  to  say,  a 
force  of  about  three  hundred  thousand  pounds 
The  heart,  at  each  pulse  or  contraction,  by  which 
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it  protrudes  the  blood  out  of  tlie  arteries  into  the 
veins,  exerts  a  force  of  above  a  hundred  thousand 
pounds.  WJio  can  contemplate  this  amazing 
strength  of  the  rnnscuhir  system,  witlioat  admira- 
tion of  the  power  and  wisdom  of  the  Creator, 
who  has  indued  a  bundle  of  threads,  each  of  tliern 
smaller  than  a  hair,  with  such  an  astonishing  de- 
gree of  mechanical  force!  1  here  have  been 
reckoned  about  446  mus';les  in  the  human  body, 
which  have  been  dissected  and  distinctly  descri- 
bed; every  one  of  which  is  essential  to  the  per- 
formance of  some  one  motion  or  other,  which 
contributes  to  our  ease  and  enjoyment;  and,  in 
most  instances,  a  great  nnml)er  of  them  is  re- 
quired to  perform  their  different  functions  at  the 
same  time.  It  has  been  .calculated,  that  about 
a  hundred  muscles  are  em|)loyed  every  time  we 
breathe. — "Breathing  with  ease,"  says  Dr.  Paley, 
"is  a  blessing  of  every  moment;  yet,  of  all  oth- 
ers, it  is  that  which  we  possess  with  the  least  con- 
sciousness. A  man  in  an  astlima  is  tlie  only  man 
who  knows  how  to  estimate  it." 

The  Heakt  and  Blood-vessels. — The  heart  is 
a  hollow  muscular  organ,  of  a  conical  shape,  and 
consists  of  four  distinct  cavities.  The  two  largest 
are  called  ventricles,  and  the  two  smallest  auricles. 
The  ventricles  send  out  the  blood  to  the  arteries; 
the  auricles  receive  if  from  the  veins.  The  heart 
is  inclosed  in  the  pericardium,  a  membranous  bag, 
which  contains  a  quantity  of  water  or  lymph. 
This  water  lubricates  the  heart,  and  facilitates  all 
its  motions.  The  heart  is  the  general  reservoir 
of  the  blood.  When  the  heart  contracts,  the 
blood  is  pro])elled  from  the  rii/ht  ventricle  into  the 
lungs,  through  the  pulmonary  arteries,  which, 
like  all  the  other  arteries,  are  furnished  with 
valves  that  play  easily  forward,  but  admit  not  the 
blood  to  return  toward  the  heart.  The  blood, 
after  circulating  through  the  lungs,  and  having 
there  been  revivified  by  coming  in  contact  with 
the  ai'-,  and  imbibing  a  portioti  of  its  oxygen,  re- 
turns into  the  Ujl  auricle  of  the  heart,  by  the 
pulmonary  vein.  At  tiie  same  instant,  the  left 
ventricle  drives  the  blood  into  the  aorta,  a  large 
artery  which  sends  off  branches  to  supply  tlie 
head  and  arms.  Another  large  branch  of  the 
aorta  descends  along  the  inside  of  the  backbone, 
and  detaches  numerous  ramifications  to  nourish 
the  bowels  and  inferior  extremities.  After  serv- 
ing the  most  remote  extremities  of  the  body,  the 
arteries  are  converted  into  veins,  which,  in  their 
return  to  the  heart,  gradually  unite  into  larger 
branches,  until  tlie  whole  terminate  in  one  great 
trunk,  called  the  vena  cava,  wiiich  discharges 
itself  into  the  right  auricle  of  the  heart,  and  com- 
pletes the  circulation.  Each  ventricle  of  the 
heaft  is  reckoned  to  contain  about  one  ounce,  or 
two  table  spoonsful  of  blood.  Tlie  heart  contracts 
4000  times  every  hour;  and,  consequently,  there 
passes  through  it  250  pounds  of  blood  in  one 
hour.  And  if  the  mass  of  blood  in  a  human 
body  be  reckoned  at  an  average  at  twenty-five 
pounds,  it  will  follow,  that  the  lohole  mass  of  blood 
passes  through  theheart,  and  consequently  through 
the  thousands  of  ramifications  of  the  veins  and 
arteries,  ten  times  every  hour,  or  about  once  every 
six  minutes.  We  may  acquire  a  rude  idea  of  the 
foi-ce  with  which  the  blood  is  impelled  from  the 
heart,  by  considering  the  velocity  with  vi'hich 
water  issues  from  a  syring'>,  or  from  the  pipe  of 
a  fire-engine.  Could  we  behold  these  rapid  mo- 
tions incessantly  going  on  within  us,  it  would 
overpower  our  minds  with  astonishment,  and 
even  v^ith  terror.  We  should  be  apt  to  feel  alarm- 
ed on  making  the  smallest  exertion,  lest  tlie  parts 
of  this  delicate  machine  should  be  broken  or  de- 


ranged, and  its  functions  interrupted.  The  arte- 
ries into  which  the  blood  is  forced,  branch  In 
every  direction  through  the  body,  like  the  roots 
and  branches  of  a  tree;  running  tiirougli  the  sub- 
stance of  the  bones,  and  every  part  of  the  animal 
frame,  until  they  are  lost  in  such  fine  tubes  as  tc 
he  wholly  invisible.  In  the  parts  wiiere  the  arte- 
ries are  lost  to  the  sight,  the  veins  take  their 
rise;  and,  in  the  commencement,  are  also  imper- 
ceptible. 

Respiration. — The  organs  of  respiration  are 
the  iunqs.  They  are  divided  into  five  lobes;  three 
of  wliich  lie  on  the  right,  and  two  on  the  left  side 
of  the  thorax.  I'he  substance  of  the  lungs  is 
chiefly  composed  of  infinite  ramifications  of  the 
trachea,  or  windpipe,  which,  after  gradually  be- 
coming more  and  more  minute,  terminate  in  iillle 
cells  or  vesicles,  which  have  a  free  communica- 
tion with  one  another.  At  each  inspiration,  these 
pipes  and  cells  are  filled  with  air,  which  is  again 
discharged  by  expiration.  In  this  manner,  a  cir- 
culation of  air,  which  is  necessary  to  the  exis- 
tence of  men  and  other  animals,  is  constantly 
kept  up  as  long  as  life  remains.  The  air-cells  of 
the  lungs  open  into  the  windpipe,  by  which  they 
communicate  with  the  external  atmosphere.  The 
whole  internal  structure  of  the  lungs  is  lined  by  a 
transparent  membrane,  estimated  at  only  the  thou- 
sandth part  of  an  inch  in  thickness:  but  whose 
surface,  from  its  various  convolutions,  measures 
fifteen  square  feet,  which  is  equal  to  the  external 
surface  of  the  body.  On  this  thin  and  extensive 
membrane  innumerable  veins  and  arteries  are  dis- 
tributed, some  of  them  finer  than  hairs;  and 
through  these  vessels  all  the  blood  of  the  system 
is  successively  propelled,  by  a  most  curious  and 
admirable  mechanism.  It  has  been  computed 
that  the  lungs,  on  an  average,  contain  about  280 
cubic  inches,  or  about  five  English  quarts  of  air. 
At  each  inspiration,  about  forty  cubic  inches  of 
air  are  received  into  the  lungs,  and  the  same 
quantity  discharged  at  each  expiration.  On  the 
supposition  that  twenty  respirations  take  place  in 
a  minute,  it  will  follow  that,  in  one  minute,  we 
inhale  800  cubic  inches;  in  an  hour,  48,000;  and 
in  a  day,  one  million  one  hundred  and  fifty-two 
thousand  cubic  inches — a  quantity  which  would 
fill  seventy-seven  wine  hogsheads,  and  would 
weigh  fifty-three  pounds  1'roy.  By  means  of 
this  function,  a  vast  body  of  air  is  daily  brought 
into  contact  vv'itli  the  mass  of  blood,  and  commu- 
nicates to  it  its  vivifying  influence;  and,  there- 
fore, it  is  of  the  utmost  importance  to  health, 
that  the  air,  of  which  we  breathe  so  considerable 
a  quantity,  should  be  pure  and  uncontaminated 
with  noxious  efiiiivia. 

In  respiration,  the  air  meets  the  blood  in  the 
lungs,  and  part  of  the  oxygen  of  the  atmosphere 
is  absorbed  by  it,  and  imparts  to  it  its  red  color. 
Part  of  the  oxygen  is  also  converted  into  carbonic 
acid  by  combining  with  carbon,  or  charcoal,  ia 
the  lungs.  In  every  instance,  air  which  has  been 
respired  loses  a^art  of  its  oxygen;  the  quantity 
varies  at  difTerent  times,  according  to  the  opera- 
tion of  certain  external  agents.  It  is  reckoned 
that,  upon  an  average,  a  man  under  ordinary  cir- 
cumstances consumes  45,090  cubic  inches,  oi 
15,500  grains  of  oxygen,  in  24  hours.  A  quan- 
tity of  carbonic  acid  is  at  the  same  time  produced, 
which  is  generally  somewhat  less  than  the  oxygeri 
consumed,  and  may  be  reckoned  at  40,000  cubic 
inches  in  24  hours.  It  has  been  found  that  in  the 
human  species  different  individuals  consume  dif- 
ferent quantities  of  oxygen,  and  of  course  return 
difTerent  quantities  of  carbonic  acid.  The  breath 
expired  has  been  shown  to  contain  from  G  to  8  per 
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cent,  of  carbonic  acid  It  has  been  found  that 
the  nitrogen  of  the  air  inspired  is  sometimes  re- 
turned in  full  volume,  and  sometimes  is  partially 
retained  and  disappears.  On  the  whole,  as  respi- 
ration is  one  of  the  most  important  functions  of 
animal  life,  on  which  our  very  existence  depends^ 
60  we  may  plainly  perceive,  from  the  above  and 
other  circumstances,  with  what  a  varietj-  of  other 
functions  it  is  connected,  and  on  what  a  variety 
of  minute  and  invisible  processes  its  operations 
depend. 

Digestion. — This  process  is  performed  by  the 
stomach,  which  is  a  membranous  and  muscular 
bag,  furnished  with  two  orifices.  By  the  one,  it 
lias  a  coinniunication  with  a  gullet,  and  by  the 
other,  with  the  bowels.  The  food,  after  being 
moistened  by  the  saliva,  is  received  into  the 
stomach,  where  it  is  still  further  diluted  by  the 
gastric  juice,  which  has  the  power  of  dissolving 
every  kind  of  animal  and  vegetable  substance. 
Part  of  it  is  afterward  absorbed  by  the  lymphatic 
and  ZacfcaZ  vessels,  and  carried  into  the  circulating 
system,  and  converted  into  blood  for  supplying 
that  nourishment  which  the  perpetual  waste  of 
our  bodies  demands. 

Perspiration  is  the  evacuation  of  the  juices  of 
the  body  through  the  pores  of  the  .skin.  It  has 
been  calculated  that  there  are  above  three  hundred 
titnusand  millions  of  pores  in  the  glands  of  tlie  skin 
which  covers  the  body  of  a  middle-sized  man. 
Through  tliese  pores  more  than  one-half  of  what 
we  eat  and  drink  passes  off  by  insensible  perspira- 
tion. If  we  consuma  eight  pounds  of  food  in  a 
day,  five  pounds  of  it  are  insensibly  discharged  by 
perspiration.  During  a  night  of  seven  hours' 
sleep,  we  perspire  about  forty  ounces,,  or  two 
pounds  and  a  half.  At  an  average,  we  may  esti- 
mate the  discharge  from  the  surface  of  the  body, 
by  sensible  and  insensible  perspiration,  at  from 
half  an  ounce  to  four  ounces  an  hour.  This  is  a 
most  wonderful  part  of  the  animal  economy,  and 
is  absolutely  necessary  to  our  health,  and  even  to 
our  very  r^istence.  When  partially  obstructed, 
colds,  rheumatisms,  fevers,  and  other  inflamma- 
tory disorders,  are  produced;  and  were  it  com- 
pletely obstructed,  the  vital  functions  would  be 
clogged  and  impeded  in  their  movements,  and 
death  would  inevitably  ensue. 

Sensation. — The  nerves  are  generally  consider- 
ed, as  the  instruments  of  sensation.  They  are  soft 
white  cords  which  proceed  from  the  brain  and 
spinal  marrow.  They  come  forth  originally  by 
pairs.  Ten  pair  proceed  from  the  medullary 
substance  of  the  brain,  which  are  distributed  to 
all  parts  of  the  head  and  neck.  Thirty  pair  pro- 
ceed from  the  spinal  marrow,  through  the  verte- 
brae, to  all  the  other  parts  of  the  body;  being  forty 
in  all.  These  nerves,  the  ramifications  of  which 
tire  infinitely  various  and  minute,  are  distributed 
upon  the  heart,  lungs,  blood-vessels,  bowels,  and 
muscles,  until  they  terminate  on  the  skin  or  ex- 
ternal covering  of  the  body.  Impressions  of  ex- 
ternal objects  are  received  by  the  brain  from  the 
adjacent  organs  of  sense,  and  the  brain  exercises 
its  commands  over  the  muscles  and  lunbs  by 
means  of  the  nerves. 

Without  prosecuting  these  imperfect  descrip- 
tions further,  I  shall  conclude  this  very  hasty 
sketch  with  the  following  summary  of  the  parts 
of  the  body,  in  the  words  of  Bonnet. — "  The  bones, 
by  their  joints  and  solidity,  form  the  foundation 
of  this  fine  machine:  the  ligaments  are  strings 
which  unite  the  parts  together:  the  muscles  are 
fleshy  substances,  which  act  as  elastic  springs  to 
put  them  in  motion:  the  nerves,  which  are  dis- 
persed over  the  whole  body,  connect  all  the  parts 
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together:  the  arteries  and  veins  like  rivulets,  con- 
vey life  and  health  throughout:  the  heart,  placed 
in  the  center,  is  the  focus  where  the  blood  col- 
lects, or  the  acting  power  by  means  of  which  it 
circulates  and  is  preserved:  the  lungs,  by  means 
of  another  power  draw  in   the  external  air,  and 
expel  hurtful  vapors :   the  stomach  and  intestines 
are    the    magazines    where    everything    that    is 
j  required    for    the    daily  supply   is   prepared:    the 
;  brain,  that  seat  of  the  soul,  is  formed  in  a  manner 
I  suitable  to  the  dignity  of  its  inhabitant:  the  senses, 
t  which   are    the  soul's  ministers,  warn  it  of    all 
that  is  necessary  either  for  its  pleasure  or  use.* 
I  Adorable  Creator!  with  what  wonderful  art  hast 
I  thou   formed   nsl     Tiiough  the  heavens  did   not 
exist  to  proclaim   thy  glory — though  there  were 
no  created  being  upon  earth  but  myself,  my  own 
bodj^  might  suflice  to  convince  me  that  thou  art  a 
God  of  uHlimited  power  and  infinite  goodness." 

This  subject  suggests  a  variety  of  moral  and 
religious  reflections,  but  the  limits  to  which  I  am 
confined  will  permit  me  to  state  only  the  follow- 
ing:— 

1.  The  economy  of  the  human  frame,  when 
seriously  contemplated,  has  a  tendency  to  excite 
admiration  and  astonishment,  and  to  impress  us 
with  a  ^ense  of  our  continual  dependence  on  a.  Su- 
perior Power.  What  an  immense  multiplicity  of 
machinery  must  be  in  action,  to  enable  us  to 
breathe,  to  feel,  and  to  walk!  Hundreds  of  bones 
of  diversified  forms,  connected  together  by  various 
modes  of  articulation;  hundreds  of  muscles  to  pro- 
duce motion,  each  of  them  acting  in  at  least  ten 
different  capacities  (see  p.  36);  hundreds  of  ten- 
dons and  ligaments  to  connect  the  bones  and 
muscles;  hundreds  of  arteries  to  convey  the  blood 
to  the  remotest  part  of  the  system;  hundreds  of 
veins  to  bring  it  back  to  its  reservoir  the  heart; 
thousands  of  glands  secreting  humors  of  various 
kinds  from  the  blood;  thousands  of  lacteal  and 
Ij'mphatic  tubes,  absorbing  and  conveying  nutri- 
ment to  the  circulating  fluid;  millions  of  pores, 
through  which  tiie  perspiration  is  continually 
issuing;  an  infinity  of  ramifications  of  nerves,  dif- 
fusing sensation  throughout  all  the  parts  of  this 
exquisite  machine;  and  the  heart  at  every  pulsa- 
tion exerting  a  force  of  a  hundred  thousand 
pounds,  in  order  to  preserve  all  this  complicated 
machinerj'  in  constant  operation!  The  whole  of 
this  vast  system  of  mechanism  must  be  in  action 
before  we  can  walk  across  our  apartments!  We 
admire  the  operation  of  a  steam-engine,  and  the 
force  it  exerts.  But,  though  it  is  constructed  of 
the  hardest  materials  which  the  mines  can  supply, 
in  a  few  months,  some  of  its  essential  parts  are 
worn  and  deranged,  even  although  its  action 
should  be  frequently  discontinued.  But  the  ani- 
mal machine,  though  constructed,  for  the  most 
part,  of  the  softest  and  most  flabby  substances, 
can  go  on  without  intermission  in  all  its  diversi- 
fied movements,  by  night  and  by  day,  for  the 
space  of  eighty  or  a  hundred  years!  the  heart  giv- 
ing ninety-six  thousand  strokes  every  twenty-four 
hours,  and  the  whole  mass  of  blood  rushing 
through  a  thousand  pipes  of  all  sizes  every  four 
minutes!  And  is  it  7nan  that  governs  these  nice 
and  complicated  movements?  Did  he  set  the 
heart  in  motion,  or  indue  it  with  the  muscular 
force  it  exerts?  And  when  it  has  ceased  to  beat, 
can  he  command  it  again  to  resume  its  functions? 
Man  knows  neither  the  secret  springs  of  the 
machinery  within  him,  nor  the  half  of  the  pur- 
poses for  which  they  serve,  or  of  the  movements 
they   perform.     Can   anything    more  strikingly 
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demonstrate  our  dependence  every  moment  on  a 
Superior  Agent,  and  tliat  it  is  "  in  God  we  live 
and  move  and  have  our  being?"  Were  a  single 
pin  of  the  machinery  within  us,  and  over  which 
we  have  no  control,  either  broken  or  deranged,  a 
thousand  movements  might  instantly  be  interrupt- 
ed, and  our  bodies  left  to  crumble  into  the  dust. 

It  was  considerations  of  this  kind  that  led  the 
celebrated  physician  Galen,  who  was  a  skeptic  in 
his  youth,  publicly  to  acknowledge  that  a  Su- 
preme Intelligence  must  have  operated  in  ordain- 
ing the  laws  by  which  living  beings  are  con- 
structed. And  he  wrote  his  excellent  treatise, 
"  On  the  uses  of  the  parts  of  the  human  frame," 
as  a  solemn  hymn  to  the  Creator  of  the  world. 
"I  tirst  endeavor  from  His  works,"  he  says,  "to 
know  myself,  and  afterward  by  tiia  same  means 
to  show  him  to  others;  to  inform  them  how  great 
is  his  wisdom,  his  goodness,  has  power."  The 
late  Dr.  Hunter  has  obsei-ved,  that  Astronomy 
and  Anatomy  are  the  studies  which  present  us 
with  the  most  striking  view  of  the  two  most  won- 
derful attributes  of  the  Supreme  Being.  The  first 
of  these  fills  the  mind  with  the  idea  of  his  im- 
mensity, in  the  largeness,  distances,  and  number 
of  the  heavenly  bodies;  the  last  astonishes  us 
■with  his  intelligence  and  art,  in  the  variety  and 
delicacy  of  animal  mechanism. 

2.  The  study  of  the  animal  economy  has  a 
powerful  tendency  to  excite  emotions  of  gratitude. 
Man  is  naturally  a  thoughtless  and  ungrateful 
creature.  These  dispositions  are  partly  ov.'ing  to 
ignorance  of  the  wonders  of  the  human  frame, 
and  of  the  admirable  economy  of  the  visible 
world;  and  this  ignorance  is  owing  to  the  want 
of  those  specific  instructions  which  ought  to  be 
communicated  by  parents  and  teachers,  in  con- 
nection with  religion.  For  there  is  no  rational 
being,  who  is  acquainted  with  the  structure  of  his 
animal  system,  and  reflects  upon  it  with  the  least 
degree  of  attention,  but  must  feel  a  sentiment  of 
admiration  and  gratitude.  The  science  which  un- 
folds to  us  the  economy  of  our  bodies,  shows  us, 
on  what  an  infinity  of  springs  and  motions  and 
adaptations,  our  life  and  comfort  depend.  And 
when  we  consider,  that  all  these  movements  are 
performed  without  the  least  care  or  laborious  ef- 
fort on  our  part,  if  we  be  not  altogether  brutish, 
and  insensible  of  our- dependence  on  a  Superior 
Power,  we  must  be  filled  with  e!i:otions  of  grati- 
tude toward  Him  "  whose  hands  have  made  and 
fashioned  us,  and  who  giveth  us  life,  and  breath, 
and  all  things."  Some  of  the  motions  to  which  I 
have  adverted  depend  upon  our  will;  and  with 
what  celerity  do  they  obey  ils  commands?  Be- 
fore we  can  rise  from  our  chair,  and  walk  across 
our  apartment,  a  hundred  muscles  must  be  set  in 
motion;  every  one  of  these  must  be  relaxed  or 
constricted,  just  to  a  certain  degree,  and  no  more; 
and  all  must  act  harmoniously  at  the  same  instant 
of  time;  and  at  the  command  of  the  soul,  all  these 
movements  are  instantaneously  performed.  When 
I  wish  to  lift  my  hand  to  my  head,  every  part  of 
the  body  requisite  to  produce  the  effect  is  put  in 
motion:  the  nerves  are  braced,  the  muscles  are 
stretched  or  relaxed,  the  bones  play  in  their  soc- 
kets, and  the  whole  animal  machine  concurs  in 
the  action,  as  if  every  nerve  and  muscle  had  heard 
a  sovereign  and  resistless  call.  When  1  wish,  the 
next  moment,  to  extena  my  hand  to  my  foot,  all 
these  muscles  are  thrown  into  a  different  state, 
and  a  new  set  are  brought  along  with  them  into 
action;  and  thus  we  may  vary,  every  moment, 
the  movements  of  the  muscular  system,  and  the 
meonanical  actions  it  produces,  by  a  simple  change 
in  our  volition.     Were  we  not  daily  accustomed 


to  such  varied  and  voluntary  movements,  or  coaiO 
wo  contemplate  them  in  any  other  machine,  we 
should  be  lost  in  wonder  and  astonishment. 

Beside  these  voluntary  motions,  there  are  a 
thousand  important  functions  which  have  no  de- 
pendence upon  our  will.  Whether  we  think  of 
it  or  not,  whelher  we  be  sleeping  or  waking,  sit- 
ting or  walking — the  heart  is  incessantly  exerting 
its  muscular  power  at  the  center  of  the  system, 
and  sending  off  streams  of  blood  througli  hun- 
dreds of  pipes;  the  lungs  are  continually  expand- 
ing and  contracting  their  thousands  of  vesicles, 
and  imbibing  the  vital  principle  of  the  air;  the 
stomach  is  grinding  the  food;  the  lacteals  and 
lymphatics  are  extracting  nourishment  for  the 
blood;  tiie  liver  and  kidneys  drawing  off  their 
secretions;  and  the  perspiration  issuing  from  mil- 
lions of  pores.  These,  and  many  other  important 
functions  with  whicii  we  are  unacquainted,  and 
over  which  we  have  no  control,  ought  to  be  re- 
garded as  the  immediate  agency  of  the  Deity 
within  us,  and  should  excite  our  incessant  admira- 
tion and  praise. 

There  is  one  peculiarity  in  the  constitution  of 
our  animal  system,  which  we  are  apt  to  overlook, 
and  for  whicli  we  are  never  sufficiently  grateful?, 
and  that  is,  the  power  it  possesses  of  self-restoration, 
A  wound  heals  up  of  itself;  a  broken  bone  is  made 
firm  again  by  a  callus;  and  a  dead  part  is  separat- 
ed and  thrown  off.  If  all  the  wounds  we  have 
•ever  received  were  still  open  and  bleeding  afresh, 
to  what  a  miserable  condition  should  we  be  re- 
duced? But  by  a  system  of  internal  powers,  be- 
yond all  human  comprehension  as  to  the  mode  of 
their  operation,  such  dismal  effects  are  effectual- 
ly prevented.  In  short,  when  we  consider,  that 
health  depends  upon  such  a  numerous  assemblaga 
of  moving  organs,  and  that  a  single  spring  out  of 
action  might  derange  the  whole  machine,  and  put 
a  stop  to  all  its  complicated  movements,  can  we 
refrain  from  joining  with  the  Psalmist  in  his  pious 
exclamation,  and  grateful  resolution,  "  How  pre- 
cious are  thy  wonderful  contrivances  concerning 
me,  O  God!  how  great  is  the  sum  of  them!  I  will 
praise  thee;  for  I  am  fearfully  and  wonderfully 
made.  Marvelous  are  thy  works,  and  that  my 
soul  kncweth  right  well." 

Omitting  the  consideration  of  several  other  de- 
partments of  science,  I  shall,  in  the  meantime, 
notice  only  another  subject  connected  with  reli- 
gion, and  that  is 

HISTORY. 

History  embraces  a  record  and  description  of 
past  facts  and  events  in  reference  to  all  the  na- 
tions and  ages  of  the  world,  in  so  far  as  they  are 

known,  and  have  been  transmitted  to  our  time 

As  Natural  History  contains  a  record  of  the  ope- 
rations of  the  Creator  in  the  material  world,  so 
Sacred  and  Civil  History  embraces  a  record  of  his 
transactions  in  the  moral  and  intellectual  world, 
or,  in  other  words,  a  detail  of  the  plans  and  opera- 
tions of  his  Providence,  in  relation  to  the  inhabit- 
ants of  our  globe. 

During  the  period  of  3500  years  from  the  crea- 
tion of  man,  tlie  Sacred  History  contained  in  the 
Old  Testament  is  our  only  source  of  information 
in  reference  to  the  state  of  mankind,  and  the 
events  which  happened  to  the  human  race  through- 
out that  long  interval.  From  the  creation  of 
Adam  to  the  Deluge — a  period  of  about  2000 
years,  according  to  the  Septuagint  chronology — 
we  have  no  authenticated  account  of  what  hap- 
pened to  the  inhabitants  of  the  world,  but  that 
!  which  is  recorded  in  the  first  eight  chapters  of  the 
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book  of  Genesis.  And  duriiio;  a  poriod  of  1500 
j'ears  after  the  tlood,  the  Sacred  History  is  still 
our  only  sure  guide  as  to  the  events  which  took 
place  among-  the  nations  of  the  earth.  This  his- 
tory, however,  relates  chiefly  to  the  inhabitants  of 
Judea,  and  the  surrounding  nations, — so  that  the 
greater  portion  of  the  history  of  man,  in  reference 
to  all  the  other  nations  of  the  world,  remains  to 
be  learned  in  a  future  state.  The  Old  Testament 
records  carry  down  our  views  of  the  history  of 
man  to  the  period  of  the  Jewish  captivity,  and  to 
about  a  hundred  years  posterior  to  that  event, 
that  is,  to  witliin  four  or  five  hundred  years  of 
the  Christian  era.  About  this  period  Cicil  Histo- 
ry becomes  definite  and  authentic,  and  fills  up, 
in  some  measure,  the  chasm  which  is  left  in  the 
Sacred  History,  so  that,  from  tliis  period  down- 
ward to  the  present  time  —  with  the  exception 
of  the  New  Testament  records — we  are  indebted 
to  civil  or  profane  history,  written  by  men  of  dif- 
ferent nations,  for  all  our  knowledge  of  the  trans- 
actions of  mankind  and  of  the  events  wliich  have 
befallen  them  during  the  bypast  period  of  2500 
years. 

Civil  history  has  been  divided  into  Ancient  and 
Modern  History.  Ancient  history  stretches  back 
as  far  as  the  authentic  records  of  nations  can 
carry  us;  but  we  have  no  records  to  be  depended 
upon,  .separate  from  Revelation,  which  can  carry 
us  farther  bick  in  the  lapse  of  p;!st  af;es,  than 
about  a  thousand  years  before  the  Christian  era. 
This  di^partment  of  historic  record  comprehends 
tlie  history  of  the  Egyptians — the  Assyrians  and 
Babylonians  —  the  Jeios  and  Phenicians  —  the 
Medes  and  Persians — the  Scythians  and  Celts — tlie 
Carthageniaas, — ;  and  particularly  the  history  of 
the  Greeks  and  of  the  Romans,  which  forms  by 
far  the  larger  portion  of  ancient  history,  extend- 
ing from  the,  building  of  Rome  in  the  year  753 
before  Christ,  to  the  subversion  of  the  Roman 
empire  in  the  6th  century  of  the  Christian  era,  a 
period  of  about  1300  years. —  Modern  history 
commences  where  ancient  history  ends,  about  the 
6th  or  7th  century,  and  comprises  the  history  of 
France,  Germany,  Britain,  Spain,  Portugal,  Italy, 
and  other  countries  in  Europe,  together  with 
what  is  known  in  modern  times  respecting  the 
events  which  have  happened  in  the  kingdoms  of 
Asia  and  Africa,  and  in  the  settlements  of  Aus- 
tralasia and  America.  In  reference  to  ail  such 
historical  records,  it  is  deeply  \p  be  lamented  that 
they  contain  little  else  than  details  of  wars, 
slaughters  and  devastations,  and  chiefly  present  to 
our  view  pictures  of  extortion,  assussinations, 
wholesale  robberies,  the  destruction  of  empires, 
tlie  burning  of  cities,  and  the  desol.-ition  of  pro- 
vinces. I'rom  these  records,  however,  we  may 
Jearn  such  in.structions  as  the  following: — 

Through  the  medium  of  sacred  history  we  learn 
the  period  and  the  manner  of  man's  creation; — 
the  reason  of  his  fall  from  the  primitive  slate  of 
Integrity  in  which  he  wns  created,  and  the  dismal 
consequences  which  ensued; — the  various  move- 
ments of  providence  in  order  to  his  recovery, 
and  the  means  by  which  human  redemption  was 
achieved; — the  manner  in  which  the  Gospel  was  at 
first  promulgated,  the  countries  into  which  it  was 
carried,  and  the  important  effects  it  produced. — 
Through  the  medium  of  civil  historjr  we  learn  the 
deep  and  universal  depravity  of  mankind,  as  ex- 
hibited in  the  wars,  dissensions,  and  ravages  which 
have  desolated  our  fallen  race  in  every  period  and 
in  every  land;  we  learn  the  desperate  wickedness 
of  the  human  heart  in  the  more  private  acts  of 
ferocity,  cruelty,  and  injustice,  which  in  all  ages 
men  have  perpetrated  upon  each  other; — we  be- 


hold the  righteousness  of  the  supreme  Ruler  o"  the 
world,  and  the  equity  of  his  administration  in  the 
judgments  which  have  been  inflicted  on  wicked 
nations;  and  the  improbability,  nay,  the  impossi- 
bility of  men  being  ever  restored  to  moral  order 
and  happiness,  without  a  more  extensive  diffusion 
of  the  blessings  of  the  gospel  of  peace,  and  a 
more  cordial  acquiescence  iu  the  requirements  of 
the  divine  law. 

Such  being  some  of  the  benefits  to  be  derived 
from  history,  it  requires  no  additional  arguments 
to  sliow  that  this  branch  of  knowledge  should  oc- 
casionally form  a  subject  of  study  to  every  intel- 
ligent Cliristian.  But  in  order  to  render  the 
study  of  history  subservient  to  the  interests  of  re- 
ligion, it  is  not  enough  merely  to  gratify  our  curi- 
osity and  imagination,  by  following  out  a  succes- 
sion of  memorable  events,  by  tracing  the  progress 
of  armies  and  of  battles,  and  listening  to  the 
groans  of  ihfi  vanquished  and  the  shouts  of  con- 
querors. This  would  be  to  study  history  merely 
as  skeptics,  as  atheists,  or  as  writers  of  novels. — 
When  we  contemplate  the  facts  which  the  histo- 
rian presents  to  our  view,  we  ougiit  to  raise  our 
^yes  to  Him  who  is  the  Governor  among  the  na- 
tions, "  who  doth  according  to  his  will  in  the 
armies  of  heaven  and  among  the  inhabitants  of 
tlie  earth,"  and  who  overrules  the  jarring  interests 
of  mortals,  for  promoting  the  prosperity  of  that 
kingdom  which  shall  never  be  moved.  We  should 
view  the  immoral  propensities  and  dispositions  of 
mankind  as  portraj-ed  in  the  page  of  history,  as 
evidences  of  the  depravity  of  our  species,  and  as 
excitements  to  propagate,  with  unremitting  ener- 
gy, the  knov.'ledge  of  that  Religion,  whose  sub- 
lime doctrines  and  pure  precepts  alone  can  coun- 
teract the  stream  of  human  corruption,  and  unite 
all  nations  in  one  harmonious  society.  We  should 
view  the  contests  of  nations,  and  the  results  with 
which  they  are  accompanied,  as  guided  by  that 
invisible  hand  which  "mustereth  the  armies  to 
the  battle;"  and  should  contemplate  them  either 
as  the  accomplishment  of  Divine  predictions, aa 
the  inflictions  of  retributive  justice,  as  paving  the 
way  for  the  introduction  of  rational  liberty  and 
social  happiness  among  men,  or  as  ushering  in 
that  glorious  period,  when  "  the  knowledge  of  the 
Lord  shall  cover  the  earth,"  and  the  nations  shall 
learn  war  no  more. 


Thus  I  have  taken  a  very  cursory  survey  of 
some  of  these  sciences  which  stand  in  a  near  rela- 
tion to  the  objects  of  Religion;  and  which  may 
indeed  be  considered  as  farming  so  many  of  its 
subordinate  branches.  There  are  many  other  de- 
partments of  knowledge,  which  at  first  view  do 
not  seem  to  have  any  relation  to  Theological  sci- 
ence; and  yet,  on  a  closer  inspection,  will  bo 
found  to  be  essentially  connected  with  the  several 
subjects  of  which  I  have  been  treating.  For  ex- 
ample— some  may  be  apt  to  imagine  that  Arithme- 
tic, Geometry,  Trigonometry,  and  other  branches 
of  Mathematics,  can  have  no  relation  to  the  lead- 
ing objects  of  Religion.  But  if  these  sciencea 
had  never  been  cultivated,  the  most  important  dis- 
coveries of  astronomy,  geography,  natural  philo- 
sophy, and  chemistry,  would  never  have  been 
made;  ships  could  not  have  been  navigated  across 
the  ocean;  distant  continents,  and  the  numerous 
"  isles  of  the  sea,"  would  have  remained  unex- 
plored, and  their  inhabitants  left  to  grope  in  the 
darkness  of  heathenism;  and  mo.'-t  of  those  in- 
struments and  engines  by  whicli  the  condition  of 
the  human  race  will  be  gradually  meliorated,  and 
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the  influence  of  Christianity  extended,  would 
never  have  been  invented.  Such  is  tlie  depend- 
ence of  every  branch  of  useful  knowledge  upon 
another,  that  were  any  one  portion  of  sciende, 
which  has  a  practical  tendency,  to  be  discarded,  it 
would  prevent  to  a  certain  degree  the  improve- 
ment of  every  other.  And  consequently,  if  any 
one  science  can  be  shown  to  have  a  connection 
with  religion,  all  the  rest  must  likewise  stand  in 
a  certain  relation  to  it.  It  must,  therefore,  have 
a  pernicious  effect  on  the  minds  of  the  mass  of 
the  Christian  world,  when  preachers  in  their  ser- 
mons endeavor  to  undervalue  scientific  know- 
ledge, by  attempting  to  contrast  it  with  the  doc- 
trines of  Revelation.  It  would  be  just  as  reason- 
able to  attempt  to  contrast  the  several  doctrines, 
duties,  and  facts  recorded  in  the  New  Testament, 
with  each  other,  in  order  to  determine  their  rela- 
tive importance,  and  to  show  wliich  of  them 
might  be  altogether  overlooked  and  discarded. — 
The  series  of  facts  and  of  divine  revelations  com- 
prised in  the  Bible;  the  moral  and  political  events 
which  diversify  the  history  of  nations;  and  the 
physical  operations  that  are  going  on  among  the 
rolling  worlds  on  high,  and  in  the  chemicab 
changes  of  the  invisible  atoms  of  matter — are  all 
parts  of  one  comprehensive  system,  under  the  di- 
rection of  the  Eternal  Mind;  every  portion  of 
which  must  have  a  certain  relation  to  the  whole. 
Arid  therefore,  instead  of  attempting  to  degrade  one 
jiart  of  the  Divine  fabric,  in  order  to  enhance  an- 
other, our  duty  is  to  take  an  expansive  view  of 
the  v?hole,  and  to  consider  the  symmetry  and 
proportion  of  its  parts,  and  their  mutual  bear- 
ings and  relations,  in  so  far  as  our  opportu- 
nities and  the  limited  faculties  of  our  minds  will 
permit. 

If  the  remarks  which  have  been  thrown  out  in 
this  chapter,  respecting  the  connection  of  the  Sci- 
ences with  Religion,  have  any  foundation,  it  will 


follow — that  Sermons,  Lectures,  systems  of  Di- 
vinity, and  Religious  Periodical  works,  should 
embrace  occasional  illustrations  of  such  subjects, 
for  the  pur[)0se  of  expanding  the  conceptions  of 
professed  Christians,  and  of  enabling  them  to 
take  large  and  comprehensive  views  of  the  per- 
fections and  the  providence  of  the  Almighty. — 
It  is  much  to  be  regretted,  that  so  many  members 
of  the  Christian  church  are  absolute  strangers  to 
such  studies  and  contemplations;  while  the  time 
and  attention  that  might  have  been  devoted  to 
such  exercises,  have  in  many  cases  been  usurped 
by  the  most  groveling  affections,  by  foolisli  pur- 
suits, by  gossiping  chitchat,  and  slanderous  con- 
versation. Shall  the  most  trifling  and  absurd 
opinions  of  ancient  and  modern  heretics  be 
judged  worthy  of  attention,  and  occupy  a  place 
in  Religious  journals,  and  even  in  discussions 
from  the  pulpit;  and  shall  "  the  mighty  acts  of 
the  Lord,"  and  the  visible  wonders  of  his  power 
and  wisdom,  be  thrown  completely  into  the  shadel 
To  survey  with  an  eye  of  intelligence  the  wide- 
extended  theater  of  the  Divine  operations  —  to 
mark  tiie  agency  of  the  Eternal  Mind  in  every 
object  we  behold,  and  in  every  movement  within 
us  and  around  us,  are  some  of  the  noblest  attain- 
ments of  the  rational  soul;  and,  in  conjunction 
with  every  other  Christian  study  and  acquire- 
ment, are  calculated  to  make  "  the  man  of  God 
perfect,  and  thoroughly  furnished  unto  every 
good  work."  By  such  studies  we  are,  in  some 
measure,  assimilated  to  the  angelic  tribes,  whoso 
powers  of  intellect  are  forever  employed  in  such 
investigations;  and  are  gradually  prepared  for 
bearing  a  part  in  their  immortal  hymn — "  Great 
and  marvelous  are  thy  works.  Lord  God  Almighty; 
just  and  true  are  thy  ways,  thou  King  of  Saints! 
Thou  art  worthy  to  receive  glory  and  honor  and 
power;  for  thou  hast  created  all  things,  and  'or 
thy  pleasure  they  are  and  were  created." 


CHAPTER    III. 

THE   RELATION  WHICH  THE  INVENTIONS   OF  HUMAN  ART  BEAR   TO  THE 
OBJECTS   OF   RELIGION. 


In  this  chapter  I  shall  briefly  notice  a  few  phi- 
losophical and  mechanical  inventions,  which  have 
an  obvious  bearing  on  Religion,  and  on  the  gene- 
ral propagation  of  Christianity  among  the  nations. 

The  first,  and  perhaps  the  most  important  of 
the  inventions  to  which  I  allude,  is  the  Art  of 
Printing.  This  art  appears  to  have  been  invented 
(at  least  in  Europe)  about  the  year  14.30,  by  one 
Laurentius,  or  Laurence  Koster,  a  native  of  Haer- 
lem,  a  town  in  Holland.  As  he  was  walking  in  a 
wood  near  the  city,  he  began  to  cut  some  letters 
upon  the  rind  of  a  beech  tree,  which,  for  the  sake 
of  gratifying  his  fancy,  being  impressed  on  paper, 
he  printed  one  or  two  lines  as  a  specimen  for  his 
grand-children  to  follow.  This  having  succeeded, 
he  meditated  greater  things:  and,  first  of  all,  in- 
vented a  more  glutinous  writing-ink,  because  he 
found  the  common  ink  sunk  and  spread;  and 
thus  fornif-d  4hole  pages  of  wood  vi^ith  letters 
cut   upon  them.*     By  the  gradual  improvement 

*  I  nm  aware  that  the  honor  of  this  invention  has  heen 
claimed  by  other  cities  beside  Haerlem,  particularly  by 
Buasburg,  and  Menl/.,  a  city  ot"  Germany;  and  by  other  iti- 


of  this  art,  and  its  application  to  the  diffusion  of 
knowledge,  a  new  era  was  formed  in  the  annals 
of  the  human  race,  and  in  the  progress  of  science, 
religion,  and  morals.     To  it  we  are  chiefly  in- 


dividuals beside  Laurentius,  chiefly  by  one  Favst,  common- 
ly called  Dr.  Faustus;  by  Schoeffer,  and  by  Guttenberg.  It 
appears  that  the  art,  with  many  of  its  implements,  was 
stolen  from  Laurentius  by  one  of  his  servants,  whom  lie  had 
bound  by  an  oath  to  secrecy,  who  fled  to  Mentz,  and  firsl 
commenced  the  process  of  printing  in  that  city.  Here  the 
art  was  improved  by  Faust  and  Schoeffer,  by  their  invention 
of  metallic,  instead  of  wooikn  types,  which  were  first  used. 
When  Faust  was  in  Paris,  disposing  of  some  Bibles  he  had 
printed,  at  the  low  price  (as  was  then  thought)  of  sixty 
crowns,  the  number,  and  uniformity  of  the  copies  lie  pos- 
sessed, created  universal  agitation  and  astonishment.  In- 
formations were  given  to  the  police  against  him  as  a  VMgi- 
cian,  his  lodgings  were  searched,  and  a  great  number  of 
copies  being  found,  they  were  seized;  the  red  ink  with 
which  they  were  embellished  was  said  to  be  his  blood:  it 
was  seriously  adjudged  that  he  was  in  league  with  the 
Devil;  and  if  he  had  not  fled  from  the  city,  most  probably 
he  wonld  have  shared  the  fate  of  those  whom  ignorant  and 
superstitious  judges,  at  that  time,  condemned  for  witch- 
craft. From  this  circumstance,  let  us  learn  to  beware  how 
we  view  the  inventions  of  genius,  and  how  we  treat  those 
whose  in^jenious  contrivances  may  afterward  bo  the  mean* 
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debted  for  our  deliverance  from  ignorance  and 
error,  and  for  the  most  of  those  scientific  discove- 
ries and  improvements  in  the  arts  which  distin- 
guish the  period  in  which  we  live.  Without  its 
aid,  the  Reformation  from  Popery  could  scarcely 
have  been  achieved;  for  had  the  books  of  Luther, 
one  of  the  first  reformers,  been  multiplied  by  the 
slow  process  of  hand-writing  and  copying,  they 
could  never  have  been  diffused  to  any  extent;  and 
the  influence  of  bribery  and  of  power  might  have 
been  sutficient  to  have  arrested  their  progress,  or 
even  to  have  erased  their  existence.  But,  being 
poured  forth  from  the  press  in  thousands  at  a 
time,  they  spread  over  the  nations  of  Europe, 
like  an  inundation,  and  with  a  rapidity  which 
neither  the  authority  of  princes,  nor  the  schemes 
of  priests  and  cardinals,  nor  the  bulls  of  popes, 
could  counteract  or  suspend.  To  this  noble  in- 
vention it  is  owing  that  copies  of  the  Bible  have 
been  multiplied  to  the  extent  of  many  millions — 
that  ten  thousands  of  them  are  to  be  found  in 
every  Protestant  country — and  that  the  poorest 
individual  who  expresses  a  desire  for  it,  may  be 
furnished  with  the  "Word  of  Life,"  which  will 
guide  him  to  a  blessed  immortality.  That  Divine 
light  which  is  destined  to  illuminate  every  region 


of  enlightening  and  meliorating  mankind. — See  Appendix, 
Note  IX. 

Various  improvements  have  been  made  of  late  years  in 
the  art  of  Printing.  The  art  of  Stereotyping,  whicli  was 
invented  by  Mr.  Ged,  of  Edinburgh,  in  1725,  but  was  not 
brought  into  general  use  until  after  the  beginning  of  the  pre- 
sent century — is  now  extensively  used,  both  in  Great  Britain 
and  America,  in  the  printing  of  such  books  as  have  an  ex- 
.ensive  circulation.  When  a  page  is  intended  to  be  Hereo- 
tupcd,  the  types  are,  in  the  first  instance,  put  up  in  the  usual 
way;  but  instead  of  being  carried  to  the  press,  the  page  is 
plastered  over  witli  liquid  stucco  to  the  thickness  of  about 
half  an  inch,  so  that  a  level  cake  is  formed  on  the  surface 
of  the  types.  As  soon  as  the  stucco  hardens,  the  cake  is 
separated  from  the  types,  and  on  being  turned  up,  shows  a 
complete  mold-like  representation  of  the  faces  of  the 
types;  and  there  being  no  longer  any  use  for  the  types,  they 
are  carried  off  and  distributed.  Atler  the  cake  is  hardened, 
by  putting  it  into  an  oven,  it  is  next  laid  in  a  square  iron 
pan,  at  the  bottom  of  which  is  a  movable  plate,  upon 
which  the  mold  is  placed,  with  its  face  downward.  The 
pan  is  then  immersed  in  a  pot  of  molten  lead,  and  when  the 
lead  has  run  into  the  mold  side  of  the  cake,  and  formed  a 
thin  plate  all  over,  there  is  produced  the  perfect  appearance 
of  the  faces  of  the  types  on  which  the  stucco  was  plastered. 
The  stereotype  plates,  thus  prepared,  are  next  taken  to  the 
printing-office  and  made  ready  lor  the  press,  by  placing  them 
on  iron  or  wooden  blocks,  so  that  both  plate  and  block  make 
up  the  exact  bight  of  a  page  of  real  types. — In  this  manner 
any  number  of  copies  of  a  book  may  be  printed  at  any  time, 
without  again  incurring  the  trouble  and  expense  of  re-setting 
the  types,  as  is  necessary  to  be  done  in  printing  new  edi- 
tions. Chambers'  "  Edinburgh  Journal  "  is  regularly  ste- 
reotyped in  this  way.  The  types  being  put  up  on  the  premi- 
ses of  the  publishers,  are  sent  otF  in  pages  to  a  stereotype 
foundery,  where  two  sets  of  plates  are  molded.  One  set 
of  plates  is  kept  for  use  in  Edinburgh,  and  the  other  sent  in 
a  box,  by  the  Royal  Mail  or  Steam  vessel,  to  London,  where 
it  is  immediately  subjected  to  a  steam  press,  and  in  a  few 
hours  made  to  produce  20,000  or  more  printed  sheets. 

Steam-printing — which  is  now  coming  in  general  use — 
appears  to  have  been  first  introduced  by  Mr.  Konig,  a  Ger- 
man, about  1H04.  The  •'  Times"  newspaper,  of  November 
28, 1814,  appears  to  have  been  the  first  ever  printed  by  ma- 
chinery propelled  by  steam,  and  the  numbers  of  that  paper 
have  been  thrown  oft'  by  the  same  process  ever  since.  A 
machine  of  this  description,  with  one  cylinder,  throws  oiF 
from  900  to  1200  sheets  in  an  hour  on  one  side,  requiring  two 
boys,  one  to  lay  on  the  paper,  and  another  to  receive  it  when 
printed.  A  machine  with  two  cylinders  throws  oft"  at  the 
rate  of  from  IGOO  to  2200  an  hour,  requiring  two  boys  to  lay 
on  the  sheets,  and  two  to  take  them  oft — exclusively  for 
newspapers.  A  machine  similar  to  that  used  by  the 
'•Times,"  willi  4  printing  cylinders,  requiring  the  atten- 
dance of  8  boys,  throws  off"  about  4000  sheets  an  hour.  By 
the  erection  of  such  steam  presses,  the  three  grand  requi- 
sites, speediness  of  execution,  quantity,  and  cheapness  of 
labor,  are  secured  to  an  extent  which  could  scarcely  have 
been  anticipated  in  a  preceding  age,  and  which  is  calculated 
to  supply  the  exigencies  of  the  times  in  which  we  live, 
when  knowledge  of  every  description  iz  rapidly  diff'using 
Itself  among  all  ranks  of  the  community. 


of  the  globe,  and  to  sanctify  and  reform  men  of 
all  nations,  and  kindreds,  and  tongues,  is  accele- 
rated in  its  movements,  and  directed  in  its  course 
through  the  nations,  by  the  invention  of  the  Art 
of  Printing;  and  ere  long  it  will  distribute  among 
the  inhabitants  of  every  land,  the  "  Law  and  the 
Testimony  of  the  Most  High,"  to  guide  their 
steps  to  the  regions  of  eternal  bliss.  In  short, 
there  is  not  a  more  powerful  engine  in  the  hand 
of  Providence,  for  diffusing  the  knowledge  of  the 
nature  and  the  will  of  the  Deity,  and  for  accom- 
plishing the  grand  objects  of  Revelation,  than  tlie 
art  of  multiplying  books,  and  of  conveying  in- 
telligence through  the  medium  of  the  press. 
Were  no  such  art  in  existence,  we  cannot  con- 
ceive how  an  extensive  and  universal  propagation 
of  the  doctrines  of  Revelation  could  be  effected, 
unless  after  the  lapse  of  an  indefinite  number  of 
ages.  But  with  the  assistance  of  this  invention, 
in  its  present  improved  state,  the  island  of  Great 
Britain  alone,  within  less  than  one  hundred  years, 
could  furnish  a  copy  of  the  Scriptures  to  every 
inhabitant  of  the  world,  and  could  defray  the  ex- 
pense of  such  an  undertaking,  with  much  more 
ease,  and  with  a  smaller  sum,  than  were  necessa- 
ry to  finish  the  political  warfare  in  which  we  were 
lately  engaged. 

These  considerations  teach  us  that  the  ingeni- 
ous inventions  of  the  human  mind  are  under  the 
direction  and  control  of  the  Governor  of  the 
world — are  intimately  connected  with  the  accom- 
plishment of  the  plans  of  his  providence;  and 
have  a  tendency,  either  directly  or  indirectly,  to 
promote,  over  every  region  of  the  earth,  the  pro- 
gress and  extension  of  the  kingdom  of  the  Re- 
deemer. They  also  show  us  from  what  small  be- 
ginnings the  most  magnificent  operations  of  the 
Divine  economy  may  derive  their  origin.  Who 
could  have  imagined  that  the  simple  circumstance 
of  a  person  amusing  himself  by  cutting  a  few  let- 
ters on  the  bark  of  a  tree,  and  impressing  them 
on  paper,  was  intimately  connected  with  the  men- 
tal illumination  of  mankind?  and  that  the  art 
which  sprung  from  this  casual  process  was  des- 
tined to  be  the  principal  mean  of  illuminating 
the  nations,  and  of  conveying  to  the  ends  of  the 
earth  the  "salvation  of  our  God?"  But  "He 
who  rules  in  the  armies  of  heaven,  and  among 
the  inhabitants  of  the  earth,"  and  who  sees  "  the 
end  from  the  beginning,"  overrules  the  most 
minute  movements  of  all  his  creatures,  in  sub- 
serviency to  his  ultimate  designs,  and  shows  him- 
self in  this  respect  to  be  "  wonderful  in  counsel 
and  excellent  in  working." 

The  Mari.ner's  Compass. — Another  invention 
which  has  an  intimate  relation  to  religion,  is  the 
Art  of  Navigation  and  the  invention  of  the  Mari- 
ner's Compass.  Navigation  is  the  art  of  conduct- 
ing a  ship  through  the  sea  from  one  port  to 
another.  This  art  was  partly  known  and  prac- 
ticed in  the  early  ages  of  antiquity  by  the  Phe- 
nicians,  the  Carthaginians,  the  Egyptians,  the 
Romans,  and  other  nations  of  Europe  and  Asia. 
But  they  had  no  guide  to  direct  them  in  their 
voyages,  except  the  sun  in  the  day-time,  and  the 
stars  by  night.  Wlien  the  sky  was  overcast  with 
clouds,  they  were  thrown  into  alarms,  and  durst 
not  venture  to  any  great  distance  from  the  coast, 
lest  they  should  be  carried  forward  in  a  course 
opposite  to  that  which  they  intended,  or  be  driven 
against  liidden  rocks,  or  unknown  shores.  The 
danger  and  difKculty  of  the  navigation  of  the  an- 
cients on  this  account  may  be  learned  from  the 
deliberations,  flie  great  preparations,  and  the 
alarms  of  Homer's  heroes,  when  they  were  about 
to  cross  the  .lEgean  sea,  an  extent  of  not  more 
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than  150  miles;  and  the  expedition  of  the  Argo- 
nauts under  Jason,  across  the  sea  of  Marmora 
and  the  Euxine,  to  the  island  of  Colchis,  a  dis- 
tance of  only  four  or  five  hundred  miles,  was 
viewed  as  a  most  wonderful  exploit,  at  which 
even  the  gods  themselves  were  said  to  be  amazed. 
The  same  thing  appears  from  tlie  narration  we 
Lave  in  the  Acts  of  the  Apostles,  of  Paul's  voy- 
age from  Cesarea  to  Rome.  "  When,"  says  Luke, 
"  neither  sun  nor  stars  in  many  days  appeared, 
and  no  small  tempest  lay  on  us,  all  hope  that  we 
should  be  saved  was  then  taken  away."  Being 
deprived  of  these  guides,  they  were  tossed  about 
in  the  Mediterranean,  not  knowing  whether  they 
were  carried  to  north,  south,  east,  or  west.  So 
that  the  voyages  of  antiquity  consisted  chiefly  in 
creeping  along  the  coast,  and  seldom  venturing 
beyond  sight  of  land:  they  could  not,  therefore, 
extend  their  excursions  by  sea  to  distant  conti- 
nents and  nations;  and  hence  the  greater  portion 
of  the  terraqueous  globe  and  its  inhabitants  were 
to  them  altogether  unknown.  It  was  not  before 
the  invention  of  the  mariner's  compass  that  dis- 
tant voyages  could  be  undertaken,  that  exten- 
sive oceans  could  be  traversed,  and  an  inter- 
course carried  on  between  remote  continents  and 
the  islands  of  the  ocean. 

It  is  somewhat  uncertain  at  what  precise  period 
this  noble  discovery  was  made;  but  it  appears 
pretty  evident  that  the  mariner's  compass  was  not 
commonly  used  in  navigation  before  tiie  year 
1420,  or  only  a  few  years  before  the  invention  of 
printing.*  The  loadstone,  in  all  ages,  was  known 
to  have  the  property  of  attracting  iron;  but  its 
tendency  to  point  toward  the  north  and  south 
seems  to  have  been  unnoticed  until  the  beginning 
of  the  twell'th  century.  About  that  time,  some 
curious  persons  seem  to  have  amused  themselves 
by  making  to  swim,  in  a  basin  of  water,  a  load- 
stone suspended  on  a  piece  of  cork;  and  to  have 
remarked,  that,  when  left  at  liberty,  one  of  its 
extremities  pointed  to  the  north.  They  had  also 
remarked,  that,  when  a  piece  of  iron  is  rubbed 
against  the  loadstone,  it  acquires  also  the  ])roperty 
01  turning  toward  the  north,  and  of  attracting 
needles  and  filings  of  iron.  From  one  experiment 
to  another,  they  proceeded  to  lay  a  needle,  touched 
with  the  magnet,  on  two  small  bits  of  straw  float- 
ing on  tlie  water,  and  to  observe  that  the  nee;lle 
invariably  turned  its  point  toward  the  north.  The 
first  use  they  seem  to  have  made  of  these  experi- 
ments, was  to  impose  upon  simple  people  by  the 
appearance  of  magic.  For  example,  a  hollow 
swan,  or  the  figure  of  a  mermaid,  was  made  to 
swim  in  a  basin  of  water,  and  to  follow  a  knife 
with  a  bit  of  bread  upon  its  point,  which  had 
been  previously  rubbed  on  the  loadstone.  The 
experimenter  convinced  them  of  his  power,  by 
commanding,  in  this  way,  a  needle  laid  on  the 
surface  of  the  water,  to  turn  its  point  from  the 
north  to  the  east,  or  in  any  other  direction.  But 
some  geniuses,  of  more  sublime  and  reflective 
powers  of  mind,  seizing  upon  these  hints,  at  last 
applied  these  experiments  to  the  wants  of  naviga- 

*  The  invention  of  the  compass  is  usually  ascribed  to 
Flavio  Gioia,  of  Amalfi,  in  Campania,  about  the  year  1302; 
anil  the  Ila'..ans  are  strenuous  in  support  of  this  claim.  Oth- 
ers affirm  that  Marcus  Paulus,  a  Venetian,  having  made  a 
journey  to  China,  brousht  back  the  invention  witli  him  in 
1200  The  French  also  lay  claim  to  the  honor  of  this  in- 
vention, from  the  circumstance  that  all  nations  distinguish 
the  North  point  of  the  card  by  a  finir  de  lis;  and,  with 
eqnal  reason,  the  English  have  laid  claim  to  the  same  honor, 
ftom  the  name  compiiss,  by  which  most  nations  have  agreed 
to  disiinguish  it.  But  whoever  were  the  inventors,  or  at 
whatever'period  this  instrument  was  first  constructed,  it  does 
not  appear  that  it  was  brought  into  general  nse  before  the 
period  meLtioaed  in  the  text. 


tion,  and  constructed  «a  inst.  xment,  by  the  help 
of  which  the  mariner  can  no-v  direct  his  coursii 
to  distant  lands,  through  the  v'ast  and  palliless 
ocean.  The  following  figurt'  gives  a  gensT^ii 
representation  of  the  mariner's  compass. 
Fig.  27. 
N 


In  consequence  of  the  discovery  of  this  instru 
ment,  the  coasts  of  almost  every  land  on  the  sur- 
face of  the  globe  have  been  explored,  and  a  regu- 
lar intercourse  opened  up  betvi^een  the  remotest 
regions  of  the  earth.  Without  the  help  of  thig 
noble  invention,  America,  in  all  probability, 
would  never  have  been  discovered  by  the  eastern 
nations,  the  vast  continent  of  New  Holland,  tho 
numerous  and  interesting  ishnids  in  the  Indian 
and  Pacific  oceans,  the  isles  of  Japan,  and  other 
immense  teiritories  inhabited  by  human  beings, 
would  have  remained  as  much  unknown  and  un- 
explored as  if  they  had  never  existed.  And  aa 
the  nations  of  Europe  and  the  western  parts  of 
Asia  were  the  sole  depositories  of  the  records  of 
Revelation,  they  could  never  have  conveyed  the 
blessings  of  salvation  to  remote  countries,  and  to 
unknown  tribes  of  mankind,  of  whose  existence 
they  were  entirely  ignorant.  Even  although  the 
whole  terraqueous  globe  had  been  sketched  out 
before  them,  in  all  its  aspects  and  bearings,  and 
ramifications  of  islands,  continents,  seas,  and 
oceans,  and  the  moral  and  political  state  of  every 
tribe  of  its  inhabitants  displayed  lo  view,  without 
a  guide  to  direct  their  course  through  the  billows 
of  the  ocean,  they  could  have  afforded  no  light 
and  no  relief  to  cheer  the  distant  nations  "  who 
sit  in  darkness  and  in  the  shadow  of  death." 
Though  the  art  of  piinting  had  been  invented; 
though  millions  of  Bibles  were  now  prepared, 
adequate  to  the  supply  of  all  the  "kindreds  of 
the  heathen;"  though  ships  in  abundance  were 
equipped  for  the  enterprise,  and  thousands  of  mis- 
sionaries ready  to  embark,  and  to  devote  their 
lives  to  the  instruction  of  the  Pagan  world;  all 
would  be  of  no  avail,  and  the  "  salvation  of  God" 
could  never  be  proclaimed  to  the  ends  of  the 
world,  unless  they  had  the  mariner's  compass  to 
guide  their  course  through  the  trackless  ocean. 

In  this  invention,  then,  we  behold  a  proof  of 
the  agency  of  Divine  Providence  in  directing  the 
efl'orts  of  human  genius  to  subserve  the  most  im- 
portant designs,  ami  contemplate  a  striking  speci- 
men of  the  "  manifold  wisdom  of  vrod."  When 
the  pious  and  contemplative  Israelite  reflected  on 
the  declaration  of  the  prophets,  that  "  the  glory 
of  Jehovah  should  be  revealed,  and  that  all  flesh 
should  see  it  together," — from  the  state  of  the  arts 
which  then  existed,  he  must  have  felt  many  difli- 
culties  in  forming  a  conception  of  the  manner  m 
which  such  predictions  should  bo  realized.    "Tho 
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great  and  wide  sea,"  now  termed  the  Mediterra- 
nean; formed  the  boundary  of  his  view,  beyond 
which  lie  was  unable  to  penetrate.  Of  the  conti- 
nents and  "tlie  isles  afar  off,"  and  of  the  far  more 
spacious  oceans  that  lay  between,  he  had  no 
knowledge;  and  how  "the  ends  of  the  eartii" 
were  to  be  reached,  he  could  form  no  conception; 
and,  in  the  midst  of  his  perplexing  thoughts,  he 
could  find  satisfaction  only  in  tlie  firm  belief  that 
"  with  God  all  things  are  possible."  But  now  we 
are  enabled  not  only  to  contemplate  the  grand 
designs  of  the  Divine  economy,  but  the  principal 
means  by  which  they  shall  all,  in  due  time,  be 
accon)plished,  in  consequence  of  the  progress  of 
science  and  art,  and  of  their  consecration  to  the 
rearing  and  extension  of  the  Christian  church. 

The  two  inventions  to  which  I  have  r.ow  ad- 
verted, may,  perhaps,  be  considered  as  among  the 
most  striking  instances  of  the  connection  of  hu- 
man art  with  the  objects  of  Religion.  But  there 
are  many  other  inventions  which,  at  first  view, 
do  nut  appear  to  bear  so  near  a  relation  to  the 
progress  of  Christianity,  and  yet  have  an  ultimate 
reference  to  some  of  its  grand  and  interesting 
objects. 

The  Telescope. — We  might  be  apt  to  think, 
ou  a  slight  view  of  the  matter,  that  there  can  be 
no  immediate  relation  between  the  grinding  and 
polishing  of  an  optic  glass,  and  fitting  two  or 
more  of  them  in  a  tube — and  the  enlargement  of 
our  views  of  the  operations  of  the  Eternal  Mind. 
Yet  the  connection  between  these  two  objects, 
and  the  dependence  of  the  latter  upon  the  former, 
can  be  fairly  demonstrated. — The  son  of  a  specta- 
cle-maker of  Middleburg  in  Holland,  happening 
to  amuse  himself  in  his  father's  shop,  by  holding 
two  glasses  between  his  finger  and  his  thumb,  and 
varying  their  distances, perceived  the  weathercock 
of  the  church  spire  opposite  to  him,  much  larger 
than  ordinarj',  and  apparently  much  nearer,  and 
turned  upsiac  down.  This  new  wonder  excited 
the  amazement  of  the  father;  he  adjusted  two 
glasses  ou  a  board,  rendering  them  movable  at 
pleasure;  and  thus  formed  the  first  rude  imitation 
of  a  perspective  glass,  by  which  distant  objects 
are  bronght  near  to  view.  Galileo,  a  philosopher 
of  Tuscany,  hearing  of  the  invention,  set  his 
mind  to  work,  in  order  to  bring  it  to  perlVction. 
He  fixed  his  glasses  at  the  end  of  long  organ- 
pipes,  and  constructed  a  telescope,  which  he  soon 
directed  to  diflerent  parts  of  the  surrounding  hea- 
vens. He  discovered  four  moons  revolving  round 
the  planet  Jupiter — spots  on  the  surface  of  the 
Sun,  and  the  rotation  of  that  globe  around  its 
axis — mountains  and  valleys  in  the  Moon — and 
numbers  of  fixed  stars  where  scarcely  one  was 
visible  to  the  naked  eye.  These  discoveries  were 
made  about  the  year  1610,  a  short  time  after  the 
first  invention  of  the  telescope.  Since  that  pe- 
riod, this  instrument  has  passed  tjirough  various 
degrees  of  improvement,  and,  by  means  of  it,  ce- 
lestial wonders  have  been  explored  in  the  distant 
spaces  of  the  universe,  which,  in  former  times, 
were  altogether  concealed  from  mortal  view.  By 
the  help  of  telescopes,  combined  with  the  art  of 
measuring  the  distances  and  magnitudes  of  the 
heavenly  bodies,  our  views  of  the  Grandeur  of 
tlie  Almighty,  of  the  plenitude  of  his  Power,  and 
of  the  extent  of  his  universal  Empire,  are  extended 
far  beyond  what  could  have  been  conceived  in 
former  ages.  Our  prospects  of  the  range  of  the 
divine  operations  are  no  longer  confined  within 
the  limits  of  the  world  we  inhabit;  we  can  no\v 
plainly  perceive,  that  the  kingdom  of  God  is  not 
only  "  an  everlasting  dominion,"  but  that  it  ex- 
tends through   the   unlimited  regions  of  space, 


comprehending  within  its  vast  circumference 
thousands  of  suns,  and  ten  thousands  of  worlds, 
all  arranged  in  majestic  order,  at  immense  dis- 
tances from  one  another,  and  all  supported  and 
governed  "  by  Him  who  rides  on  the  Heaven  of 
heavens,"  whose  greatness  is  unsearchable,  and 
whose  understanding  is  infinite. 

The  telescope  has  also  demonstrated  to  us  the 
literal  truth  of  those  scriptural  declarations  which 
assert  that  the  stars  are  "innumerable."  Befora 
the  invention  of  this  instrument,  not  more  than 
about  a  thousand  stars  could  be  perceived  by  the 
unassisted  eye  in  the  clearest  night.  But  this  in- 
vention has  unfolded  to  view  not  only  thousands, 
but  hundreds  of  tiiousands,  and  millions,  of  those 
bright  lumiiiiries,  which  lie  dispersed  in  every 
direction  throughout  the  boundless  dimensions 
of  space.  In  the  Milky  Way — a  whitish  zone  or 
circle  which  surrounds  the  heavens — more  than 
ten  millions  of  stars  miglit  be  distinguished  by 
means  of  the  best  telescopes.  And  the  higher  the 
magnifying  and  illuminating  powers  of  the  tele- 
scope are,  the  more  numerous  those  celestial  orbs 
appear;  leaving  us  no  room  to  doubt,  that  count- 
less myriads  more  lie  hid  in  the  distant  regions 
of  creation,  far  beyond  the  reach  of  the  finest 
glasses  that  can  be  constructed  by  human  skill, 
and  which  are  known  only  to  Him  "  who  counts 
the  number  of  the  stars,  and  calls  them  by  their 
names." 

In  short,  the  telescope  may  be  considered  as 
serving  the  purpose  of  a  vehicle  for  conveying  us 
to  the  distant  regions  of  space.  We  would  con- 
sider it  as  a  wonderful  achievement,  could  we 
transport  ourselves  two  hundred  thousand  miles 
Crom  the  eartli,  in  the  direction  of  the  Moon,  in 
order  to  take  a  nearer  view  of  that  celestial  orb. 
But  this  instrument  enables  us  to  take  a  much 
nearer  inspection  of  that  planet  than  if  we  had 
actually  surmounted  the  force  of  gravitation,  tra- 
versed the  voids  of  space,  and  left  the  earth  2.'j0,- 
OiJO  miles  behind  us.  For,  supposing  such  a  jour- 
ney to  be  accomplished,  we  should  still  be  ten 
thousand  miles  distant  from  that  orb.  But  a  tele- 
scope which  magnifies  objects  240  times,  can 
carry  our  views  within  one  thousand  miles  of  the 
Moon;  and  a  telescope,  such  as  Sir  W.  Herschel's 
40  feet  reflector,  which  magnifies  6000  times, 
would  enable  us  to  view  the  mountains  and  val- 
leys of  the  Moon,  as  if  we  were  transported  to  a 
point  about  40  miles  from  her  surface.*     We  can 


*  Thoiigti  the  highest  magnifying  power  of  Sir  W.  Her- 
schel's large  telescope,  which  is  now  dismantled,  was  esti- 
mated at  s"ix  thousand  times,  yet,  it  does  not  appear  that  ha 
ever  ap[)lied  this  power  with  success,  when  viewing  the 
moon  and  the  planets.  The  deficiency  of  light,  when  nsing 
so  high  a  power,  would  render  the  view  of  these  olyectj  less 
satisfactory  than  when  viewed  witli  a  power  of  only  a  thou- 
sand times.  Still,  it  is  quite  certain,  that  if  any  portions  of 
the  moon's  surface  were  viewed  through  an  instrument  of 
such  a  power  they  would  appear  as  larg-e  (but  not  nearly  sa 
brig/U  and  distinct)  as  if  we  were  placed  about  40  miles  dis- 
tant from  that  body.  The  enlargement  of  the  angle  of  vi- 
sion, in  this  case,  or  the  apparent  distance  at  which  the 
moon  would  be  contemplated,  is  found  by  dividing  the 
moon's  distance— 240,000  miles,  by  6000,  the  magnifying 
power  of  the  telescope,  which  produces  a  quotient  of  40 — the 
number  of  miles  at  which  the  moon  would  appear  to  ba| 
placed  from  the  eye  of  the  observer.  Sir  VV.  Herschel  ap- 
pears to  have  used  the  highest  powers  of  his  telescopes  only, 
or  chiefly,  when  viewing  some  very  minute  objects  in  the 
region  of  the  stars.  The  powers  he  generally  used,  and 
wfth  which  he  made  most  of  his  discoveries,  were,  227,  400, 
754,  932,  and  occasionally  2010,  3168,  and  6450,  for  the  pur- 
pose of  making  experiments  of  their  effect  on  double  stars, 
etc. 

Lord  Oxmantown,  now  Earl  of  Rosse,  after  a  labor  of 
about  three  years,  completed  in  1345  the  construction  of  hij 
reflectinu'  telescope,  which  is  of  much  larger  dimensions 
than  the'40  feet  telescope  of  Herschel.  The  casting  of  this 
speculum  took  place  in  April,  1842.     The  metal  is  6  feet 
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\new  the  magnificent  system  of  the  planet  Saturn, 
by  means  of  tliis  instrumenf,  as  distinctly,  as  if  we 
had  performed  a  journey  eight  hundred  millions  of 
miles  in  the  direction  of  that  globe;  which,  at  the 
rate  of  50  miles  an  hour,  would  requii-c  a  period 
of  more  than  eighteen  hundred  years  to  accom- 
plish. By  the  telescope,  we  can  contemplate  the 
region  of  the  fixed  stars,  their  arrangement  into 
systems,  and  their  immense  numbers,  with  the 
same  distinctness  and  amplitude  of  view,  as  if  we 
had  actually  taken  a  flight  of  ten  hundred  thou- 
sand millions  of  miles  into  those  unexplored  and 
unexplorable  regions,  which  could  not  be  accom- 
plished in  several  millions  of  years,  though  our 
motion  were  as  rapid  as  a  ball  projected  from  a 
loaded  cannon.  We  would  justly  consider  it  as  a 
noble  endowment  for  enabling  us  to  take  an  ex- 
tensive survey  of  the  works  of  God,  if  we  had  the 
faculty  of  transjtorting  ourselves  lo  such  immense 
distances  from  the  sphere  we  how  occupy;  but 
by  means   of  the   telescopic   tube,  we  may  take 


liquids,  so  small  that  fifty  thousand  of  them  would 
not  equal  the  size  of  a  mite;  and  yet  each  of  these 
creatures  is  furnished  with  a  mouth,  eyes,  sto- 
mach, blood-vessels,  and  other  organs  for  the  per- 
formance of  animal  functions.  In  a  stagnant 
pool,  which  is  covered  with  a  greenish  scum 
during  the  summer  months,  every  drop  of  the 
water  is  found  to  be  a  world  teeming  wilii  thou- 
sands of  inhabitants.  The  moldy  substance  which 
usually  adheres  to  damp  bodies,  exhibits  a  forest 
of  trees  and  plants,  where  the  branches,  leaves, 
and  fruit,  can  be  plainly  distinguished.  In  a 
word,  by  this  admirable  instrument  we  behold  the 
same  AlmiglUy  hand  which  rounded  the  spacious 
globe  on  which  we  live,  and  the  huge  masses  of 
the  planetary  orbs,  and  directs  them  in  their  rapid 
motions  through  the  sky, — employed,  at  the  same 
moment,  in  rounding  and  polishing  ten  thousand 
minute  transparent  globes  in  tlie  eye  of  a  fly; 
and  boring  and  arranging  veins  and  arteries, 
and     forming    and    clasping    joints    and    claws, 


nearly  the  same  ample  views  of  the  dominions  of;  for  the  movements  of  a  mite!  We  thus  learn  the 
the  Creator,  without  stirring  a  foot  from  the '  admirable  and  astonishing  effects  of  the  Wisdom 
limits  of  our  terrestrial  abode.  This  instrument'  of  God, and  that  the  Divine  Care  and  Benevolence 
may,  therefore,  be  considered  as  a  providential !  are  as  much  displayed  in  the  construction  of  the 
gift  bestowed  upon  mankind,  to  serve,  in  the  !  smallest  insect,  as  ia  the  elephant  or  the  whale, 
meantime,   as   a   tewporm-y  suhstitnte,   for    those  |  or  in  those  ponderous  globes  which  roll  around  us 


powers  of  rapid  flight  with  which  the  seraphim 
are  endowed,  and  for  those  superior  faculties  of 
motion  with  which  man  himself  may  be  invested, 
when  he  arrives  at  the  summit  of  moral  per- 
fection.* 

The  Microscope. — The  Microscope  is  another 
instrument,  constructed  on  similar  principles, 
which  has  greatly  expanded  our  views  of  the 
"manifold  wisdom  of  God."  This  instrument, 
which  discovers  to  us  small  objects  invisible  to 
tlie  naked  eye,  was  invented  soon  after  the  inven- 
tion   and    improvement   of    the    telescope.      By 


in  the  sky.  These,  and  thousands  of  other  views 
which  the  microscope  exiiibits,  would  never  have 
been  displayed  to  the  human  mind,  had  they  not 
been  opened  up  by  this  admirable  invention. 

In  fine,  by  means  of  the  two  instruments  to 
wliich  I  have  now  adverted,  we  behold  Jehovah's 
empire  extiuiding  to  infinity  on  either  hand.  By 
the  telescope  we  are  presented  with  the  most 
astonishing  displays  of  his  omnipotence,  in  the  im- 
mense number,  the  rapid  motions,  and  the  incon- 
ceivable magnitude,  of  the  celestial  globes; — and 
by  the  microscope,  we  behold,  what  is  still  more 


means  of  this  optical  contrivance,  we  perceive  a;  inconceivable,  a  display  of  his  unsearchable  wis' 


variety  of  wonders  in  almost  every  object  in  the 
animal,  the  vegetable,  and  the  mineral  kingdoms. 
We  perceive  that  every  particle  of  matter,  how- 
ever minute,  has  a  determinate  form — that  the 
very  scales  on  the  skin  of  a  haddock  are  all  beau- 
tifully interwoven  and  variegated,  like  pieces  of 
network,  which  no  art  can  imitate  —  that  the 
points  of  the  prickles  of  vegetables,  though  mag 


dom  in  tlie  Divine  mechanism,  by  which  a  drop 
of  water  is  peopled  with  myriads  of  inhabitants — 
a  fact,  which,  were  it  not  subject  to  ocular  de- 
monstration, would  far  exceed  the  limits  of  human 
conception  or  belief.  We  have  thus  the  most 
striking  and  sensible  evidence,  that,  from  the  im- 
measurable luminaries  of  heaven,  and  from  the 
loftiest  seraph   that  stands  before  the  throne  of 


nified  a  thousand  times,  appear  as  sharp  and  well  i  God,  down  to  this  lower  world,  and  to  the  small- 
polished  as  to  the  naked  eye — that  every  particle  est  microscopic  animalcule  that  eludes  the  finest 
of  the  dust  on  a  moth  or  a  butterfly's  wing,  is  a  '  glass — He    is   everywhere    present,    and,    by   his 


beautiful  and  regularly  organized  feather — that 
every  hair  of  our  head  is  a  hollow  tube,  with 
bulbs  and  roots,  furnished  with  a  variety  of  threads 
and  filaments — and  that  the  pores  in  our  skin, 
through  which  the  sweat  and  perspiration  &ow, 
are  so  numerous  and  minute,  that  a  grain  of  sand 
would  cover  a  hundred  and  twenty-five  thousand 
of  them.   We  perceive  animated  beings  in  certain 


diameter,  5)4  inches  thick  at  the  edges,  and  5  inches  at  the 
center,  and  its  \vei<;ht  is  about  three  tons.  Its  composition 
is  copper  and  tin — I'JO  parts  of  copper  to  .5"  J^  of  tin.  The 
price  of  the  copper  alone  is  reckoned  at  about  £100.  I5y 
grinding  and  polishing,  its  thickness  was  rechiced  %  or  1-10 
inch.  It  is  formed  into  a  telescope  of  .TO  feet  focal  lenjih. 
The  casting  of  this  immense  speculum,  witli  all  the  opera- 
tions connected  with  it,  were  accomplished  without  any  ac- 
cident, and  with  a  degree  of  sncpe.s  beyond  expectation. 
Tliis  speculum  has  a  retlecting  surface  of  4071  sipiare  inclics, 
while  that  of  Ilerschel's  40  feet  telescope  had  only  IJ^II 
square  inches  on  its  polished  surface;  so  that  the  qnuntily 
of  light  reflected  from  this  speculum  is  consillerably  more 
than\lonl)le   that  of  Ilerschel's  lartjest  reflector.     This  cer- 


power,  intelligence,  and  agency,  animates,  sup- 
ports, and  directs  the  whole.  Such  views  and 
contemplations  naturally  lead  us  to  advert  to  the 
character  of  God,  as  delineated  bj'  the  sacred 
writers,  that  "  He  is  of  great  power  and  mighty 
in  strength;"  that  "His  understanding  is  infinite;" 
that  "  His  works  are  wonderful;"  that  "  His  ope- 
rations are  unsearchable,  and  past  finding  out;" 
and  they  must  excite  the  devout  mind  to  join 
with. fervor  in  the  language  of  adoration  and 
praise — 

When  thy  amazing  works,  O  God! 
My  mental  eye  surveys, 
"Transported  with  the  view  I'm  lost 
In  wonder,  love,  and  praise." 

Steam  Navigation. — We  might  have  been  apt 
to  suppose,  tliat  the  chemical  experiments  that 
were  iirst  made  to  demonstrate  the  force  of  Sleenn 
as  a  mechanical  agent,  could  have  little  relation  to 
the  objects  of  Religion,  or  even  to  the  comfort  of 
human  life  and  soci^ity.     Yet  it  hrts  now  been  ap- 


tainly  ibrnis  one  of  the  most  noble  anil  splendid  instruments  I  plied    to    the    impelling    of  shi()S    and    lurge    boats 
Of  the  kind  thai  have  ever  been  constructed,— and   it  is  not  j  ^1^,,^  ^j^,g,.j,    ^j,j   ^  jj,  opposition  to    both  wind 

improbable  that   by  its  assistance,  lurther  interesting  disco-  ,  <-.  ,  ,       ..■  i      •,         i  •    i        » 

veries  may  be  made  in  the  regions  of  the  stars.  and  tide,  and  With  a  velocity  which,  at  an  average, 

•See  Appendix,  Note  X,  I  exceeds  that  of  any  other  mode  of  conveyance  by 


STEAM  NAVIGATION. 


119 


water.  And  we  have  no  reason  to  believe  that 
this  iuveiUion  hus  liithiTto  attained  its  highest 
state  of  perfection;  but  tliat  it  is  srtill  susceptible 
of  such  improvements,  both  in  point  of  expedition 
and  of  safety,  as  may  render  it  by  far  the  most 
comfortable  and  speedy  conveyance  between  dis- 
tant huuis,  for  transporting  the  volume  of  inspi- 
ration, and  the  heralds  of  the  gospel  of  peace,  to 
"  the  ends  of  the  earth."  By  the  help  of  his  com- 
pass, the  mariner  is  enabled  to  steer  his  course  in 
the  midst  of  the  ocean,  in  the  most  cloudy  days, 
and  in  the  darkest  nights,  and  to  transport  his 
vessel  from  one  end  of  the  world  to  anotiier.  It 
now  only  remains,  that  navigation  be  rendered 
safe,  uniform,  and  expeditious,  and  not  dependent 
on  adverss  winds  or  the  currents  of  the  ocean; 
and  there  is  every  reason  to  expect,  as  the  art  of 
propelling  vessels  by  the  force  of  steam  proceeds 
toward  perfection,  that  these  desirable  objects  will 
be  fully  attained.  Even  at  present,  as  the  inven- 
tion now  stands,  were  a  vessel  fitted  to  encounter 
tlie  waves  of  tiic  Atlantic,  constructed  of  a  proper 
figure  and  curvature,  with  a  proper  disposition  of 
her  wheels,  and  having  room  where  fuel  can  be 
stowed  in  sufficient  quantity  for  the  -voyage,  at 
tlie  rate  of  ten  miles  an  hour,  she  would  pass  from 
the  shores  of  Britain  to  the  coast  of  America,  in 
Jess  than  tlsirteen  days; — and,  even  at  eight  miles 
an  hour,  the  voyage  could  be  completed  in  little 
more  than  fifteen  days:  so  that  intelligence  might 
pass  and  repass  between  the  eastern  and  western 
Continents  within  the  space  of  a  single  month — a 
space  of  time  very  little  more  than  was  requisite, 
eighty  years  ago,  for  conveying  intelligence  be- 
tween Glasgow  and  London.  The  greatest  dis- 
tance at  which  any  two  places  on  the  globe  can 
lie  from  each  other  is  about  12,5U0  miles;  and 
therefore  if  a  direct  portion  of  water  intervene 
between  them,  this  space  could  be  traversed  in 
fifty-four  or  sixty  days.*     And,  if  the  isthmus  of 

*  The  abore  statements  were  written  in  1823,  when  the 
first  edition  of  this  work  was  publislied,  and  were  then  con- 
sidered as  somewhat  extravagant  anticipations,  which  were 
scarcely  expected  to  be  realized,  at  least  in  the  present  age. 
It  is  but  within  the  last  lew  years  that  one  of  our  most  dis- 
tinguished philosophers  and  engineers,  Dr.  Lardner,  de- 
nounced the  scheme  of  attempting  to  cross  the  Atlantic  by 
means  of  sream  as  an  enterprise  altogether  impracticable. 
But  the  navigation  of  the  Atlantic,  by  means  of  steam  ves- 
sels, for  several  years  past,  has  been  regular,  and  almost  as 
common  as  with  or<linary  sailing  vessels; — and  the  rate  of 
motion  has  been  even  greater  than  what  we  anticipated. 
The  Great  Western  was  among  the  first  steam  vessels  that 
crossed  the  Atlantic  from  Britain  to  America,  in  1838,  and 
-  accomplished  the  voyage,  in  safety,  in  about  13  days,  having 
on  board  above  a  hundred  passengers.  Since  that  period 
other  vessels,  as  the  Acadia,  Britannia,  Caledonia,  Colum- 
bia, etc.,  have  regularly  performed  voyages  to  and  from  the 
shores  of  America  and  Great  Britain,  and,  except  in  the 
case  of  the  President,  they  have  all  been  accomplished 
without  any  serious  accidents, — so  that,  the  practicability 
and  the  utility  of  steam  navigation  across  the  ocean  may 
now  be  considered  as  fully  established.  Voyages  by  steam 
are  likewise  now  regularly  performed  to  Lisbon,  Cadiz,  and 
along  the  Mediterranean,  as  far  as  Alexandria,  and  from 
Bombav  to  Suez  along  the  Arabian  and  the  Red  sea — and 
therefore  we  have  reason  to  expect  that,  in  the  course  of  a 
very  few  vears  every  sea  and  ocean  on  the  surface  of  the 
globe  will  be  traversed  by  steam  vessels,  promoting  a  rapid 
intercourse  between  all  the  nations,  tribes,  and  families  of 
tlie  earth. — The  rale  of  motion  at  which  such  vessels  are 
impelled  across  the  Atlantic  may  be  deduced  from  the  fol- 
lowing facts.  The  first  voyage  of  '-he  BrUannia,  which 
sailed  on  the  '1th  July,  1840',  from  Liverpool  to  Halifax,  was 
accomplished  in  12  days,  10  hours;  and  her  return  homeward 
occupied  only  10  days.  The  outward  voyage  of  the  Colum- 
bia,v,h\ch  sailed  from  Liverpool,  May"]9,  1842,  was  per- 
formed in  11  days,  22  hours,  and  her  voyage  home  from  Hali 
fax  in  9  days,"l7  hours.  Her  voyage  from  Boston,  in  the 
United  States,  including  a  stoppage  of  6  hours  at  Halifax  to 
land  and  take  in  passengers  anil  mails,  was  performed  in  11 
days,  6  hours,  from  that  city  to  Liverpool.  Of  28  voyages 
of  the  Acadia,  Britannia,  Caledonia,  and  Columbia,  per- 
faimod  in  the  years  1840, 1841,  and  1842,  between  Liverpool 


Panama  which  connects  North  and  South  Ameri- 
ca, and  the  isthmus  of  Suez,  which  separates  the 
Mediterranean  from  the  Red  sea,  were  cut  into 
wide  and  deep  canals  (which  we  have  no  doubt 
will  be  accomplished  as  soon  as  civilized  nations 
have  access  to  perform  operations  in  these  territo- 
ries), every  country  in  the  world  could  then  be 
reached  from  Europe,  in  nearly  a  direct  line;  or, 
at  most,  by  a  gentle  curve,  instead  of  the  long, 
and  dangerous,  and  ciicuitous  route  wliich  must 
now  be  taken,  in  sailing  for  the  eastern  parts  of 
Asia,  and  the  north-western  shores  of  America. 
By  this  means,  eight  or  nine  thousand  miles  of 
sailing  would  be  saved  in  a  voyage  frTmi  England 
to  Nootka  Sound,  or  tlie  peninsula  of  California; 
and  more  than  six  thousand  miles  in  passing  from 
London  to  Bombay  in  the  East  Indies;  and  few 
places  on  the  east  would  be  farther  distant  from 
each  other  by  water  than  15,000  miles;  wliich 
space  might  be  traversed  at  the  rate  stated  in 
the  preceding  note,  in  a  period  of  about  fifty 
days.* 

But  we  have  reason  to  believe,  that  when  this 
invention, combined  with  other  mechanical  assist- 
ances, shall  approximate  nearer  to  perfection,  a 
much  more  rapid  rate  of  motion  will  be  effected; 
and  the  advantages  of  this,  in  a  religious,  as  well 
as  in  a  commercial  point  of  view,  may  be  easily 
appreciated;  especially  at  the  present  period, 
when  the  Christian  world,  now  aroused  from 
their  slumbers,  have  framed  the  grand  design  of 
sending  a  Bible  to  every  inhabitant  of  the  globe. 
When  the  empire  of  the  Prince  of  Darkness  sliall 
be  shaken  throughout  all  its  dependencies,  and 
the  nations  aroused  to  inquire  after  light,  and 
liberty,  and  divine  knowledge — intelligence  would 
thus  be  rapidly  communicated  over  every  region, 
and  between  the  most  distant  tribes.  "Many 
would  run  to  and  fro,  and  knowledge  would  be 
increased."  The  ambassadors  of  the  Redeemer, 
with  the  Oracles  of  Heaven  in  their  hands,  and 
the  words  of  salvation  in  their  mouths,  would 
quickly  be  transported  to  every  clime,  "  having 
the  everlasting  gospel  to  preach  to  every  nation, 
and  kindred,  and  tongue,  and  people." 

Air  Balloons. — Similar  remarks  may  be  ap- 
plied to  the  invention  of  air  balloons.  We  have 
heard  of  some  pious  people  who  have  mourned 
over  such  inventions,  and  lamented  the  folly  of 
mankind  in  studying  their  construction  and  wit- 
nessing their  exhibition.  Such  dispositions  gene- 
rally proceed  from  a  narrow  range  of  thought  and 
a  contracted  view  of  the  Divine  economy  and  ar- 
rangements in  the  work  of  redemption.  Though 
the  perversity  of  mankind  has  often  applied  useful 
inventions  to  foolish  and  even  to  vicious  purposes, 
yet  this  forms  no  reason  why  such  inventions 
should  be  decried;  otherwise  the  art  of  printing 
and  many  other  useful  arts  might  be  regarded  as 
inimical  to  the  human  race.  We  have  reason  to 
believe  that  air  balloons  may  yet  be  brought  to 
such  perfection  as  to  be  applied  to  purposes  highly 
beneficial  to  the  progress  of  the  human  mind,  and 
subservient,  in  some  degree,  for  effl-cting  the  pur- 
poses of  Providence  in  the  enlightening  and  reno- 


and  Halifax — the  average  time  employed  in  the  passage  i« 
found  to  be  as  follows:  Outward  voyage  to  Halifax  1?.  days, 
6  hours: — Homeward  to  Liverpool  1 1  days,  6  hours.  It  thus 
appears  that  intelligence  may  now  pass  and  repass  between 
Britain  and  the  continent  of  America  in  2?  or  24  days,  or 
little  more  than  3  weeks,  so  that  it  is  possible  a  person  might 
receive  an  answer  to  a  communication  sent  to  Americi  in 
less  than  3><  weeks.  At  this  rate,  1.5,CC0  miles — or  the 
greatest  distance  between  any  two  places  on  the  gmb  by 
water,  might  be  traversed  in  about  50  days. 
*  See  Appendix,  Note  XL 
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ration  of  mankind.  For  this  purpose,  it  is  only 
requisite  that  some  contrivance,  or  chemical  or 
mechanical  principles,  be  suggested,  analogous  to 
the  sails  or  rudder  of  a  ship,  by  which  they  may 
be  moved  in  any  direction,  without  being  directed 
Bolely  by  the  course  of  the  wind;  and  there  can 
be  little  doubt  that  such  a  contrivance  is  possible 
to  be  effected.  It  requires  only  suitable  encour- 
agement to  be  given  to  ingenious  experimental 
philosophers,  and  a  sufficient  sum  of  money  to 
enable  them  to  prosecute  their  experiments  on  an 
xtensive  scale.  To  the  want  of  such  prerequisites 
t  is  chiefly  owing  that  the  hints  on  this  subject, 
Aitherto  suggested,  have  either  failed  of  success  or 
have  never  been  carried  into  execution.  A  more 
Simple  and  expeditious  process  for  filling  balloons 
has  lately  been  effected, — the  use  of  the  parachute, 
by  which  a  person  may  detach  himself  from  the 
balloon,  and  descend  to  the  earth,  has  been  suc- 
cessfully tried, — the  lightning  of  heaven  has  been 
drawn  from  the  clouds,  and  forced  to  act  as  a  me- 
chanical power  in  splitting  immense  stones  to 
pieces, — the  atmosphere  has  been  analyzed  into  its 
component  parts,  and  the  wonderful  properties  of 
the  ingredients  of  which  it  is  composed  exhibited 
in  their  separate  state; — and  why  then  should  we 
consider  it  as  at  all  improbable  that  the  means  of 
producing  a  horizontal  direction  in  aerial  naviga- 
tion may  soon  be  discovered?  Were  this  object 
o;ice  effected,  balloons  might  be  applied  to  the 
purposes  of  surveying  and  exploring  countries 
hitherto  inaccessible,  and  of  conveying  the  mes- 
sengers of  divine  mercy  to  tribes  of  our  fellow- 
men,  whose  existence  is  as  j-et  unknown. 

We  are  certain  that  every  portion  of  the  inhab- 
ited world  must  be  thoroughly  explored,  and  its 
inhabitants  visited,  before  the  salvation  of  God  can 
be  carried  fully  into  eflect;  and  for  the  purpose 
of  such  explorations,  we  must  of  course  resort  to 
the  inventions  of  human  genius  in  art  and  sci- 
ence. Numerous  tribes  of  the  sons  of  Adam  are, 
doubtless,  residing  in  regions  of  the  earth  with 
which  we  have  no  acquaintance,  and  to  which  we 
have  no  access  by  any  of  the  modes  of  convey- 
ance presently  in  use.  More  tlian  one  half  of  the 
interior  parts  of  Africa  and  Asia,  and  even  of 
America,  are  wholly  unknown  to  the  inhabitants  of 
the  civilized  world.  The  vast  regions  of  Chinese 
Tartary,  Thibet,  Siberia,  and  the  adjacent  districts; 
the  greater  portion  of  Africa,  and  the  continent 
of  New  Holland;  the  extensive  isles  of  Borneo, 
Sumatra,  New  Guinea,  and  Japan,  the  territory 
of  the  Amazons,  and  the  internal  parts  of  North 
America,  remain,  for  tlie  most  part,  unknown 
and  unexplored.  The  lofty  and  impassable  ranges 
of  mountains,  and  the  deep  and  rapid  rivers,  which 
intervene  between  us  and  many  of  those  regions, 
together  with  the  savage  and  plundering  hordes 
of  men  and  the  tribes  of  ravenous  beasts  through 
which  the  traveler  must  push  his  way — present 
to  European  adventurers  barriers  which  they  can- 
uot  expect  to  surmount,  by  the  ordinary  modes 
of  conveyance,  for  a  lapse  of  ages.  But,  by  bal- 
loons constructed  with  an  apparatus  for  directing 
their  motions,  all  such  obstructions  would  at  once 
be  surmounted.  The  most  impenetrable  regions, 
now  hemmed  in  by  streams  and  marshes  and  lofty 
mountains,  and  a  barbarous  population,  would  be 
quickly  laid  open;  and  cities  and  nations,  lakes 
and  rivers,  and  fertile  plains,  to  which  we  are  now 
entire  strangers,  would  soon  burst  upon  the  view. 
And  the  very  circumstance  that  the  messengers 
of  j»(iace  and  salvation  descended  upon  such  un- 
known tribes  from  the  region  of  the  clouds,  might 
arouse  their  minds  and  excite  their  attention  and 
regard  to  the  message  of  divine  mercy  which  they 


came  thither  to  proclaim.*  Such  a  scene  (and  it 
may  probably  be  realized)  would  present  a  literal 
fulfillment  of  the  prediction  of  "  angels  Jiying 
through  the  midst  q/'"  the  aerial  "heaven,  having 
the  everlasting  gospel  to  preach  to  them  that 
dwell  u])on  the  earth,  and  to  every  kindred  and 
nation." 

That  the  attention  of  the  philosophical  world 
is  presently  directed  to  this  subject,  ami  that  we 
have  some  prospect  of  the  views  above  suggested 
being  soon  realized,  will  appear  from  the  following 
notice,  which  some  time  ago  made  its  appearance 
in  the  London  scientific  journals: — A  prize  being 
offered  for  the  discovery  of  a  horizontal  direction 
in  aerostation,  M.  Mingreli  of  Bologna,  M.  Pie- 
tripoli  of  Venice,  and  M.  Lcmber  of  Nuremberg, 
have  each  assumed  the  merit  of  resolving  this 
problem.  It  does  not  appear  that  any  one  of  these 
has  come  forward  to  establish,  by  practical  expe- 
riment, the  validity  of  his  claim;  but  a  pamphlet 
has  lately  been  reprinted  in  Paris  (first  printed  at 
Vienna)  on  this  subject,  addressed  to  all  the  learn- 
ed societies  in  Europe.  The  following  passage 
appears  in  the  work:  '"Professor  Robertson  pro- 
poses to  construct  an  aerostatic  machine,  150  feet 
in  diameter,  to  be  capable  of  raising  72,954  kilo* 
grams,  equivalent  to  149,037  lbs.  weight  (French). 
To  be  capable  of  conveying  all  necessaries  for 
the  support  of  sixty  individuals,  scientific  charac- 
ters, to  be  selected  by  the  academicians,  and  the 
aerial  navigations  to  last  for  some  months,  explo- 
ring different  bights  and  climates,  etc.,  in  all  sea- 
sons. If,  from  accident  or  wear,  the  machine, 
elevated  above  the  ocean,  should  fail  in  its  func- 
tions, to  be  furnished  with  a  ship  that  will  insure 
the  return  of  the  aeronauts.'  " 

Of  late  years,  the  attention  of  several  scientific 
gentlemen  has  been  directed  to  the  improvement 
of  aerial  navigation,  and  it  is  the  opinion  of  many 
that  the  problem  of  giving  to  balloons  a  horizontal 
direction  has  been  in  some  measure  solved.  About 
the  year  1837  some  plans  of  this  description  were 
laid  before  a  committee  of  the  Royal  Society,  and 
an  association  was  attempted  to  be  formed  for  ex- 
ploring the  continent  of  Africa  by  means  of  a 
large  balloon  which  was  to  be  constructed  for  this 
special  purpose;  but  after  the  projectors  had  pro- 
ceeded a  certain  length,  the  scheme  was  allowed 
to  drop,  for  want  of  patronage  and  support.     In 


*  In  this  point  of  view,  we  cannot  but  feel  the  most  poi^ 
nant  regret  at  the  conduct  of  the  S^paniards,  after  the  disco 
very  of  America,  toward  the  natives  of  that  country.  When 
those  untutored  people  beheld  the  ships  which  had  conveyed 
Columbus  and  his  associates  from  the  eastern  world,  the 
dresses  and  martial  order  of  his  troops,  and  heard  their  mu- 
sic, and  the  tliunder  of  their  cannon,  they  were  filled  with 
astonishment  and  wonder  at  the  strang-e  objects  presented  to 
their  view;  they  fell  prostrate  at  their  feet,  and  viewed  them 
as  a  superior  race  of  men.  When  Cortez  afterward  entered 
the  territories  of  Mexico,  the  same  sentiments  of  reverence 
and  admiration  seemed  to  pervade  Its  inhabitants.  Had 
pure  Christian  motives  actuated  the  minds  of  these  adven- 
turers, and  had  it  been  their  ruling  desire  to  communicate 
to  those  ignorant  tribes  the  blessings  of  the  Gospel  of  peace, 
and  to  minister  to  their  external  comfort,  the  circumstance 
now  stated  would  have  been  highly  favorable  to  the  success 
of  missionary  exertion,  and  would  have  led  them  to  listen 
with  attention  to  the  message  from  Heaven.  But,  nnfortn- 
nately  for  the  cause  of  relision,  treachery,  lust,  cruelly,  self- 
ishness, and  the  cursed  love  of  gold,  predominated  ovef 
every  other  feeling,  affixed  a  stigma  to  the  Christian  name, 
and  rendered  them  curses  instead  of  blessings,  to  that  newly 
discovered  race  of  men.  It  is  most  earnestly  to  be  wished, 
that,  in  future  expeditions  in  quest  of  unknown  tribes,  a  fevr 
intelligent  and  philanthropic  missionaries  were  appointed  to 
direct  the  adventurers  in  their  moral  conduct  and  inter, 
courses  with  the  people  they  visit,  in  order  ths.t  nothing  in» 
consistent  with  Christian  principle  make  its  appearance. 
The  nniforn\  manifestation  of  Christian  benevolence,  purityj 
and  rectitude,  by  a  superior  race  of  men,  would  win  the  at" 
fections  of  a  rude  people  far  more  eftectually  than  alt  tlifl 
pomp  and  ensigns  of  military  parade. 


AIR  BALLOONS. 


121 


the  j'ear  1840,  Mr.  Green,  the  most  celebrated 
aeronaut  of  modern  times,  who  has  performed 
several  hundreds  of  aerial  voyages,  proposed  mak- 
ing a  voyage  in  a  balloon  from  the  American  to 
the  European  continent,  across  the  Atlantic.  In 
order  to  convince  the  scientific  public  of  the  prac- 
ticability of  his  propelling  or  directing  a  balloon, 
causing  it  to  ascend  or  descend,  without  discharg- 
ing either  gas  or  ballast — and  in  a  tranquil  atmo- 
ephe'-e,  to  move  horizontally  and  in  any  direction 
— he  commenced  a  series  of  important  experi- 
ments, at  the  Polytechnic  Institution,  London, 
which  excited  considerable  attention,  and  created 
a  great  sensation  among  the  curious  in  scientific 
matters.  The  machinery  made  use  of  by  Mr.  G. 
consisted  of  two  propellers  attached  to  a  spindle,  a 
rudder,  a  guide-line,  and  several  appendages.  The 
propeller  appears  to  have  been  somewhat  like  two 
sails  of  a  windmill  which  weret  whirled  round  with 
a  rotatory  motion,  and  which  were  intended  to 
produce  an  effect  both  on  the  horizontal  progress 
of  the  balloon  and  likewise  in  elevating  and  de- 
pressing it.*  The  practicability  of  Mr.  Green's 
plans  appears  to  have  been  admitted  by  many 
scientific  gentlemen;  and  although  he  has  never 
yet  attempted  his  daring  aerial  excursion  across 
tlie  Atlantic,  yet  it  is  well  known  that  he  per- 
formed, along  with  Mr.  Mason,  in  the  great  Nas- 
sau balloon,  an  aerial  voyage  from  England  across 
the  German  sea  to  Weilburg  in  Germany,  one  of 
the  most  daring  and  extensive  voyages  hitherto 
attempted,  and  which  was  accomplished  without 
the  least  danger.  The  possibility  of  an  aerial  ex- 
cursion across  the  Atlantic  may  perhaps  be  ad- 
mitted; but  its  expediency,  in  the  meantime,  may 
justly  be  called  in  question. 

As  the  invention  now  stands,  the  balloon,  under 
the  direction  of  such  an  experienced  aeronaut  as 
Mr.  Green,  might  be  rendered  subservient  to  many 
important  purposes,  particularly  in  taking  a  gene- 
ral survey  of  unknown  countries.  Suppose  a  bal- 
loon, properly  equipped  for  the  purpose,  were  to 
be  elevated  either  on  the  eastern  or  the  western 
shores  of  Africa,  so  as  to  pass  nearly  over  the 
central  parts  of  that  continent, — by  taking  ad- 
vantage of  the  monsoons,  or  trade-winds,  which 
blow  for  a  certain  period  in  the  same  direction — 
the  general  aspect  and  character  of  this  country, 
with  which  we  are  at  present  so  little  acquainted, 
might  be  laid  open  to  view,  at  least  as  to  its  more 
prominent  and  general  features.  The  extent  of 
its  lakes — the  direction  and  magnitude  of  its  rivers 
—the  ranges  of  mountains  with  which  it  is  diver- 
sified— its  deserts,  forests,  and  cultivated  fields — 
the  positions  and  magnitude  of  its  cities — the 
characteristics  of  its  inhabitants,  and  the  probable 
amount  of  population — with  several  other  parti- 
culars— might  all  be  deduced  by  an  intelligent 
aeronaut,  when  passing  across  such  a  country  at 
a  proper  elevation,  beside  having  an  opportunity 
of  performing  a  variety  of  electric,  magnetic,  and 
other  scientific  experiments,  for  enlarging  our 
knowledge  of  the  principles  and  processes  of  na- 
ture. In  the  same  manner  the  Chinese  Empire — 
of  which  we  know  so  little — might  be  extensively 
surveyed,  and  our  knowledge  of  that  interesting 
and  populous  region  of  the  globe  rendered  more 
definite  and  expansive.  In  both  these  cases,  and 
several  others,  the  course  of  the  periodical  winds 
might  be  rendered  subservient  to  the  success  of 
the  enterprise. 


*  The  reader  will  find  an  account  of  Mr.  Green's  experi- 
ments in  the  Poliitechnic  Journal  for  January  and  February, 
1840,  and  likewise  in  the  No.  of  the  Mirror  tor  April,  etc., 
1840,  t  ol.  35,  with  an  Engraving  of  the  proposed  balloon. 


Should  anyone  be  disposed  t)  insinuate,  that 
the  views  now  stated  on  this  subject  are  chimeri- 
cal and  fallacious,  I  beg  leave  to  remind  them, 
that  not  more  than  twenty  years  ago,  the  idea  of 
a  large  vessel,  without  oars  or  sails,  to  be  navi- 
gated against  the  wind  with  the  rapidity  of  twelve 
miles  an  hour,  would  have  been  considered  as 
next  to  an  impossibility,  and  a  mere  fanciful 
scheme,  which  could  never  be  realized.  Yet  we 
now  behold  such  vehicles  transporting  whole 
villages  to  the  places  of  their  destination,  willi  a 
degree  of  ease,  comfort,  and  expedition,  ibrnierly 
unknown,  and  even  crossing  in  safety  the  wide 
Atlantic  ocean.  And  little  more  than  fifty  years 
have  elapsed,  since  it  would  have  been  viewed  as 
still  more  chimerical  to  have  broached  the  idea, 
that  a  machine  might  be  constructed,  by  which 
human  beings  might  ascend  more  than  two  miles 
above  the  surface  of  the  earth,  and  fly  through 
the  region  of  the  clouds  at  the  rate  of  seventy 
miles  an  hour,  carrying  along  with  them  books, 
instruments,  and  provisions.  Yet  both  these 
schemes  have  been  fully  realized,  and,  like  many 
other  inventions  of  the  human  intellect,  are  doubt- 
less intended  to  subserve  some  important  ends  in 
the  economy  of  Divine  Providence.* 


*  Balloons  were  first  constructed  in  the  year  1783,  by 
Messrs.  S.  &  J.  Montgolfier,  paper  manufacturers  a*^An- 
nonay,  in  France.  A  sheep,  a  cock,  and  a  duck,  were  the 
first  animals  ever  carried  up  into  the  air  by  these  vehicles. 
At  the  end  of  their  journey,  they  were  found  perfectly  safe 
and  unhurt,  and  the  sheep  was  even  feeding  at  perfect  ease. 
The  first  human  being  who  ascended  into  the  atmosphere  in 
one  of  those  machines,  was  M.  Pilatre  de  Rozier.  This 
adventurer  ascended  from  amidst  an  astonished  multitude 
assembled  in  a  garden  in  Paris,  on  the  15th  October,  1783, 
in  a  balloon,  whose  diameter  was  48  feet,  and  its  hight 
about  74;  and  remained  suspended  above  the  city  about 
four  hours.  M.  Lunardi,  an  Italian,  soon  after  astonished 
the  people  of  Scotland  and  England,  by  his  aerial  excur- 
sions, Dr.  G.  Gregory  gives  the  following  account  of  his  first 
ascent: — "  I  was  myself  a  spectator  of  the  flight  of  Lunardi, 
and  I  never  was  present  at  a  sight  so  interesting  and  sub- 
lime. The  beauty  of  the  gradual  ascent,  united  with  a  sen- 
timent of  tenor  on  account  of  the  danger  of  the  man,  and 
the  novelty  and  grandeur  of  the  whole  appearance,  are  more 
than  words  can  express.  A  delicate  woman  was  so  over- 
come with  the  spectacle,  that  she  died  upon  the  spot  as  the 
balloon  ascended;  several  fainted;  and  the  silent  admiration 
of  the  anxious  multitude  was  beyond  anything  I  had  ever 
beheld." 

Balloons  have  generally  been  made  of  varnished  silk,  and 
of  the  shape  of  a  globe  or  a  spheroid  (see  fig.  28),  from 
thirty  to  fifty  feet  in  diameter.  They  are  filled  with  hydro- 
gen gas,  which,  as  formerly  stated,  is  from  twelve  to  fifteeu 
times  lighter  than  common  air:  and  they  rise  in  the  atmo- 
sphere on  the  same  principle  as  a  piece  of  cork  ascends  from 

Fig.  28. 


the  bottom  of  a  pail  of  water.  The  aerial  travelers  are  seat- 
ed in  a  basket  below  the  balloon,  which  is  attached  to  it  by 
means  of  cords. — The  Parachute  (see  fig.  29)  is  an  inveu. 
tion,  by  which  the  voyager,  in  cases  of  alarm,  may  bo 
enabled  to  desert  his  balloon  in  mid-air,  and  descend  with 
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Acoustic  Tunnels. — By  means  of  the  inven- 
tions just  now  adverted  to,  when  brought  to  per- 
fection, mankind  may  be  enabled  to  transport 
themselves  to  every  region  of  the  globe,  with  a 
much  greater  degree  of  rapidity  than  has  hitherto 
been  attained.  By  the  help  of  the  microscope,  we 
are  enabled  to  contemplate  the  invisible  worlds  of 
life,  and  by  the  telescope  we  can  penetrate  into 
regions  far  beyond  the  range  of  the  unassisted 
eye.  By  the  arts  of  Writing  and  Printing  we  can 
communicate  our  sentiments,  after  a  certain  lapse 
of  time,  to  every  quarter  of  the  world.  In  the 
progress  of  human  knowledge  and  improvement, 
it  would  obviously  be  of  considerable  importance, 
could  we  extend  the  range  of  the  human  voice,  and 
communicate  intelligence  to  the  distance  of  a 
thousand  miles,  in  the  course  of  two  or  three 
hours;  or  could  we  hold  an  occasional  conversa- 
tion witli  a  friend  at  the  distance  of  twenty  or 
thirty  miles.  From  experiments  which  have 
lately  been  made,  in  reference  to  the  conveyance 
of  sound,  we  have  some  reason  to  believe  that 
Buch  objects  may  not  be  altogether  unattainable. 
It  has  been  long  known  that  wood  is  a  good  con- 
ductor of  sound.     If  a  watch  be  laid  on  the  one 


out  injnry  to  the  ground.  They  resemhle  an  umbrella,  but 
are  of  far  greater  extent.  With  one  of  these  contrivances, 
twenty-three  feet  in  diameter,  M.  Garnerin,  having  detached 
himself  from  his  balloon,  descended  from  a  hight  of  more 
than  4000  feet,  and  landed  without  shock  or  accident. 

The  above  representation  (tig.  28)  exhibits  a  view  of 
Mr.  Green's  balloon,  when  he  ascended  from  St.  James's 
Park,  London,  on  the  occasion  of  the  coronation  of  George 
rV.  The  form  of  the  balloon  was  nearly  of  the  shape  of  a 
pear;  it  was  composed  of  stripes  of  variegated  silk;  and  over 
this  was  thrown  an  envelope  of  net-work,  which,  passing 
down,  served  as  a  support  to  the  car  in  which  the  aeronaut 
was  placed.  It  may  give  the  reader  who  has  never  seen  a 
balloon,  a  general  idea  of  its  form  and  of  the  mode  in  which 
aerial  navigation  is  performed. 


Fig.  29. 


Fig.  30. 


Figs.  29  and  30  represent  the  paracnnte  of  M.  Garnerin, 
tnd  the  apparatus  connected  with  it.  In  fig.  20  is  shown  a 
cylindrical  box,  about  3  feet  in  hight  and  2  in  diameter, 
which  was  attached  by  a  straight  pole,  to  a  truck  or  disc  at 
the  top,  and  from  this  was  suspended  a  large  sheet  of  linen 
somewhat  similar  to  an  umbrella.  M.  Garnerin  stood  in  the 
box,  and  the  form  the  machine  assumed  on  his  descent  is 
shown  in  fig.  29.  When  first  cut  from  the  balloon,  it  descend- 
ed with  great  velocity,  and  those  who  witnessed  its  progress 
considered  his  destruction  inevitable;  but  after  a  few  se- 
conds, the  canvas  opened  and  the  resistance  was  so  great, 
that  the  apparatus  diminished  in  its  speed,  until,  on  its  ar- 
rival near  the  earth,  it  was  not  greater  than  would  have  re- 
tolted  from  leaping  a  hight  of  two  feet. 


end  of  a  long  beam  of  timber,  its  beating  will  be 
distinctly  heard,  on  applying  the  ear  to  the  other 
end,  though  it  could  not  be  heard  at  the  same  dis- 
tance through  the  air.  In  "  Nicholson's  Philo- 
sophical Journal"  for  February  1803,  Mr.  B 
Walker  describes  a  simple  apparatus,  connected 
with  a  speaking  trumpet,  by  means  of  which,  at 
the  distance  of  1"},^  ^^'^^'  ^^  held  a  conversation 
with  another  in  wliispers,  too  low  to  be  heard 
through  the  air  at  that  distance.  When  the  ear 
was  placed  in  a  certain  position,  the  words  were 
lieard  as  if  they  had  been  spoken  by  an  invisible 
being  within  the  trumpet.  And  what  rendered 
the  deception  still  more  pleasing,  the  words  were 
more  distinct,  softer,  and  more  musical,  than  if 
they  had  been  spoken  through  the  air. 

About  the  year  1750,  a  merchant  of  Clevess 
named  Jorissen,  who  had  become  almost  totally 
deaf,  sitting  one  day  near  a  harpsichord  while 
some  one  was  playing,  and  having  a  tobacco-pipe 
in  his  mouth,  the  bowl  of  which  rested  acci- 
dentally against  the  body  of  the  instrument,  he 
was  agreeably  and  unexpectedly  surprised  to  hear 
all  the  notes  in  the  most  distinct  manner.  By  a 
little  reflection  and  practice,  he  again  obtained 
the  use  of  this  valuable  sense:  for  he  soon  learned, 
— by  means  of  a  piece  of  hard  wood,  one  end  of 
which  he  placed  against  his  teeth,  while  another 
person  placed  the  other  end  on  his  teeth, — to  keep 
up  a  conversation,  and  to  be  able  to  understand 
a  Vi^hisper.  In  this  way,  two  perssons  who  have 
stopped  their  ears  may  converse  with  each  other, 
wlien  they  hold  a  long  stick,  or  a  series  of  slicks,  be- 
tween their  teeth,  or  rest  their  teeth  against  thenw 
The  eifect  is  the  same,  if  the  person  who  speaks 
rest  the  stick  against  his  throat  or  his  breast,  or 
when  one  rests  the  stick  which  he  holds  in  his 
teeth  against  some  vessel  into  which  the  other 
speaks;  and  the  effect  will  be  the  greater,  the 
more  the  vessel  is  capable  of  tremulous  motion. 
These  experiments  demonstrate  the  facility  with 
which  the  softest  whispers  may  be  transmitted. 
Water,  too,  is  found  to  be  a  good  conductor  of 
sound.  Dr.  Franklin  assures  us,  that  he  has  heard 
under  water,  at  the  distance  of  half  a  mile,  the 
sound  of  two  stones  struck  against  each  other. 
It  has  also  been  observed,  that  the  velocity  of 
sound  is  much  greater  in  solid  bodies,  than  in  the 
air.  By  a  series  of  experiments,  instituted  for 
the  purpose  of  determining  this  point,  Mr.  Chladni 
found  that  the  velocity  of  sound,  in  certain  solid 
bodies,  is  16  or  17  times  as  great  as  in  air. 

But  what  has  a  more  particular  bearing  on  the 
object  hinted  at  above,  is  the  experiments,  lately 
made  by  M.  Biot,  "  on  the  transmission  of  sound 
tiirooigh  soJid  bodies,  and  through  air,  in  very 
long  tubes."  The.^e  experiments  were  made  by 
means  of  long  cylindrical  pipes,  which  were  con- 
structed for  conduits  and  aqueducts,  to  embellish 
the  city  of  Paris.  With  regard  to  the  velocity  of 
sound,  it  was  ascertained  that  "its  transmission 
througii  cast  iron  is  lOj^o  times  as  quick  as  through 
air.  The  pipes  by  which  he  wished  to  ascertain 
at  what  distance  sounds  are  audible  were  1039 
yards,  or  nearly  five  furlongs  in  length.  M.  Biot 
was  stationed  at  the  one  end  of  this  series  of  pipes, 
and  Mr.  Martin,  a  gentleman  who  assisted  in  the 
experiments',  at  the  other.  They  heard  the  lowest 
voice,  so  as  perfectly  to  distinguish  the  words,  and 
to  keep  up  a  conversation  on  all  the  subjects  of 
the  experiments.  "I  wished,"  says  M.  Biot,  "to 
determine  the  point  at  which  the  human  voice 
ceases  to  be  audible,  but  could  not  accomplish  it: 
words  spoken  as  low  as  when  we  whisper  a  secret 
in  another's  ear  were  heard  and  understood;  so 
that  not  to  be  heard,  there  was  b\it  ono  resource, 
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dial  of  not  speaking  at  all. — This  mode  of  convers- 
ing'witli  an  invisible  neigiibor  is  so  singular,  that 
we  cannot  help  being  surprised,  even  though  ac- 
quainted w  ith  the  cause.  Between  a  question  and 
answer,  the  iuteival  was  not  greater  than  was 
necessary  for  the  transmissionof  sound.  For  Mr. 
Martin  and  I,  at  the  distance  of  1039  yards,  this 
time  was  about  5)o  seconds."  Reports  of  a  pis- 
tol fired  at  one  end  occasioned  a  considerable 
explosion  at  the  other.  The  air  was  driven  out 
of  the  pipe  with  sufficient  force  to  give  the  hand 
a  smart  blow,  to  drive  liglit  substances  out  of  it  to 
the  distance  of  half  a  yard,  and  to  extinguish  a 
candle,  though  it  was  1039  yards  distant  from  the 
place  where  the  pistol  was  fired.  A  detailed  ac- 
count of  these  experiments  may  be  seen  in  Nichol- 
son's Phil.  Jour,  for  October,  1811. — Don  Gautier, 
the  inventor  of  tlie  Telegraph,  suggested  also  the 
method  of  conveying  articulate  sounds  to  a  great 
distance.  He  proposed  to  build  horizontal  tun- 
nels, widening  at  the  remoter  extremity,  and  found 
that,  at  the  distance  of  400  fathoms,  or  nearly  half 
a  mile,  the  ticking  of  a  watch  could  be  heard  far 
better  than  close  to  the  ear.  He  calculated,  that 
a  series  of  such  tunnels  would  convey  a  message 
900  miles  in  an  hour. 

From   the  experiments  now  stated,  it  appears 
highly  probable  that  sounds  may  be  conveyed  to 
an  indefinite  distance.     If  one  man  can  converse 
with  another  at  the  distance  of  nearly  three  quar- 
ters of  a  mile,  bu  means  of  the  softest  whisper,  there 
is  every  reason   to  believe  that  they  could  hold  a 
conversation   at  the  distance   of  30  or  40  miles, 
provi  .ed  the   requisite  tunnels  were  constructed 
for  this  purpose.     The  latter  case  does  not  appear 
more    wonderful    than   the   former.     Were    this 
point  fully  determined  by  experiments  conducted 
on  a  more  extensive  scale,  a  variety  of  interesting 
effects  would  follow,  from  a  practical  application 
of  the  results.     A  person,  at  one  end  of  a  large 
city,  at  an  appointed  hour,  might  communicate  a 
message,  or  hold  a  conversation  with  his  friend,  at 
another;  friends   in  neighboring,  or  even  in  dis- 
tant towns,  might  hold  an  occasional  correspon- 
dence by  articulate  sounds,  and   recognize  each 
other's  identity  by  their  tones  of  voice.     In  the 
case  of  sickness,  accident,  or  death,  intelligence 
could  thus  be  instantly  communicated,  and  the  I 
tender    sympathy    of    friends    immediately    ex- 
changed.    A  clergyman  sitting  in  his  own  room, 
in    Edinburgh,   were   it   at   any  time   expedient, 
might  address  a  congregation  in  Musselburgh  or  i 
Dalkeith,  or  even  in  Glasgow.     He  might  preach 
the  same  sermon  to  his  own  church,  and  the  next 
hour  to  an  assembly  at  forty  miles  distant.     And  j 
surely  there  could  be  no  valid  objection  to  trying 
the  effect  of  an  invisible  preacher  on  a  Christian  { 
audience.      On    similar  principles,  an   apparatus 
might  be  constructed  for  augmenting  the  strength  : 
of  the  human  voice,  so  as  to  make  it  extend  its  ' 
force  to  an  assembled  multitude,  composed  of  fifty 
or  a  hundred  thousand  individuals;  and  the  utility  i 
of  such  a  jjower,  when  the  mass  of  mankind  are  ; 
once  thoroughly  aroused  to  attend  to  rational  and  I 
religious   instruction,  may  be   easily   conceived.  | 
In  short,  intelligence  respecting  every  important 
discovery,  occurrence,  and  event,  might  thus  be 
communicated,    through    the    extent  of  a  whole 
singdom,  within  the  space  of  an  hour  after  it  had 
saken  place. 

Let  none  imagine  that  such  a  project  is  either 
ihimerical  or  impossible.     M.  Blot's  experiment  is 
decisive,  so  far  as  it  goes;  that  the  softest  whisper,  i 
without  any  diminution  of  its  intensity,  may  he  i 
eommunicated    to    the  distance    of   nearly  three 
luartors  of  a  mile;  and  there  is  nothing  but  actual  1 


experiment  wanting  to  convince  us,  that  the  ordi- 
nary tones  of  the  human  voice  may  be  conveyed 
to  at  least  twenty  times  that  distance.  We  are 
just  now  acting  on  a  similar  principle  in  distribu- 
ting illumination  through  large  cities.  Not  above 
40  or  51)  years  ago,  the  idea  of  lighting  our  apart- 
ments by  an  invisible  substance,  produced  at  ten 
miles  distance,  would  have  been  considered  as  chi- 
merical, and  as  impossible  to  be  realized,  as  the  idea 
of  two  persons  conversing  together,  by  articulate 
sounds,  at  such  a  distance.  It  appears  no  more 
wonderful,  that  we  should  be  able  to  hear  at  a  dis- 
tance of  five  or  six  miles,  than  that  we  should  be 
enabled  to  see  objects  at  that  distance  by  the  tele- 
scope, as  distinctly  as  if  we  were  within  a  few 
yards  of  them.  Both  are  the  effects  of  those 
principles  and  laws  which  the  Creator  has  inter- 
woven with  the  system  of  the  material  world:  and 
when  man  has  discovered  the  mode  of  their  ope- 
ration, it  remains  with  himself  to  apply  them  to 
his  necessities.  What  the  telescope  is  to  the  eye, 
acoustic  tunnels  would  be  to  the  ear;  and  thus 
those  senses  on  which  our  improvement  in  knowl- 
edge and  enjoyment  chiefly  depends,  would  be 
gradually  carried  to  the  utmost  perfection  of 
which  our  station  on  earth  will  permit.  And  as 
to  the  expense  of  constructing  such  communica- 
tions of  sound,  the  tenth  p.art  of  the  millions  of 
money  expended  in  the  twenty-one  years'  war  in 
which  we  were  lately  engaged,  would,  in  all  pro- 
bability, be  more  than  sufircient  for  distributing 
them,  in  numerous  ramifications,  through  the 
whole  island  of  Great  Britain.  Even  although 
such  a  project  were  partially  to  fail  of  success,  it 
would  be  a  far  more  honorable  and  useful  national 
undertaking,  than  that  which  now  occupies  the 
attention  of  the  despots  on  the  continent  of  Eu- 
rope, and  might  be  accomplished  Vv'itli  far  less  ex- 
penditure, either  of  blood  or  of  money.  Less 
than  the  fourth  part  of  a  million  of  pounds  would 
be  sufficient  for  trying  an  experiment  of  this 
kind,  on  an  extensive  scale;  and  such  a  sum  is 
considered  as  a  mere  item,  when  fleets  and  armies 
are  to  be  equipped  forcarrying  dcstiuction  through 
sea  and  land.  When  will  the  war-madness  cease 
its  rage!  When  will  men  desist  from  the  work 
of  destruction,  and  employ  their  energies  and 
their  treasures  in  the  cause  of  human  improve- 
ment? The  most  chimerical  projects  that  were 
ever  suggested  by  the  most  enthusiastic  visionary, 
are  not  half  so  ridiculous  and  degrading  to  the 
character  of  man,  as  those  ambitious  and  despotic 
schemes,  in  which  the  powers  of  the  earth  in  all 
ages  have  been  chiefly  engaged. — But  on  this 
topic  it  is  needless  to  enlarge,  until  more  extended 
experiments  shall  have  been  undertaken. 

Electkic  Telegraphs. — The  electric  and  gal- 
vanic powers  have  been  lately  employed  in  trans- 
mitting telegraphic  signals  through  wires  to  any 
assignable  diistance.  More  than  13  years  ago.  Sir 
H.  Davy,  Dr.  Ritchie,  and  several  others,  formed 
the  idea  of  constructing  an  electrical  telegraph; 
and  in  1837,  the  model  of  an  apparatus  for  this 
purpose  was  exhibited  by  Mr.  Alexander  to  the 
Society  of  Arts,  in  Edinburgh.  Professor  Wheat- 
stone,  of  King's  College,  London,  lately  made 
consideralile  improvements  in  the  construction  of 
these  instruments,  particularly  in  the  reduction 
of  the  number  of  wires  requisite  in  such  an  appa- 
ratus.— The  general  principle  on  which  such  an 
operation  is  founded,  is,  that  of  causing  the  gal- 
vanic current  to  deflect  a  needle  poised  on  a  cen- 
ter; and,  by  certain  arrangements,  the  needle  ia 
made  to  point  to  any  letter  on  a  dial  ()late.  Pro- 
fessor Wheatstone's  apparatus  consists  of  two 
small  galvanic  troughs  or  batteries;  four  lengths 
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of  copper  wire;  an  object  resembling  a  brass 
clock,  with  a  small  opening  or  dial  on  the  surface 
sufficient  to  show  a  single  letter  at  a  time;  close 
by  this  an  upright  pivot  of  brass  about  3  inches 
high,  having  a  circular  top  inscribed  with  the 
letters  of  the  alphabet  all  round,  and  from  each 
letter  a  spike  pointing  outward.  The  whole  stands 
on  a  table,  except  the  wires,  which,  being  four 
miles  in  length,  and  warped  in  numberless  convo- 
lutions through  the  vaults  of  the  college,  are  ob- 
servable only  at  their  extremities,  in  connection 
witli  the  apparatus.  The  galvanic  property  gene- 
rated in  the  batteries  is  made  to  proceed  along  the 
wires,  and  in  its  passage  to  affect  the  mechanism 
in  the  apparatus  now  described.  The  letters  can 
be  exposed  at  the  rate  of  two  in  every  second.  A 
gentleman  who  witnessed  its  performance,  says, 
"  A  lady  turning  the  capstan  with  her  finger, 
brought  into  view  the  word  London,  in  the 
time  it  could  be  uttered  letter  by  letter,  although 
the  idea  had  to  travel  through  4  miles  of  wire." 

The  capabilities  of  the  principle  of  this  instru- 
ment have  been  tested  on  the  line  of  the  Great 
Western  Railway.  In  September,  1839,  the  wires 
of  the  electric  telegraph  were  carried  to  Drayton, 
a  distance  of  15  miles  from  London,  and  the  ex- 
periment was  attended  with  complete  success.  To 
such  a  question  as  the  following, — "  How  many 
passengers  started  from  Drayton  by  the  10  o'clock 
train?"  the  answer  could  be  transmitted  from  the 
terminus  to  Drayton  and  back  in  less  than  two 
minutes.  The  wires  of  communication  pass 
through  a  hollow  iron  tube  about  an  inch  and  a 
half  in  diameter,  which  is  fixed  about  6  inches 
above  the  ground,  parallel  with  the  railway,  and 
about  two  or  three  feet  distant  from  it;  and  it  is 
probable  that,  by  this  time,  they  have  been  car- 
ried forward  the  whole  length  of  the  railway, 
which  extends  to  Bristol,  a  distance  of  117  miles. 

In  transmitting  the  electric  influence  through 
wires — however  great  the  distance — the  time  oc- 
cupied in  the  transmission  is  nearly  the  same,  for 
there  is  reason  to  believe  that  it  flies  with  the 
same  velocity  as  light,  whose  rate  of  motion  is 
nearly  two  hundred  thousand  miles  in  a  second. 
Were  wires  extended  from  Britain  to  China,  on 
the  one  hand,  and  to  America,  on  the  other,  intel- 
ligence could  be  transmitted  to  those  regions  in  as 
short  a  time  as  in  conveying  it  across  a  garden  or 
a  large  hall.  It  is  hard  to  say  to  what  extent 
signals  may,  in  point  of  fact,  be  communicated 
in  this  way,  in  the  course  of  the  improvements 
which  are  now  going  forward.  Were  the  nations 
of  Europe  living  in  perfect  amity  and  peace,  and 
in  a  friendly  communication  with  each  other, 
telegraphs  of  this  description  might  be  ramified 
throughout  the  whole  extent  of  the  continent, 
from  north  to  south,  and  from  east  to  west;  and 
the  expense  of  constructing  them  would  be  but  a 
slight  item,  compared  with  the  sums  expended  in 
useless  parade,  in  warfare,  and  in  schemes  of 
folly.  They  might,  at  any  rate,  be  spread  in  dif- 
ferent directions  throughout  the  island  of  Great 
Britain,  or,  at  least  along  the  great  thoroughfares 
leading  toward  the  metropolis;  and  oflices  estab- 
lished at  different  stages  for  communicating  and 
receiving  intelligence — with  prices  affixed  corres- 
ponding to  the  distance  from  which  the  intelligence 
is  conveyed.  It  is  easy  to  see  that  such  a  rapid 
communication  of  intelligence — in  numerous  in- 
stances, which  our  limits  will  not  permit  us  to 
specify — might  be  highly  beneficial  to  the  inter- 
ests of  general  society. 

Thus  it  appears  that  the  same  physical  princi- 
ple or  agent  which  produces  the  forked  and  fire- 
ball lightnings,  and  all  the  dread  phenomena  of  a 


violent  thunder-storm — which  rends  in  pieces  the 
sturdy  oak,  and  strikes  whole  herds  of  cattle  life- 
less to  the  ground — which  displays  its  terrific 
energy  in  the  awful  phenomena  of  volcanoes, 
hurricanes,  and  earthquakes — that  the  .same  agent 
is  now,  by  human  art,  rendered  subservient  to  the 
conveyance  of  swift  intelligence  from  one  place 
to  anotlier,  and  to  many  other  useful  purposes  in 
society — and,  perhaps,  ere  long,  its  destructive 
euer^-ies  may  be  completely  counteracted  by  the 
conliivances  of  human  ingenuity,  when  its  na- 
ture find  properties,  and  its  mode  of  operation, 
shall  i;e  more  completely  unfolded.  And,  it  i3 
not  uiilikely,  as  the  investigations  of  philosophy 
procet'i:,  that  new  principles  jiiay  be  discovered  in 
the  system  of  nature,  more  wonderful  than  any 
that  have  yet  come  within  the  reach  of  our  knowl- 
edge, which  may  both  enlarge  our  views  of  the 
operations  of  the  Creator,  and  be  apjilicable  to 
manifold  beneficial  purposes  in  the  economy  of 
human  societ)^ 

Railways. — The  mode  of  traveling  by  means 
of  railways,  which  has  been  lately  introduced  into 
Great  Britain  and  many  other  countries,  is  an 
improvement  no  less  wonderful  and  beneficial  to 
society  than  that  of  steam  navigation,  and  pro- 
mises to  promote  the  general  intercourse  of  man- 
kind, and  the  conveyance  of  political  and  commer- 
cial intelligence  to  an  extent  and  with  a  velocity 
which  former  ages  could  never  have  anticipatedl 

It  appears  that,  so  early  as  the  year  1676,  coals 
were  carried  from  the  mines  near  Newcastle-npon- 
Tyne  to  the  banks  of  the  river,  by  laying  rails  of 
timber  exactly  straight  and  parallel,  on  which 
large  carts,  with  four  rollers  fitting  the  rails,  and 
drawn  by  horses,  could  convey  at  once  four  or 
five  caldrons  of  coals.  About  a  century  after- 
ward, an  iron  railroad  was  constructed  at  the 
Sheffield  colliery.  But  the  first  railway  resem- 
bling those  now  in  use,  as  a  public  thoroughfare 
for  the  conveyance  of  goods  and  passengers,  was 
the  "  Stockton  and  Darlington  Railway,"  which 
was  completed  only  in  1625,  and  was  the  fir.st 
which  was  attended  with  complete  success.  Seve- 
ral years,  however,  elapsed  before  steam  locomo- 
tive engines  were  adopted.  This  noble  triumph 
of  art,  in  the  swift  conveyance  of  goods  and  pas- 
sengers, was  first  practically  exhibited  at  the 
opening  of  the  "Liverpool  and  I\Ianchester  Rail- 
way," on  the  15th  September,  1830,  when  it  was 
found  that  trains  of  carriages  could  be  conveyed 
at  the  rate  of  25  or  30  miles  an  hour.  Since  this 
period,  railways  have  been  distributed  through- 
out almost  all  the  populous  districts  of  our  counti-y. 

The  rails  on  which  tlie  wheels  of  the  engines 
and  carriages  move  are  all  made  of  iron.  At  first 
it  was  supposed  that  malleable  iron  rails  were  to 
be  prcferrt^i;  but  it  is  now  understood  that  cast- 
iron  rails,  if  properly  made,  will  endure  all  the 
tear  and  wear  to  which  they  are  in  general  sub- 
jected. Each  individual  rail  is  about  12  feet  in 
length,  and  6  inches  in  depth  at  the  two  ends. 
Their  thickness  is  about  one  inch,  and  the  upper 
surface  on  which  the  wheel  is  to  run,  about  two 
inches,  so  as  to  project  laterally  like  the  cross  top 
of  the  letter  T.  They  are  pinned  together  at 
their  extremities,  and  are  supported  at  intervals 
of  every  three  feet.  The  supporters  on  soma 
lines  of  railroad  consist  of  stone  sleepers  sunk 
into  the  ground;  but  it  is  generally  admilted  that 
transverse  bars  of  tcood  sunk  in  the  ground  ar* 
preferable,  as  both  lines  of  rail  are  thus  kept  from 
separating  or  shifting,  and  as  stone  sleepers  pre- 
sent too  unyielding  a  base  to  the  rolling  of  llie 
wheels.  In  order  to  keep  the  wheels  on  the  rails, 
they  are  furnished  with  thin  edges,  which  dip  ot 
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the  outside.  The  wheels  of  the  locomotive  have 
a  diameter  of  about  4  feet;  the  diameter  for  the 
wagon  or  carriage-wheels  is  generally  from  30  to 
36  inches.  The  locomotive  is  now  generally 
placed  upon  six  wheels;  the  front  and  hind  pair 
being  smaller  than  those  in  the  middle;  these 
middle  ones  being  the  wheels  upon  which,  by  the 
BCtion  of  cranks  from  the  engine,  the  whole  mass 
is  propelled.  A  chimney  rises  in  front,  and  a 
standing  place  behind  is  allotted  for  the  engineer, 
who  conducts  and  regulates  the  machine.  The 
barrel-like  object  next  the  engineer  consists  of  a 
furnace  or  fire-box,  and  the  heat  generated  in  it 
by  the  consumption  of  coke,  is  conducted  thence 
through  a  great  number  of  tubes  in  the  cylinder, 
and  finally  escapes  at  the  chimney.  By  means 
of  lever  handles  affecting  the  mechanism,  the  en- 
gineer can  at  pleasure  produce  or  stop  the  motion 
as  effectually  as  a  coach-driver  could  set  off,  or 
arrest  the  progress  of  his  horses.  Immediately 
behind  the  locomotive  is  a  carriage  called  the  ten- 
der, which  is  loaded  with  fuel,  and  has  a  tank 
round  its  sides  containing  water.  The  weight  of 
a  locomotive,  supplied  with  its  proper  quantity 
of  water  and  fuel,  is  about  12  tons.     When  filled 


with  water  and  fuel,  the  tender  weighs  about  7 
tons;  it  can  carry  700  gallons  of  water,  and  eight 
hundred  weight  of  coke — which  will  form  a  sup- 
ply for  a  trip  of  30  or  40  miles. 

The  expenses  incurred  in  the  construction  and 
management  of  railways  are  very  considerable. — 
All  inequalities  of  surface  in  the  line  proposed 
must  be  removed — low  parts  filled  up  by  embank- 
ments— high  parts  reduced — eminences  which  it 
would  be  impossible  or  too  expensive  to  level, 
must  be  perforated  by  tunnels,  and  over  dells  and 
rivers  viaducts  require  to  be  thrown,  consisting,  in 
some  cases,  of  numerous  arches.  Beside,  a  pre- 
vious survey  must  be  made — the  land  over  U'hlch 
it  is  to  pass  must  be  purchased  sometimes  at  an 
exorbitant  price — an  act  of  parliament  must  bo 
procured — and  various  petty  and  vexatious  oppo- 
sitions, arising  from  the  avarice  and  obstinacy  of 
landed  proprietors,  must  be  overcome,  which  not 
unfrequently  add  to  all  the  other  expenses.  It  haa 
been  estimated  that,  at  an  average,  £30,000  per 
mile  may  be  considered  as  a  moderate  outlay  in 
the  construction  of  railways  throughout  most 
parts  of  Great  Britain.  The  London  and  Bir- 
mingham railway — a  line  extending  112  miles — 


cost  much  more;  its  whole  expsiise  amounted  to 
eeveral  millions  of  pounds.  The  least  expensive 
railway  we  have  yet  heard  of,  is  that  between 
Dundee  and  Arbroath,  the  average  expense  of 
which  per  mile  is  estimated  not  to  exceed  £8000. 
The  cost  of  a  locomotive  is  about  £1700,  and  it 
eeldom  wears  longer  than  two  years  without  un- 
dergoing an  extensive  repair.  Ordinary  locomo- 
tives evaporate  77  cubic  feet  of  water  per  hour; 
those  on  the  Great  Western  railway  about  200 
cubic  feet.  The  evaporation  of  one  cubic  foot 
per  hour  produces  a  mechanical  force  of  nearly  2 
horse  pow^s-;  consequently  we  may  ascertain  the 
power  of  a  locomotive  by  multiplying  by  2  the 
number  of  cubic  feet  which  it  evaporates  in  an 
hour.  An  ordinary  sized  locomotive  exerts  a 
power  of  150  horses;  a  horse  upon  a  common 
road  cannot  draw  for  any  length  of  time  more 
than  15  hundred  weight,  while  on  a  railway  it 
will  pull  with  equal  ease  ten  tons,  which  is  thir- 
teen times  the  amount;  and  therefore  the  power 
of  a  locomotive  such  as  is  usually  employed,  is 
equal  to  a  draught  of  1462  tons. 

The  railways  in  most  parts  of  Britain  consist 
of  two  tracks,  suitable  for  trains  going  in  opposite 
directions;  in  America,  Belgium,  and  other  places, 
they  consist  generally  of  but  one  track.  On 
most  of  the  lines  there  are  slow  trains  for  goods 
and  2d  class  passengers — -fast  trains,  taking  only 
1st  and  2d  class  carriages — some  lines  have  mail 
trains  which  proceed  at  more  than  usual  speed, 
and  stop  at  fewer  places  by  the  way.  The  1st 
class  carriages  are  covered — the  2d  class  carriages 
are  open  at  the  sides — and  the  3d  class  carriages 
are  entirely  open,  in  some  of  vv^hich  the  passen- 
gers are  obliged  to  stand  during  the  journey, 
arising  from  a  principle  of  avarice  in  the  propri- 
etors, and  a  foolish  design  of  compelling,  if  possi- 
ble, the  lower  classes  to  select  the  1st  and  2d  class 
carriages.  The  carriages  for  goods  are  open  on 
trucks,  on  which  the  articles  are  piled;  and  for 
cattle  there  are  open  trucks  with  a  railing  round 
the  sides.  All  the  carriages  in  a  train — amount- 
ing in  some  cases  to  twenty  or  thirty — are  linked 


one  to  the  other  by  strong  iron  hooks,  and  to  pre- 
vent them  from  shocks  against  each  other,  the 
various  carriages  are  provided  with  projecting 
rods  on  springs  cushioned  at  the  outer  extremi- 
ties. From  one  hundred  to  a  thousand  passengers 
are  thus  conveyed,  at  one  time,  from  one  city  or 
town  to  another;  and  it  is  a  universal  rule  that 
no  servant  or  officer  shall  on  any  account  take  a 
fee  from  passengers,  on  pain  of  instant  dismissal. 
About  50  railways  have  been  completed  in  the 
United  Kingdom  of  Great  Britain  up  to  1S42.— 
The  following  are  some  of  the  principal  lines — in 
England — The  Liverpool  and  Manchester  Rail- 
way, 32  miles  in  length,  which  cost  £46,000  per 
mile;  the  London  and  Birmingham  Railway,  112}-^ 
miles  long,  connecting  (he  metropolis  with  the 
center  of  England,  in  which  are  several  long  and 
expensive  tunnels,  and  which  cost  above  £50,000 
per  mile;  the  Grand  Junction  Railway,  79  miles  in 
length,  connecting  the  Loncl^on  and  Birmingham 
line  to  that  of  Liverpool  and  Manchester,  and 
also  to  a  railway  proceeding  northward  to  Lan- 
caster, which  cost  £21,859  per  mile,  forming  an 
important  thoroughfare  obliquely  across  the  coun- 
tr)';  the  Manchester  and  Leeds  Railway,  50  miles 
in" length;  (he  Midland  Counties,  North  Midland 
and  Great  North  of  England  railways,  connect- 
ing the  great  seat-s  of  trade  in  Northumberland, 
Durham,  Yorkshire,  and  Derbyshire,  with  the 
London  and  Birmingham  line;  the  Nev/castle  and 
Carlisle  Railway,  61  m.iles  long;  the  Great  Wes- 
tern Railway,  117  miles  long;  which  cost  £53,241 
per  mile,  and  which  connects  London  with  Bris- 
tol and  with  smaller  tributary  lines  opening  up 
the  west  of  England;  the  South-Western  Rail- 
way, 77  miles  long,  connecting  London  with 
Southampton. —  The  principal  lines  of  railway 
in  Scotland  are — The  Edinburgh  and  Glasgow 
Railway,  about  46  miles  long,  on  which  are  seve- 
ral beautiful  and  extensive  viaducts,  which  was 
opened  in  ttie  beginning  of  1842;  the  Glasgow 
and  Ayr  Railway,  about  40  miles  long;  the  Glas- 
gow, Paisley,  and  Greenock,  22}o  miles  long;  the 
Dundee,   Newtyle,  and   Cupar-Angus  railways. 
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about  17  miles  long;  the  Dundee  and  Arbroath 
Railway,  17  miles  in  length;  and  the  Arbroath 
and  Forfar  Railway,  15  miies  long.  Beside  these, 
several  others  are  projected,  to  connect  Edinburgh 
and  Newcastle,  on  the  one  hand,  and  with  Dun- 
dee, Montrose,  and  Aberdeen,  on  the  other.  And 
we  trust  the  period  is  not  far  distant,  when  every 
part  of  our  country  shall  be  intersected  with  these 
cheap  and  expeditious  modes  of  conveyance. — 
The  most  prosperous  of  all  the  lines  is  that  of  the 
London  and  Birmingham,  the  weekly  revenue  of 
which  is  upward  of  j£l 6,000;  the  weekly  revenue 
of  the  Grand  Junction,  which  joins  it,  is  £900. — 
In  the  "Hallway  Magazine,"  July,  1842,  the  fol- 
lowing calculation  is  given  of  a  late  weekly 
return  of  40  railways,  1431  miles  in  lengtli. — 
"Number  of  passengers  on  25  railways,  289,819; 
consequently  the  total  for  the  week,  on  tlie  whole, 
must  be  about  400,000.  The  receipts  for  passen- 
gers on  39  railways,  £74,938  15s.  6!.s(/.;  ditto  for 
goods  on  33  railways,  £17,826  4s.  7i.2(i.;  total, 
£92,765  Os.  ly^d.  This  is  an  average  of  £64  Os. 
^^rf.  per  mile,  per  week.  The  traffic,  therefore, 
is  at  the  rate  of  about  four  millions  a  year,  and 
carrying  fifteen  millions  of  passengers."* 

The  velocity  with  which  railway  trains  gene- 
rally proceed,  is  from  20  to  25  miles  per  hour; 
but  on  some  of  the  English  railways  it  is  much 
more  rapid.  The  lines  upon  which  the  trains  tra- 
vel with  the  greatest  speed  are  as  follows: — Ave- 
rage speed  exclusive  of  stoppages — Northern  and 
Eastern  Railway  36  miles  per  hour;  Great  Wes- 
tern Railway  33;  London  and  Brii/kfon  30;  New- 
castle and  North  Shields  30;  Midland  Counties  29; 
Northland  29;  London  and  Binningham  27; — At 
the  ordinary  rate  of  speed,  a  journey  from  Lon- 
don to  Liverpool  by  the  mail  train — a  distance  of 
about  210  miles — is  performed  in  about  9  hours; 
and  when  railways  shall  be  extended  from  the 
South  to  Edinburgh,  tlie  journey  from  that  city 
to  London  may  be  accomplished  in  less  than  18 
hours;  so  that  a  person  may  leave  Edinburgh  at  6 
in  the  morning,  and  take  supper  in  London  the 
same  evening  —  a  journey  which  not  long  ago, 
occupied  nearly  a  fortnight. 

Traveling  on  railways  is  on  the  whole  attend- 
ed with  less  danger  than  in  stage-coaches  or  any 
other  mode  of  conveyance.  The  personal  injuries 
and  loss  of  life,  which  have  occurred  chiefly  on 
the  English  railways,  are,  without  almost  an  ex- 
ception, to  be  attributed,  either  to  the  ignorance 
and  carelessness  of  the  engine  drivers,  or  to  the 
imprudence  and  recklessness  of  those  who  have 
been  the  victims  of  accidents.  Were  men  of  su- 
perior intelligence  and  prudence  always  employed 
to  direct  the  motions  of  the  trains,  and  were  the 
public  at  large  to  attend  to  the  restrictions  and 
regulations  prescribed  in  reference  to  railways, 
almost  every  accident  might  be  prevented.  On 
the  Dundee  and  Arbroath  Railway,  which  has 
been  in  operation  for  four  years,  scarcely  an  acci- 
dent has  ever  occurred  to  any  of  the  passengers, 
and  those  few  which  have  happened  on  that  line 
were  entirely  owing  to  the  folly  and  imprudence 
of  those  who  were  the  victims. 

The  utility  of  Railway  communication,  when 
properly  conducted,  must  be  obvious  to  all.  In  a 
commercial  country,  such  as  ours,  the  rapid  con- 
veyance of  goods  of  all  descriptions  from  one  town 
to  another,  is  an  object  of  peculiar  importance. 
Even  in  agricultural  districts,  the  formation  of 


•  The  number  of  passengers  booked  for  Edinbtirsh,  at  the 
teveral  stations,  on  ihe  Edinburgh  and  Glasgow  Railway,  on 
the  9th  of  August,  1842— the  day  of  the  Highland  Society's 
•xhibition — amounted  to  4bb3. 


railroads  has  enabled  the  landed  proprietor  to  bring 
to  a  high  state  of  cultivation  exten.sive  districts  of 
land  which  would  otherwise  have  remained  barren 
and  useless.  But  such  advantages  are  us  nothing, 
when  compared  with  the  increased  diftVision  of 
useful  knowledge  which  must  follow  from  a  cheap 
and  rapid  conveyance  over  the  British  Empire, 
and  over  all  those  countries  that  have  adopted 
similar  modes  of  communication  and  transport. — 
Man  is  thus  brought  into  juxta-position  with  his 
fellow-men;  time  and  space  are  shortened,  and 
cities  a  hundred  miles  distant  may  be  considered 
as  nearly  adjacent,  since  they  can  be  reached  in 
the  course  of  three  or  four  hours.  Friends,  re- 
latives, and  correspondents  can  thus  visit  each 
other  though  at  a  distance,  without  much  loss  of 
time  or  money — communicate  information,  and 
interchange  "brotherly  kindness  and  affection." 
During  the  summer  months,  those  confined  in 
towns  have  an  opportunity  of  taking  excursions 
into  the  country  for  health  and  recreation,  with- 
out any  serious  interference  with  tlie  demands  of 
business.  Letters,  newspapers,  and  periodicals  of 
all  descriptions,  can  be  conveyed  with  a  speed 
which,  formerly,  could  neither  have  been  effected 
nor  anticipated.  In  certain  cases,  a  letter  may  be 
written,  sent  through  the  Post-office,  and  delivered 
at  the  distance  of  20  tniies,  in  the  course  of  a 
single  hour.  From  Liverpool  a  letter  maj^  be  dis- 
patched to  London,  a  distance  of  more  than  200 
miles,  and  an  answer  received  in  the  course  of  the 
same  day.  As  ignorance,  superstition,  and  foolish 
prejudices,  are  the  companions  of  those  who  live 
in  retired  districts,  and  seldom  go  beyond  tlie 
view  of  the  smoke  of  their  father's  chimney — 
so,  when  the  great  body  of  our  fellow-men  have 
an  opportunity  of  taking  extensive  excursions 
through  the  country,  we  may  expect  that  their 
minds  will  be  expanded,  their  conceptions  en- 
larged, and  their  views  of  nature  and  human 
society  rendered  more  definite  and  extensive,  so 
that  they  shall  be  enabled  to  take  in  ideas  and 
portions  of  knowledge  of  which  they  were  former- 
ly ignorant.  "Many  shall  run  to  and  fro,  and 
knowledge  shall  be  increased."  Beside,  the  fre- 
quent intercour.se  of  man  with  his  fellow-men  of 
every  grade  has  a  natural  tendency  to  promote 
friendship,  esteem,  and  mutual  affection.  Civili- 
zation can  alone  be  promoted  by  the  frequent  so- 
cial intercourse  of  human  beings;  and  wherever 
this  intercourse  exists,  reciprocal  benefits  will 
always  ensue;  and  such  an  intercourse  among 
all  ranks  is  now  facilitated  and  promoted  by  tlw 
invention  and  formation  of  railways. 

It  is  likewise  obvious  that  Christianity  and  th« 
Christian  virtues  may,  by  such  improvements  in 
traveling,  be  promoted  and  extended.  "  As  in 
water  face  answereth  to  face,  so  doth  the  heart  of 
man  to  man."  In  communicating  religious  in- 
struction, admonition,  and  reproof,  or  in  adminis- 
tering comfort  under  affliction,  in  most  instance^ 
the  presence  and  countenance  of  a  friend,  and  tho 
living  voice — breathing  "  words  that  burn,"  and 
which  soothe  or  pierce  the  heart — generally  pro- 
duce a  deeper  and  more  permanent  impression, 
where  personal  intercourse  is  obtained,  than  the 
same  sentiments  communicated  by  letter.  "Foi 
as  iron  sharpeneth  iron,  so  a  man  shurpeneth  the 
countenance  of  his  friend."  We  can  also  conceive 
many  cases  in  which  the  labors  of  a  minister  of 
religion,  and  of  a  Christian  missionary,  may  ba 
greatly  facilitated  and  rendered  successful  by  a 
rapid  conveyance  from  one  place  to  another,  and 
where  missionary  and  other  philanthropic  associiv- 
tions  would  be  more  numerously  attended  and 
patronized  by  Christians  having  a  cheap  and  ox- 
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peditious  conveyance  to  the  places  in  which  they 
are  held.  In  short,  were  such  modes  of  traveling 
introduced  into  every  country,  we  should  quickly 
hear  of  what  is  passing  in  all  parts  of  the  world, 
and  learn  the  aspect  of  the  Divine  dispensations 
toward  all  nations;  we  should  le.arn,  without  loss 
of  time,  the  result  of  all  the  missionaVy  enterprises 
which  have  been  undertaken  for  the  conversion 
and  renovation  of  the  heathen  world,  and  be  in 
readiness  to  send  forth,  by  a  speedy  course,  other 
missionaries  wherever  they  were  wanted,  to  spread 
abroad  the  fame  of  tlie  Redeemer,  and  the  know- 
ledge of  that  Revelation  which  points  out  the  way 
to  a  blessed  immortality. 

In  the  preceding  sketches  I  have  presented  a 
few  specimens  of  the  relation  which  the  inven- 
tions of  human  ingenuity  bear  to  religious  objects. 
I  intended  to  have  traced  the  same  relation  in 
several  other  instances:  in  the  invention  of  the 
electrical  machine,  the  air-pump,  mills,  clocks, 
and  watches,  gas-lights,  chemical  fumigations, 
inventions  for  enabling  us  to  walk  upon  the  w'ater, 
to  prevent  and  alleviate  the  dangers  of  shipwreck, 
etc.  But  as  my  prescribed  limits  will  not  permit 
further  enlargement,  I  trust  that  what  has  been 
already  stated  will  be  sufhcient  to  establish  and 
illustrate  my  general  position.  From  this  subject 
we  may  learn  f — 

1.  That  the  various  processes  of  art,  and  the 
exertions  of  human  ingenuity,  are  under  the  spe- 
cial direction  of  Him  who  arranges  all  things 
"according  to  the  counsel  of  his  will."  As  "the 
king's  heart  is  in  the  liand  of  the  Lord,  and  as 
tiie  .rivers  of  waters  he  turns  it  whithersoever  he 
pleases,"  so  all  the  varied  schemes  and  move- 
ments of  the  human  mind,  the  discoveries  of 
science,  and  the  diversified  experiments  of  me- 
chanics, chemists,  and  philosophers,  are  directed 
in  such  channels  as  may  issue  in  the  accomplish- 
ment of  His  eternal  purposes,  in  respect  to  the 
present  and  future  condition  of  the  inhabitants  of 
our  world.  This  truth  is  also  plainly  taught  us 
in  the  records  of  Inspiration.  "Doth  the  plow- 
man plow  all  day  to  sow?  Doth  he  open  and 
break  the  clods  of  his  ground?  When  he  hath 
made  plain  the  face  thereof,  doth  he  not  cast 
abroad  the  vetches,  and  scatter  the  cummin,*  and 
cast  in  the  wheat  in  the  principal  [place],  and  the 
barley  in  the  appointed  place,  and  the  rj'e  in  its 
proper  place?  For  his  God  doth  instruct  him  to 
discretion,  and  doth  teach  him.  This  also  cometh 
forth  from  the  Lord  of  hosts,  who  is  wonderful  in 
counsel,  and  excellent  in  working."  Agricul- 
ture has,  by  most  nations,  been  attributed  to  the 
suggestions  of  Deity;  for  "every  good  and  perfect 
gift  cometh  down  from  the  Father  of  lights."  It 
is  he  who  hath  taught  men  to  dig  from  the  bowels 
of  the  earth,  iron,  copper,  lead,  silver,  and  gold, 
and  to  apply  them  to  useful  purposes  in  social  life, 
and  who  hath  givrn  them  "wisdom  and  under- 
standing" to  apply  the  animal  and  vegetable  pro- 
ductions of  nature  to  the  manufacture  of  cloths, 
linen,  muslin,  and  silk,  for  the  use  and  the  orna- 
ment of  man.  For  "all  things  are  of  God." 
"  Both  riches  and  honor  come  from  him,  and  he 
reigneth  over  all,  and  in  his  hand  is  power  and 
might,  and  in  his  hand  it  is  to  make  great,  and 
to  give  strength  to  all."  When  the  frame  of  the 
Mosaic  Tabernacle  and  all  Its  curious  vessels  were 
to  be  constructed,  the  mind  of  Bezuleel  "  was  fill- 
ed with  the  Spirit  of  God,  in  wisdom  and  under- 
standing, and  in  knowledge,  and  in  all  manner  of 


*  Ketches  is  a  kind  of  seed  frequently  sown  in  Judea,  for 
the  use  of  cattle;  and  cummin  is  the  seed  of  a  jilant  some- 
what like  fennel. 


workmanship,  to  devise  curious  works  in  gold, 
and  in  silver,  and  in  brass."  And  when  the  fabric 
of  the  New  Testament  Church  is  to  be  reared, 
and  its  boundaries  extend3d,  artificers  of  every 
description,  adequate  for  carrying  on  the  different 
parts  of  the  work,  are  raised  uj),  and  inspired  with 
the  spirit  of  their  respective  departments — some 
with  the  spirit  of  writing,  printing,  and  publish- 
ing; some  with  the  spirit  of  preaching,  lecturing, 
and  catechising;  some  with  the  spirit  of  fortitude, 
to  make  bold  and  daring  adventures  into  distant 
barbarous  climes;  and  others  with  the  spirit  of 
literature,  of  science,  and  of  the  mechanical  arts 
— all  acting  as  pioneers  "  to  prepare  the  way  of 
the  Lord,"  and  as  builders  for  carrying  forward 
and  completing  the  fabric  of  the  Christian 
Church. 

2.  All  the  mechanical  contrivances  to  which  I 
have  adverted,  all  the  discoveries  of  science,  and 
all  the  useful  inventions  of  genius  which  may 
hereafter  be  exhibited,  ought  to  be  viewed  as  pre- 
paring the  way  for  the  millennial  era  of  the 
church,  and  as  having  a  certain  tendency  to  the 
melioration  of  the  external  condition  of  mankind 
during  its  continuance.  We  are  certain,  from  the 
very  nature  of  things,  as  well  as  from  scriptural 
prediction,  that,  when  this  period  advances  toward 
the  summit  of  its  glory,  the  external  circum- 
stances of  this  world's  population  will  be  comfort- 
able, prosperous,  and  greatly  meliorated,  beyond 
what  they  have  ever  been  in  the  days  that  are 
past — "  Then  shall  the  earth  yield  her  increase, 
and  God,  even  our  own  God,  shall  bless  us." 
"  Then  shall  he  give  the  rain  of  thy  seed,  that 
thou  sbalt  sow  the  ground  withal;  and  bread  of 
the  increase  of  the  earth,  and  it  shall  be  fat  and 
plenteous:  in  that  day  shall  thy  cattle  feed  in 
large  pastures.  The  oxen  likewise,  and  the  young 
asses  that  ear  the  ground,  shall  eat  savory  pro- 
vender, which  hath  been  winnowed  with  a  shovel 
and  with  the  fan."  "And  the  inhabitant  shcdl 
not  say,  I  am  sick."  "  They  shall  build  houses 
and  inhabit  them;  and  they  shall  plant  vineyards, 
and  eat  the  fruit  of  them.  They  shall  not  build, 
and  another  inhabit;  they  shall  not  plant,  and 
another  eat:  for  as  the  days  of  a  tree  are  the  days 
of  my  people,  and  mine  elect  shall  long  enjoy  the 
work  of  their  hands.  They  shall  not  labor  in 
vain,  nor  bring  forth  for  trouble;  for  they  are  the 
seed  of  the  blesspd  of  the  Lord,  and  their  oflTspring 
with  them."  "  The  seed  shall  be  prosperous;  the 
vine  shall  give  her  fruit,  and  the  ground  shall  give 
her  increase,  and  the  heavens  shall  give  their 
dew."  "  The  evil  beasts  shall  cease  out  of  the 
land:  and  they  shall  sit  every  man  under  his  vine, 
and  under  his  fig-tree;  and  none  shall  make  him 
afraid."  "  For  wars  shall  cease  to  the  ends  of  the 
world;  and  the  knowledge  of  the  Lord  shall  cover 
the  earth,  as  the  waters  cover  the  sea."*  Dis- 
eases will  be,  in  a  great  measure,  banished  from 
the  world,  and  the  life  of  man  extended  far  be- 
yond its  present  duration — agriculture  will  be 
brought  to  perfection — commodious  habitations 
erected  for  the  comfortable  accommodation  of  all 
ranks — cities  built  on  elegant  and  spacious  plans, 
adapted  to  health,  ornament  and  pleasure;  divested 
of  all  the  filth,  and  darkness  and  gloom,  and  nar 
row  lanes,  which  now  disgrace  the  abodes  of  mem 
— roads  will  be  constructed  on  improved  princi- 
ples, with  comfortable  means  of  retreat  for  shelter 
and  accommodation  at  all  seasons;  and  convey- 
ances invented  for  the  ease,  and  safety,  and  rapid 
conveyance   of  persons  and   property  from   one 


•  Psalm  Ixvii.  6;  Isaiah,  xxx.  23, 24:  xxxiii.  24;  bet.  21-23J 

Zech.,  viii.  12;  ftlicah,  iv.  4,  etc. 
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place  to  anotlier.  Either  the  climates  of  the  eartli 
will  be  meliorated  by  the  viniversal  cultivation  of 
the  soil,  so  that  storms  and  tempests,  thunders 
and  lightnings,  shall  no  longer  produce  their  pre- 
sent ravages;  or  chemical  and  mechanical  contri- 
vances will  be  invented  to  ward  off  their  destruc- 
tive effects.  The  landscape  of  the  earth  will  bo 
adorned  with  vegetable  and  architectural  beauty; 
and,  instead  of  horse-racing,  demoralizing  plays, 
routs  and  masquerades,  boxing  and  bull-fights — 
artificial  displays  of  scenery  will  be  exhibited, 
more  congenial  to  the  dignity  of  rational,  reno- 
vated, and  immortal  minds.  For  "  the  knowledge 
of  the  Lord,"  and  the  "beauties  of  holiness,"  will 
pervade  men  of  all  ranks  and  ages,  "  from  the 
least  even  to  the  greatest."* 

Now,  as  we  have  no  reason  to  expect  any  mira- 
culous interference,  we  must  regard  the  past  and 
the  future  useful  inventions  of  philosophy  and 
mechanics,  as  having  a  bearing  on  this  glorious 
period,  and  a  tendency  to  promote  the  improve- 
ment and  the  felicity  of  those  who  shall  live 
during  this  era  of  Messiah's  reign.  If  diseases 
are  to  be  generally  abolished,  it  will  be  owing  to 
the  researches  of  the  scientific  physician  in  dis- 
covering certain  antidotes  against  every  disorder, 
and  to  the  practice  of  temperance,  meekness, 
equanimity,  and  every  other  mean  of  preserving 
the  vigor  of  the  animal  frame.  For  vicious  pas- 
sions and  pursuits  are  the  source  of  numerous 
disorders  which,  along  with  the  anxieties,  per- 
plexities, and  remorse  which  accompany  them, 
gradually  prey  upon  the  human  frame,  and  cut 
short  the  period  of  human  existence — while  the 
regular  exercise  of  faith,  love,  hope,  joy,  and 
other  Christian  graces  have  an  evident  tendency 
to  promote  both  health  and  longevity.  If  the 
earth  is  to  produce  its  treasures  in  abundance, 
and  with  little  labor,  it  will  be  owing  in  part  to 
the  improvement  of  agricultural  science,  and  of 
the  instruments  by  which  its  operations  are  con- 
ducted. If  the  lightnings  of  heaven  shall  no 
longer  prove  destructive  to  man  and  to  the  labors 


of  his  hands,  it  will  be  effected  either  by  machi 
nery  for  drawing  off  the  electricity  of  a  storm) 
cloud,  or  by  the  invention  of  ihitvder-avards, 
which  shall  afford  a  complete  protection  from  its 
ravages.  In  these,  and  numerous  other  instances, 
the  inventions  of  men,  under  the  guidance  of  tli« 
Spirit  of  Wisdom,  will  have  a  tendency  to  remove 
a  great  part  of  the  curse  which  has  so  long  hung 
over  our  sinful  world.  And  since  the  inventions 
of  hum;ui  skill  and  ingenuity  fur  the  melioration 
of  mankind,  and  for  the  swift  conveyance  of  in- 
telligence, have  of  late  years  been  rapidly  increas- 
ing, at  Ikn  same  i'aru:  when  the  Christian  world  is 
rousted  to  increased  exertions  in  disseminating  the 
Scriptures  throughout  all  lands,  when  general 
knowledge  is  increasingly  diffused,  and  when  the 
fabric  of  Superstition  and  Despotism  is  shaking 
to  its  foundations, — these  combined  and  simulta- 
I  neous  movements  seem  plainly  to  indicate,  that 
that  auspicious  era  is  fast  hastening  on,  when 
"the  glory  of  Jehovah  shall  be  revealed,  and  all 
flesh  shall  see  it  together,"  when  "  righteousness 
pnd  praise  shall  spring  forth  before  all  nations," 
and  when  "  Holiness  to  the  lord,"  shall  be  in- 
scribed on  all  the  pursuits,  and  implements,  and 
employments  of  men.     " 

Lastly,  If  the  remarks  suggested  above  be  well- 
founded,  we  may  conclude,  that  the  mechanical 
and  philosopliical  inventions  of  genius  are  worthy 
of  the  attentive  consideration  of  the  enlightened 
Christian,  particularly  in  the  relation  they  may 
have  to  the  accomplishment  of  religious  objects. 
He  should  contemplate  the  experiments  of  scien- 
tific men,  not  as  a  waste  of  time,  or  the  mere 
gratification  of  an  idle  curiosity,  but  as  embody- 
ing the  germs  of  those  improvements  by  which 
civilization,  domestic  comfort,  knowledge,  and 
moral  principle,  may  be  diffused  among  the  na- 
tions. To  view  such  objects  with  apathy  and 
indifference,  as  beneath  the  regard  of  a  religioug 
character,  argues  a  weak  and  limited  understand- 
ing, and  a  contracted  view  of  the  grand  operationt 
of  a  superintending  Providence. 


C  H  A  PT  E  R    I  V. 

SCRIPTURAL  DOCTRINES  AND  FACTS   ILLUSTRATED  FROM  THE  SYSTEM  OF 

NATURE.* 


WiTHOtrr  spending  time  in  any  introductory 
observations  on  this  subject,  it  may  be  remarked 
in  general, 

L — That  Scientific  Knoivledge,  or  an  acquaintance 
with  the  Systein  of  Nature,  may  frequently  serve 
as  a  guide  to  the  true  interpretation  of  Scripture. 

It  may  be  laid  down  as  a  universal  principle, 
that  there  can  be  no  real  discrepancy  between  a 


*  The  various  circumstances  above  stated,  may  be  consi- 
dered as  the  natural  results  of  a  state  of  society  on  which 
file  liglit  of  science  and  of  revelation  has  diffiised  its  full  in- 
fluence, and  where  the  active  powers  of  the  human  mind  are 
invari^ihly  directed  by  the  pure  principles  and  precepts  of 
Christianity.  That  the  duration  of  human  lile,  at  the  era 
referred  to,  will  be  extended  beyond  its  present  boundary, 
appears  to  be  intimated  in  some  of  the  passages  above 
quoted,  particularly  the  following:— ".^v?  the  days  of  a  tree 
thall  lit  the  days  of  my  people,  and  mine  elect  shall  long 
enjoy  the  work  of  their  hands."  And  if  the  life  of  man  will 
be  thus  protracted  to  an  indefinite  period,  it  will  follow,  that 


just  interpretation  of  Scripture,  and  the  facts  of 
physical  science;  and  on  this  principle  the  follow- 
ing canon  is  founded,  which  may  be  considered 
as  an  infallible  rule  for  Scripture  interpretation, 
namely, — That  no  interpretation  of  Scripture  ought 
to  be  admitted  which  is  inconsistent  with  any  well 
authenticated  facts  in  the  material  world.     By  icefl 


those  diseases  which  now  prey  upon  the  human  frame,  and 
cut  short  its  vital  action,  will  he  in  a  great  measure  extir- 
pated. Both  these  effects  may  be  viewed  (without  suppos- 
ing any  miraculous  inteifereuce)  as  the  natural  consequence 
of  that  happiness  and  equanimity  which  will  flow  from  the 
practice  of  Christian  virtues,  from  the  enlargement  of  oni 
knowledge  of  the  principles  of  nature,  and  from  the  (iliysical 
enjoyments  which  such  a  state  of  society  will  furnish. 

»  L'nder  this  head  it  was  originally  intended  to  embrace 
an  elucidation  of  a  considerable  variety  of  the  ficts  record- 
ed in  the  Sacred  History,  and  of  the  allusions  of  the  inspired 
writers  to  the  system  of  Nature;  but  as  the  volume  has  a|. 
ready  swelled  beyond  the  limits  proposed,  I  am  reluctantlj 
compelled  to  confine  myself  to  the  illustration  of  only  two  Oi 
three  topics 
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atUhenticated  fads,  I  do  not  mean  the  theories  of 
phiiosopliers,  or  the  deductions  they  may  have 
drawn  fromj.hom,  nor  the  confident  assertions  or 
plausible  reasonings  of  scientific  men  in  support 
of  any  prevailing  system  of  Natural  science;  but 
those  facts  which  are  universally  admitted,  and 
the  reality  of  which  every  scientific  inquirer  has 
it  in  his  power  to  ascertain;  sucli  as,  that  the  earth 
is  not  an  extended  plane,  but  a  round  or  globular 
body,  and  that  the  rays  of  the  sun,  when  con- 
verged to  a  focus  by  a  large  convex  glass,  will  set 
fire  to  combustible  substances.  Such  facts,  when 
ascertained,  ought  to  bo  considered  as  a  revelation 
from  God,  as  well  as  the  declarations  of  his  word. 
For  they  make  known  to  us  a  portion  of  his  char- 
acter, of  his  plans  and  of  his  operations. — This 
rule  may  be  otlierwise  expressed  as  follows: — 
Where  a  passage  of  Scripture  is  of  iioubtfid  mean- 
incj,  or  capable  of  (liferent  interpretations,  that  inter- 
pretation ouyld  to  be  preferred  wJtich  will  best  agree 
toilh  the  established  discoveries  of  science.  For, 
since  the  Author  of  Revelation  and  the  Author 
of  universal  nature  is  one  and  the  same  Infinite 
Being,  there  must  exist  a  complete  harmony  be- 
tween the  revelations  of  his  \^'ord,  and  the  facts 
or  relations  which  are  observed  in  the  material 
universe.  To  suppose  the  contrary,  would  be  to 
suppose  the  Almighty  capable  of  inconsistency; 
a  supposition  which  would  go  far  to  shake  our 
confiJence  in  the  theology  of  Nature,  as  wy?!l  as 
of  Revelation.  If,  in  any  one  instance,  a  Record 
claiming  to  be  a  revelation  from  heaven,  were 
found  to  contradict  a  well  known  fact  in  the  ma- 
terial world;  if,  ibr  example,  it  asserted  in  express 
terms,  to  be  literally  understoo<i,  that  the  earth  is 
a.  quiescent  body  in  the  center  of  the  universe,  or 
that  the  moon  is  no  larger  than  a  mountain — it 
would  be  a  fair  conclusion,  either  that  tlie.  revela- 
tion is  not  Divine — or  that  the  passages  embody- 
ing such  assertions  are  interpolations — or  that 
science,  in  reference  to  these  points,  has  not  yet 
arrived  at  the  truth.  The  example,  we  are  aware, 
is  inapplicable  to  the  Christian  revelation,  which 
rests  securely  on  its  own  basis,  and  to  which  sci- 
ence is  gradually  approximating,  as  it  advances  in 
the  amplitude  of  its  views,  and  the  correctness  of 
its  deductions;  but  it  shows  us  how  necessary  it 
is,  in  interpreting  the  Word  of  God,  to  keep  our 
eye  fixed  upon  his  Works;  for  we  may  rest  as- 
sured, that  truth  in  the  one  will  always  correspond 
with /art  in  the  other. 

To  illustrate  the  rule  now  laid  down,  an  exam- 
ple or  two  may  be  stated. — If  it  be  a  fact,  that 
geological  research  has  ascertained  that  the  mate- 
rials of  the  strata  of  the  earth  are  of  a  more  an- 
cient date  than  the  Mosaic  account  of  the  com- 
mencement of  the  present  race  of  men — the  pas- 
sages in  the  first  chapter  of  Genesis,  and  other 
parts  of  Scripture,  which  refer  to  the  origin  of 
our  world,  must  be  explained  as  conveying  the 
idea,  that  the  earth  was  then  merely  arranged  into 
its  present  form  and  order,  out  of  the  materials 
which  previously  existed,  and  which  had  been  cre- 
ated by  the  Almighty  at  a  period  prior  in  dura- 
tion. For  Moses  nowhere  asserts  that  the  mate- 
rials of  our  globe  were  created  or  brougiit  into 
existence  out  of  nothing,  at  the  time  to  which  his 
history  refers;  but  insinuates  the  contrary.  "For 
the  earth,"  says  he,  prior  to  its  present  constitu- 
tion, "was  without  form  and  void,"  etc. — Again, 
if  it  be  a  fact  that  the  universe  is  indefinitely  ex- 
tended, that,  of  many  millions  of  vast  globes 
which  diversify  the  voids  of  space,  only  two  or 
three  have  any  immediate  connection  with  the 
earth — then  it  will  appear  most  reasonable  to  con- 
clude, tha'  those  expressions  in  the  Mosaic  history 


of  the  creation,  which  refer  to  the  creation  of  the 
fixed  stars,  are  not  to  be  understood  as  referring 
to  the  time  when  they  were  brought  into  exist- 
ence, as  if  they  had  been  created  about  the  same 
time  with  our  earth;  but  as  simply  declaring  the 
fact,  that,  at  what  period  soever  in  duration  they 
were  created,  theij  derived  their  exi-tterice  from  God. 
That  they  did  not  all  commence  their  existence  at' 
that  period,  is  demonstrable  from  the  fact,  that, 
within  the  space  of  2000  years  past,  and  even 
within  the  space  of  the  last  two  centuries,  new 
stars  liave  appeared  in  the  heavens,  which  previ- 
ously did  not  exist  in  the  concave  of  the  firma-h 
ment;  which,  consequently,  have  been  created 
since  the  Mosaic  period;  or,  at  least,  had  under- 
gone a  change  analogous  to  that  wiiich  took  place 
in  our  globe,  when  it  emerged  from  a  chaotic  state, 
to  the  form  and  order  in  which  we  now  behold  it. 
Consequently,  the  phrase,  "God  rested  from  all 
his  works,"  must  be  understood,  not  absolutely, 
or  in  reference  to  the  whole  system  of  nature,  but 
merely  in  relation  to  our  world;  and  as  import- 
ing, that  the  Creator  then  ceased  to  form  any  new 
species  of  beings  on  the  terraqueous  gh/be. — The 
same  canon  will  direct  us  in  the  interpretation  of 
tliose  passages  which  refer  to  the  last  judgment, 
and  tlie  destruction  of  the  present  constitution  of 
our  globe.  When,  in  reference  to  these  events,  it 
is  said,  that  "the  stars  shall  fall  from  heaven," 
that  "  the  powers  cf  heaven  shall  be  sl;aken,"  and 
that  "  the  earth  and  the  hea^'en  shall  flee  away," 
our  knowledge  of  the  system  of  nature  leads  us 
to  conclude, eitlierthat  such  expressions  are  mere- 
ly metaphorical,  or  that  they  describe  only  the 
appearance,  not  the  reality  of  things.  For  it  is 
impossible  that  the  stars  can  ever  fall  to  the  earth, 
since  each  of  them  is  of  a  size  vastly  superior  to 
our  globe,  and  could  never  be  attracted  to  its  sur- 
face, without  unhinging  the  laws  and  the  fabric 
of  universal  nature.  The  appearance,  however, 
of  the  "heaven  fleeing  away,"  would  be  produced, 
should  the  earth's  diurnal  rotation,  at  that  period, 
be  suddenly  stopped,  as  v»?ill  most  probably  hap- 
pen; in  which  case,  all  nature,  in  this  sublunary 
system,  would  be  thrown  info  confusion,  and  the 
heavens,  with  all  their  host,  would  appear  to  fleo 
away. 

Now,  the  scientific  student  of  Scripture  alono 
can  judiciously  apply  the  canon  to  which  I  have 
adverted;  he  alone  can  appreciate  its  utility  in  the 
interpretation  of  the  sacred  oracles;  for  he  knows 
the  facts  which  the  philosopner  and  the  astrono- 
mer have  ascertained  to  exist  in  the  system  of 
nature;  from  the  want  of  which  information  many 
divines,  whose  comments  on  Sci-ipture  have,  in 
other  respects,  been  judicious,  have  displayed 
their  ignorance,  and  fallen  into  egregious  blunders, 
when  attempting  to  explain  the  first  chapters  of 
Genesis,  and  several  parts  of  the  book  of  Job — 
which  have  tended  to  bring  discredit  on  the  oracles 
of  heaven. 

11. — The  Systetn  of  Nature  confirms  and  illustrates 
the  Scriptural  Doctrine  of  the  Depravity  of  Man. 

In  the  preceding  parts  of  this  volume,  I  have 
stated  several  striking  instances  of  Divine  benevo- 
lence, which  ap])ear  in  the  construction  of  the  or- 
gans of  the  animal  system,  in  the  constitution  of 
the  earth,  the  waters,  and  the  atmosphere,  and  in 
the  variety  of  beauties  and  sublimities  whichadorn 
the  face  of  nature;  all  which  proclaim,  in  language 
which  can  scarcely  be  mistaken,  that  the  Creator 
has  a  special  regard  to  the  happiness  of  his  crea- 
tures. Yet  the  Scriptures  uniformly  declare,  that 
man  has  fallen  from  his  primeval  state  of  inna- 
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cence,  and  has  violated  the  laws  of  his  Maker; 
that  "his  heart  is  deceitful  above  ail  things,  aad 
desperately  wicked;"  and  that  "destruction  and 
misery  are  in  his  ways."  Observation  and  ex|)e- 
rience  also  demonstrate,  that  a  moral  disease  per- 
vades the  whole  human  family,  from  the  most 
savage  to  the  most  civilized  tribes  of  mankind; 
which  has  displayed  its  virulence  in  those  wars 
and  devastations  which  have,  in  all  ages,  convulsed 
the  world;  and  which  daily  (.isplays  itself  in  those 
acts  of  injustice,  fraud,  oppression,  malice,  tyran- 
ny, and  cruelty,  which  are  perpetrated  in  every 
country,  and  among  all  the  ranks  even  of  civilized 
life.  That  a  world  inhabited  by  moral  agents  of 
this  description,  would  display,  in  its  physical 
constitution,  certain  indications  of  its  Creator's 
displeasure,  is  what  we  should  naturallj'  expect, 
from  a  consideration  of  those  attributes  of  his 
nature  with  which  we  are  acquainted.  Accord- 
ingly we  find,  that,  amidst  all  the  evidences  of  be- 
nevolence which  our  globe  exhibits,  tliere  are  not 
wanting  certain  displays  of  "  the  wrath  of  Heaven 
against  the  ungodliness  and  unrighteousness  of 
men,"  in  order  to  arouse  them  to  a  sense  of  their 
guilt,  and  to  inspire  them  with  reverence  and  awe 
of  that  Being  whom  they  have  offended.  The 
following  facta,  among  many  others,  may  be  con- 
sidered as  corroborating  this  position. 

In  the  first  place,  The  present  state  of  the  interior 
strata  of  the  earth  may  be  considered  as  a  pre- 
sumptive evidence,  that  a  moral  revolution  has 
taken  place  since  man  was  placed  upon  the  globe. 
When  we  penetrate  into  the  interior  recesses  of  the 
earth,  we  find  its  different  strata  bent  in  the  most 
irregular  forms;  sometimes  lying  horizontally, 
sometimes  projecting  upward,  and  sometimes 
downward,  and  thrown  into  confusion;  as  if  some 
dreadful  concussion  had  spread  its  ravages  through 
every  part  of  the  solid  crust  of  our  globe.  Tliis 
is  visible  in  every  region  of  the  earth.  Wiiorever 
the  miner  penetrates  among  liis  subterraneous 
recesses,  wherever  the  fissures  and  caverns  of  the 
earth  are  explored,  and  wherever  the  mountains 
lay  bare  their  rugged  cliffs,  the  marks  of  ruin, 
convulsion,  and  disorder,  meet  the  eye  of  the  be- 
holder. Evidences  of  these  facts  are  to  be  found 
in  the  records  of  all  intelligent  travelers  and  geo- 
logists who  have  visited  Alpine  districts,  or  ex- 
plored the  subterraneous  regions  of  the  earth; 
of  which  I  have  already  stated  a  few  instances  in 
the  article  Geology. — These  facts  seem  evidently 
to  indicate,  that  the  earth  is  not  now  in  the  same 
state  in  which  it  originally  proceeded  from  the 
hand  of  its  Creator;  for  such  a  scene  of  disrup- 
tion and  derangement  appears  incompatible  with 
that  order,  harmony,  and  beauty,  which  are  appa- 
rent in  the  other  departments  of  nature.  We  dare 
not  assert,  that  such  terrible  convulsions  took 
place  by  chance,  or  independent  of  the  will  of  the 
Creator;  nor  dare  we  insinuate,  that  they  were 
the  effects  of  a  random  display  of  Almighty  power; 
and,  therefore,  we  are  necessarily  led  to  infer, 
that  a  moral  cause  connected  with  the  conduct  of 
the  rational  inhabitants  of  the  globe,  must  have 
existed,  to  warrant  so  awful  an  interposition  of 
Divine  Power;  for  tiie  fate  of  the  animated  beings 
v/hich  then  peopled  the  earth,  was  involved  in  the 
consequences  which  must  have  attended  this  ter- 
rible catastrophe.  The  volume  of  Revelation  on 
this  point,  concurs  with  the  deductions  of  reason, 
and  assigns  a  cause  adequate  to  warrant  the  pro- 
duction of  such  aa  extraordinary  effect.  "  The 
vickedness  of  man  was  great  upon  the  earth; 
the  earth  was  filled  with  violence;  every  pur- 
pose and  desire  of  man's  heart  was  o.xly  evil 
CONTINUALLY."    Man  had  frustrated  the  end  of  liis 


existence;  the  earth  was  turned  into  a  habitation 
of  demons;  the  long  period  to  wliieh  his  life  was 
protracted,  only  served  to  har^ien  him  in  his  wick- 
edness, and  to  enable  him  to  carry  his  diabolical 
schemes  to  their  utmost  extent,  until  the  social 
state  of  the  human  race  became  a  scene  of  un- 
mixed depravity  and  misery.  And  the  physical 
effects  of  the  punishment  of  this  universal  defec- 
tion from  God,  are  presented  to  our  view  in  evei-y 
land,  and  will  remain  to  all  ages,  as  a  visible  me- 
morial that  man  has  rebelled  against  the  authority 
of  his  Maker.* 

2.  The  existence  of  volcanoes  and  the  terrible  ra- 
vages they  produce,  bear  testimony  to  the  state  of 
man  as  a  depraved  intelligi-nce.  A  volcano  is  a 
mountain  generally  of  an  immense  size,  from 
whose  summit  issue  fire,  smoke,  sulphur,  and 
torrents  of  melted  lava.f  Previous  to  aa  i-ruption, 
the  smoue,  which  is  coiitinually  ascending'  from 
the  crater,  or  opening  in  the  top,  increases  and 
shoots  up  to  an  immense  hight;  forked  lightning 
issues  from  the  asceu-ing  column;  siiowcrs  of 
ashes  are  tiirowii  out  to  the  distance  of  forty  or 
fifty  miles;  volleys  of  red-hot  stones  are  dis- 
charged to  a  great  hight  in  the  air;  the  sky  ap- 
pears tliick  and  dark;  the  luminaries  of  heaven 
disappear;  and  these  terrible  forebouirigs  are  ac- 
companied with  thunder,  lightning,  frequent  con- 
cussions of  the  earth,  and  dreadful  subterraneous 
bellowiugs.  When  these  alarming  appearances 
have  continued  sometimes  four  or  five  mouths, 
the  lava  begins  to  make  its  appearance,  either 
boiling  over  the  top,  or  forcing  its  way  through 
the  side  of  the  mountain.  1'his  fiery  deluge  of 
melted  minerals  rolls  down  the  declivity  of  the 
mountain,  forming  a  dismal  flaming  stream,  some- 
times fourteen  miles  long,  six  miles  broad,  and 
200  feet  deep.  In  its  course  it  destroys  orchards, 
vineyar'ds,  corn-fields,  and  villages;  and  sometimes 
cities,  containing  twenty  thousand  inhabitants, 
have  been  swallowed  up  and  consumed.  Several 
other  phenomena,  of  awful  sublimity,  sometimes 
accompany  these  eruptions.  In  the  eruption  of 
Vesuvius,  in  1794,  a  shock  of  an  earthquake  was 
felt;  and,  at  the  same  instant,  a  fountain  of  bright 
fire,  attended  with  the  blackest  smoke  and  a  loud 
report,  was  seen  to  issue,  and  to  rise  to  a  great 
higlit  from  the  cone  of  the  mountain;  and  was 
soon  succeeded  by  fifteen  other  fierj'  fountains, 
all  in  a  direct  line,  extending  for  a  mile  aad  a 
half  downward.  This  fiery  scene  was  accompa- 
nied with  the  loudest  thunder,  the  incessant  re- 
ports of  which,  like  those  of  a  numerous  heavy 
artillery,  were  attended  by  a  continued  hollow 
murmur,  similar  to  that  of  the  roaring  of  the 
ocean  during  a  violent  storm.  The  houses  iii 
Naples,  at  seven  miles  distance,  were  for  several 
hours  in  a  constant  tremor;  the  bells  ringing,  and 
doors  and  windows  incessantly  rattling  and  shak- 
ing. The  murmur  of  the  prayers  and  lamenta- 
tions of  a  numerous  population  added  to  the  hor- 


*  It  is  not  meant  here  to  insinuate  that  all  the  rlistocations 
and  irreguhirities  found  in  the  strata  of  the  earth  are  to  bo 
attributed  to  tlie  action  of  the  detnge;  but  it  can  scarcely  be 
called  in  question,  that  certain  traces  of  the  effettts  of  this 
catastrophe  are  to  be  found  in  most  countries.  The  siinpla 
fact  recorded  in  Revelation,  that  "the  fountnins  of  the  great 
deep  Mere  broken  up,  and  ihe  ltoo,l-i,'ate-i  of  the  heavens  open- 
ed"—that  "  the  storm  of  rain  continued  upon  the  earth  forty 
days  and  forty  ni^jhts,"  and  thp.t  the  earth  was  covere  1  witl'i 
waler  for  nenr'y  the  space  o^  a  whole  ye-ir — co\!l(l  not  bnt 
produce  a  very  sensible  and  extensive  eileit  upon  the  soliil 
parts  of  the  ^flobe,  tliough  it  may  be  dirdcult  in  some  in- 
stances to  (listiuijiiish  some  of  the  eff>--cts  ])roi!uced  by 
Noah's  flood  Unm  thoje  which  were  the  result  of  |)rnvious  ca. 
taslrophes.  At  any  rate,  the  sacred  historian  is  explicit  in  ile- 
clarincr  it  vvas  "because  the  wickedness  of  man  was  jjreat," 
that  "  a  flood  of  watera  was  broug)it  upon  the  oarth." 

t  See  page  53 
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fors"  of  the  scene.  All  travelers  who  have  wit- 
iiessed  these  eruptions  scein  to  be  at  a  loss  to  find 
words  suiiicientlj'  emphatic  to  express  the  terrors 
of  the  scene.  "One  cttnnot  form  a  juster  idea," 
says  Bishop  Berkley,  "  of  the  noise,  emitted  by  the 
mountain,  than  by  imagining  a  mixed  sound 
made  up  of  the  riiging  of  a  temi)est,  the  murmur 
of  a  troubled  sea,  and  the  roaring  of  thunder  and 
artillery,  confused  altogether.  Though  we  heard 
tliis  ai  the  distance  of  twelve  miles,  yet  it  v/as 
very  terrible."  In  1744,  the  flames  of  Cotopaxi, 
in  South  America,  rose  3000  feet  above  the  brink 
of  the  crater,  and  its  roarings  were  heard  at  the 
distance  of  six  hundred  miles.  "  At  the  port  of 
Guayaquil,  150  miles  distant  from  the  crater," 
says  Humboldt,  "we  heard  day  and  night  the 
noise  of  this  volcano,  like  continued  discharges 
of  a  battery,  and  we  distinguished  these  tremen- 
dous sounds  even  on  the  Pacific  ocean." 

The  most  terrific  and  extraordinary  volcano 
yet  known  is  that  of  Kirauea,  lately  discovered 
in  Hawaii,  one  of  the  Sandwich  islands.  When 
the  crater  of  this  volcano  first  bursts  upon  the 
sight,  there  is  an  appearance  presented  of  an  im- 
mense plain  below,  15  or  16  miles  in  circumfe- I 
reiice,  and  from  200  to  400  feet  below  its  original 
level,  covered  with  hillocks  of  lava,  and  vast  lloods  ] 
of  burning  matter  in  a  state  of  terrific  ebullition, 
moving  to  and  fro  its  fiery  surge  and  flaming  bil- 
lows. Mr.  Ellis,  who  beheld  this  volcano,  states 
that,  around  the  edge,  or  from  the  surface  of  the 
burning  lake,  there  arose  no  fewer  than  51  coni- 
cal islands  of  varied  form  and  size,  containing  as 
many  craters.  Twenty-two  were  constantly 
emitting  columns  of  gray  smoke  or  pyramids  of 
brilliant  flame,  and  several  of  these  at  the  same 
time  vomited  from  their  ignited  mouths  streams 
of  lava  which  rolled  in  blazing  torrents  down 
Iheir  black  indented  sides  into  the  boiling  mass 
below.  The  roar  and  noi^e  emitted  from  these 
several  craters  resemble  the  souiiJs  of  a  mighty 
steam-engine — a  whole  lake  of  fire  ;i;)pearing  in 
the  distance — billow  after  biliow  tossiing  its  mon- 
strous bo:som  in  the  air,  :uid  tliiowiiig  forth  its 
fiery  spray  to  the  hight  ol  41  or  50  fe.t — forming 
a  scene  most  awfully  grand  and  terrific — flames 
bursting  forth  from  the  largest  cone,  red-hot 
stones,  cinders,  and  ashes  propelled  to  a  mighty 
hight  with  immense  violenee,  and  appalling  floods 
of  lava  boiling  down  the  sides  over  the  surround- 
ing scoriae.  Mr.  Stewart  and  a  party  from  the 
Blonde  frigate  visited  this  volcano  in  1?25.  The 
following  is  only  a  very  small  jiart  of  his  descrip- 
tion : —  "At  night,  splendid  illuminations  were 
lighted  up;  the  volcano  began  roaring  and  labor- 
ing with  redoubled  activity.  The  confusion  of 
iioisqs  was  prodigiously  great — rolling  from  one 
end  of  the  crater  to  the  other,  sometimes  seeming 
to  be  immediately  under  us,  when  a  sensible  tre- 
mor of  the  ground  took  place,  and  then  again 
rushing  to  the  farther  end  with  incalculable  velo- 
city. The  whole  air  was  filled  with  the  tumult, 
and  soon  after  flames  burst  from  a  large  cone 
near  which  we  had  been  in  the  morning.  Red- 
hot  stones,  cinders,  and  ashes  were  ali^o  propelled 
to  a  great  hight  with  immense  violence,  and 
shortly  after  the  molten  lava  came  boiling  up  and 
flowed  down  the  sides  of  the  cone  and  over  the 
surrounding  scorice,  in  two  beautiful  streams, 
glittering  with  indescribable  brilliance.  At  the 
same  time,  a  whole  lake  of  fire  opened  in  a  more 
distant  part;  this  could  not  have  been  less  than 
two  irMes  in  circumference;  and  its  action  was 
more  horribly  sublime  than  anything  I  ever  ima- 
gined to  exist,  even  in  the  ideal  visions  of  un- 
earthly things."     This  fiery  volcano  of  Kirauea, 


the  larger^t  of  which  we  have  anj'  record,  dwindles 
into  insignificance,  when  we  think  of  the  proba- 
ble subterranean  fires  immediately  beneath  the 
v/hole  of  these  and  other  Soutii-Sea  islands.  The 
whole  of  Hawaii  (Owhyhee),  covering  a  space 
of  4000  square  rniles,  is  a  complete  mass  of  lava 
or  other  volcanic  matter  in  various  stages  of  da- 
composition.  Perforated  with  innumerable  aper- 
tures in  the  shape  of  craters,  it  forms  a  hollow 
cone  over  one  vast  furnace,  situated  in  the  heart 
of  a  stupendous  submarine  mountain  rising  from 
the  bottom  of  the  sea.  When  we  contemplate 
such  awful  and  overwhelming  phenomena,  the 
workmanship  of  Him  who  laid  tlie  foundations 
of  the  earth,  and  who  superintends  the  operation 
of  all  its  elementary  principles,  we  have  reason 
to  exclaim,  "  Let  the  nations  say  unto  God,  how 
terrible  art  thou  ia  thy  works!  Let  all  the  earth 
fear  Jehovah;  let  all  the  inhabitants  of  tiie  world 
stand  in  awe  of  himl" 

The  ravages  produced  by  volcanoes  are  in  pro- 
portion to  the  terror  they  inspire.  In  the  eruption 
of  Etna  in  IGGO,  the  stream  of  lava  destroyed,  in 
forty  days,  the  habitations  of  27,000  persons;  and, 
of  20,000  inhabitants  of  the  city  of  Catania,  only 
3000  escaped.  In  the  year  79,  the  celebrated 
cities  of  Pompeii  and  lierculaneum  were  com- 
pletely overwhelmed  and  buried  underground  by 
an  eruption  of  Vesuvius,  and  the  spots  on  which 
they  stood  remained  unknown  for  1600  years. 
Since  that  period,  about  forty  eruptions  have 
taken  place,  each  of  them  producing  the  most 
dreadful  ravages.  But  the  volcanoes  of  Asia  and 
America  are  still  more  terrible  and  destructive 
than  those  of  Europe.  The  volcanic  mountain 
Pichincha,  near  Quito,  caused,  on  one  occasion, 
the  destruction  of  r!5,000  inhabitants.  In  the 
year  1772,  an  eruption  of  a  mountain  in  the 
island  of  Java  destroyed  forty  villages,  and  seve- 
ral thousands  of  the  inhabitar;ts;  and  in  October, 
1822,  eighty-eight  hamlets  and  above  2000  persons 
were  destroyed  in  the  same  island,  by  a  sudden 
eruption  from  a  new  volcano.  The  eruption 
from  Tomboro,  in  the  island  of  Sumbawa,  in 
1815,  was  so  dreadful  that  all  the  Moluccas,  Java, 
Sumatra,  and  Borneo,  to  the  distance  of  a  thou- 
sand miles  from  the  mountain,  felt  tremulous 
emotions,  and  heard  the  report  of  explosions. 
In  Java,  at  the  distance  of  310  miles,  the  clouds 
of  ashes  from  the  volcano  produced  utter  darkness. 

Volcanoes  are  more  numerous  than  is  generally 
imagined.  They  are  to  be  found  in  every  quar- 
ter of  the  world,  from  the  icy  shores  of  Kamts- 
chatka  to  the  mountains  of  Patagonia.  Humboldt 
enumerates  forty  volcanoes  constantly  burning 
between  Cotopaxi  and  the  Pacific  ocean;  twenty 
have  been  observed  in  the  chain  of  mountains 
that  stretches  along  Kamtschatko;  and  many  of 
them  are  to  be  seen  in  the  Philippines,  the  Mo- 
luccas, the  Cape  de  Verd,  the  Sandwich,  the  La- 
drone,  and  other  islands  in  the  Indian  and  Pacific 
oceans.  It  is  stated  in  vol.  6th  of  Supp.  to  Encijc. 
Brit.,  that  about  205  volcanoes  are  known,  in- 
cluding only  those  which  have  been  active  within 
a  period  to  which  history  or  tradition  reaches. 
Europe  contains  14;  and,  of  the  whole  number, 
it  is  computed  that  107  are  in  islands,  and  98  on 
the  great  continents. 

Can  we  then  suppose  that  so  many  engines  of 
terror  and  destruction,  dispersed  over  every  quar- 
ter of  the  globe,  are  consistent  with  the  conduct 
of  a  benevolent  Creator  toward  an  innocent  race 
of  men?  If  so,  we  must  either  admit  that  the 
Creator  had  it  not  in  his  power,  when  arranging 
our  terrestrial  system,  to  prevent  the  occasional 
action  of  these  dreadful  ravages;   or,  that  he  ia 
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indiS*erent  to  the  happiness  of  his  innocent  off- 
spring. The  former  adniistiiou  is  inconsistent 
with  the  idea  of  his  Omnipotence,  and  the  latter 
with  the  idea  of  his  universal  Benevolence.  It  is 
not,  therefore,  enthusiasm,  but  the  fairest  deduc- 
tion of  reason  to  conclude,  that  they  are  indica- 
tions of  God's  displeasure  against  a  race  of  trans- 
gressors who  have  apostatized  from  his  laws. 

3.  The  same  reasoning  will  apply  to  the  rava- 
ges produced  by  Earthquakes.  Next  to  volcanoes, 
earthquakes  are  the  most  terrific  phenomena  of 
nature,  and  are  even  far  more  destructive  to  man, 
and  to  the  labors  of  his  hands.  An  earthquake, 
which  consists  in  a  sudden  motion  of  the  earth, 
is  generally  preceded  by  a  rumbling  sound,  some- 
times like  that  of  a  number  of  carriages  driving 
furiously  along  the  pavement  of  a  street,  some- 
times like  the  rushing  noise  of  a  mighty  wind, 
and  sometimes  like  the  explosions  of  artillery. 
Their  effect  on  the  surface  of  the  eartli  is  various. 
Sometimes  it  is  instantaneously  heaved  up  in  a 
perpendicular  direction,  and  sometimes  it  assumes 
a  kind  of  rolling  motion,  from  side  to  side. — The 
ravages  which  earthquakes  have  produced  are  ter- 
rible beyond  description;  and  are  accomplished 
almost  in  a  moment.  In  16;)2,  the  city  of  Port- 
Royal,  in  Jamaica,  was  destroyed  by  an  earth- 
quake, in  the  space  of  two  minutes,  and  the 
houses  sunk  into  a  gulf  forty  fathoms  deep.  In 
1693,  an  earthquake  happened  in  Sicily,  which 
either  destroyed  or  greatly  damaged  fifty-four 
cities  and  an  incredible  number  of  villages.  The 
city  of  Catania  was  utterly  overthrown;  the  sea 
all  of  a  sudden  began  to  roar;  Mount  Etna  to 
send  forth  immense  spires  of  flame;  and,  imme- 
diately a  shock  ensued,  as  if  all  the  artillery  in 
the  world  had  been  discharged.  The  birds  flew 
about  astonished  ;  the  sun  was  darkened  ;  the 
beasts  ran  howling  from  the  hills;  a  dark  cloud  of 
dust  covered  the  air;  and  though  the  sliock  did  not 
last  three  minutes,  yet  nineteen  thousand  of  the 
inhabitants  of  the  city  perished  in  the  ruins.  This 
shock  extended  to  a  circumference  of  7000  miles. 

Earthquakes  have  been  producing  their  ravages 
in  various  parts  of  the  world,  and  in  every  age, 
and  are  still  continuing  their  destructive  efTccts. 
Pliny  informs  us,  that  twelve  cities  in  Asia  Minor 
were  swallowed  up  in  one  night.  In  the  year 
115,  the  city  of  Antioch,  and  a  great  part  of  the 
adjacent  country,  were  buried  by  an  earthquake. 
About  390  years  after,  it  was  again  destroyed 
along  with  40,000  inhabitants;  and,  after  an  in- 
terval of  only  60  years,  it  was  a  third  time  over- 
turned, with  the  loss  of  not  loss  than  00,000  souls. 
In  1755,  Lisbon  was  destroyed  by  an  earthquake, 
and  it  buried  under  its  ruins  above  50,000  inhabi- 
tants. The  effects  of  this  terrible  earthquake 
were  Felt  over  the  greater  part  of  Europe  and 
Africa,  and  even  in  the  midst  of  the  Atlantic 
ocean;  and  are  calculated  to  have  extended  over  a 
space  of  not  less  than  four  millions  of  square 
miles.  In  August,  1822,  two-thirds  of  the  city 
of  Aleppo,  which  contained  40,000  liouses,  and 
200,000  inhabitants,  were  destroyed  by  an  earth- 
quake, and  nearly  30,000  inhabitants  were  buried 
under  the  ruins. — On  the  7th  May,  1842,  at  5 
o'clock  in  the  evening,  the  town  of  Cape  Haytien, 
in  the  island  of  St.  Domingo,  was  totally  destroy- 
ed by  an  earthquake,  and  ten  thousand  of  the  in- 
habitants— forming  two- thirds  of  the  population — 
perished  in  the  catastrophe.  The  towns  of  St. 
Nicholas  and  Port  Paix,  were  also  tumbled  into 
ruins,  and  most  if  not  all  towns  on  the  north  side 
of  the  island,  in  some  of  which  multitudes  of  the 
inhabitants  were  destroyed,  amounting  in  all  to 
about  20,000  imman  beings,  who  perished  in  that 


tremendous  concussion.     Its  effects  were  traced 
from  VV.  liongitudc  56°  in  the   northern  part  of 
the  tropics,  to  W.  Longitude  91<^,  compreliending 
an  extent,  irom  east  to  west,  of  .';5'^,  pass!  ig  along 
Cuba,  Louisiana,  and   part  of  the  United  States. 
To  suppose   that  the  human   beings  who  have 
been  victims  to  the   ravages  of  earthquakes   and 
volcanoes,  "  were    sinners   above   all    those   who 
dwelt  around  them,"  would   be  liie  higlit  of  im- 
piety and  presumption.     But  the  fact,  that  thou- 
sands of   rational  beings  have  been  swept  from 
existence,  in  a  manner  so  horrible  and  tremendous, 
seems  plainly  to  indicate,  that  they  belonged  to  a 
race   of  apostate  intelligences,  who  had   violated 
the  commands  of  their  Creator.     Such  visitations 
are  quite  accordant  to  the  idea  of  man   being  in 
the  condition  of  a  transgressor;  but,  if  he  were 
an  innocent   creature,   they  would  be   altogether 
unaccountable,  as  happening  under   the   govern- 
ment of  a  Being  of  unbounded  benevolence. 
,      4.  The  phenomena  of  thundfr-storins,  tempests, 
and  hurricanes,  and  the  ravages  they  produce,  are 
also  presumptive  proofs  that  man  is  a  depraved  in- 
telligence.    In  that  season  of  the  j-ear  when  Na- 
ture is  arrayed  in  her  most  beautiful  attire,   and 
the  whole  terrestrial  landscape  tonds  to  inspire  the 
mind  with  cheerfulness — suddenly  a  sable  cloud 
emerges   from   the   horizon — the  sky    assumes   a 
baleful  aspect — a  dismal   gloom  envelops  the  face 
;  of  Nature — the  lightnings  flash  from  one  end  of 
the  horizon   to  another — the   thunders  roll   with 
,  awful  majesty  along  the  verge  of  heaven,  until  at 
length  they  burst  over  head  in  tremendous  ex})lo- 
:  sions.     The  sturdy  oak  is  shattered  and  despoiled 
j  of  its  foliage;  rocks  are  rent  into  sliivers;  and  the 
\  grazing   herds  are   struck   into  a  lifeless  group. 
Even  man   is  not  exempted  from  danger   in  the 
midst  of  this  appalling  scene.     For  hundreds  in 
!  every  age  have  fallen  victims  cither  to  the  direct 
stroke  of  th.e  lightning,  or  to  the  concussions  and 
I  conflagrations   with   which  it  has   been  attended. 
j  In  tropical  countries,  the  phenomena  of  thuri''«> 
I  storms  are   more   dreadful   and  appalling  th.Vi  in 
jour  temperate  climate.     The  thunder  freq'</-.ly 
I  continues  for  days  and  weelvS  in  almost  one  '.'p-s- 
I  sant  roar;  the  rains  arc  poured  down  iii  to.''  rits; 
j  and  the  flashes  of  lightning  follow  each   o*  >  :r  in 
so  rapid  a  succession,  that  the  whole  atmo  {)hero 
and  the  surrounding  hills  seem  to   be  in  a  blaze. 
In  some  instances,  the  most  dreadful  effect)  have 
been  produced   by  the   bursting   of   an  elfjtrical 
cloud.     In  1772,  a   In-ight  cloud  was  obser/ed  at 
midnight  to  cover  a  mountain   in   the  island  of 
Java;  it  emitted  globes  of  fire   so    luminous  that 
the  night  became  as  clear  as  day.     Its  cllectj  were 
astonishing.     Everything  was  destroyed  for  seven 
leagues  around;  houses  were  demolis'w^d;   planta- 
tions bulled   in  the  earth;  and  2140  p"ople'  lost 
their  lives,  beside  1500  head  of  cattle,  and  a  vast 
numbpr  of  horses  and  other  animals.* 

Is  it  not  reasonable,  then,  to  conclude,  thntsuch 
awful  phenoinena  as  storms,  volcanoes,  and  earth- 
quakes are  so  many  occasional  in.'ications  of  the 
frown  of  an  off?ndi'd  Creator  upon  a  race  of  trans- 
gressors, in  order  to  arouse  them  to  a  sense  of  their 
apostasy  from  the  God  of  heaven?  We  cannot 
conceive  that  such  physical  opi-rutions,  accompa- 
nied by  so  many  terrific  and  destructive  effects, 
are  at  all  compatible  with  the  idea,  that  man  is  at 
present  in  a  paradisiacal  state,  and  po-stssed  of 
that  moral  purity  in  which  he  was  created  Such 
appalling  displays  of  Almiglity  power  are  in 
complete  unison  with  the  idea,  t!iat  man  is  a 
transgressor,  and   that  the  present  J'spe^satious 
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of  God  arc  a  mixture  of  mercy  and  of  judgment; 
Dut  if  he  belong  to  an  innocent  race  of  moral  in- 
telligences, tliey  appear  quite  anomalous,  and  are 
altogether  inexplicable,  on  the  supposition,  that  a 
Being  of  infinite  benevolence  and  rectitude  directs 
tlie  operations  of  t4ie  physical  and  moral  world; 
more  especially  when  we  consider  the  admirable 
care  which  is  displaj'ed  in  the  construction  of 
animal  bodies,  in  order  to  prevent  pain,  and  to 
produce  pleasurable  sensations.  When  man  was 
first  brought  into  existence,  his  thoughts  and 
affections,  we  must  suppose,  were  in  unison  with 
the  will  of  his  Creator;  his  mind  was  serene  and 
unruffled;  and,  consequently,  no  foreboding  ap- 
prehensions of  danger,  would,  in  such  a  state, 
take  possession  of  his  breast.  But  after  he  had 
swerved  from  the  path  of  primeval  rectitude,  and 
especially  after  the  Deluge  had  swept  away  the  in- 
habitants of  the  Antediluvian  world,  the  consti- 
tution of  the  earth  and  the  atmosphere  seems  to 
have  undergone  a  mighty  chaiige,  corresponding 
to  the  degraded  state  into  which  lie  had  fallen;  so 
that  those  very  elements  which  may  have  for- 
merly ministered  to  his  enjoyment — by  being 
formed  into  different  combinations  —  now  con- 
spire to  produce  terror  and  destruction. 

The  same  important  conclusion  might  have 
been  deduced,  from  a  consideration  of  the  im- 
mense deserts  of  marshes  and  barren  sands  which 
are  dispersed  over  the  globe — the  vast  and  fright- 
ful regions  of  ice  around  the  poles — the  position 
of  the  mineral  strata,  and  the  vast  disproportion 
which  tiie  extent  of  the  dry  land  bears  to  the  ex- 
panse of  the  ocean, — all  which  circumstances, 
and  many  others,  in  conjunction  with  the  facts 
above  stated,  conspire  to  show,  that  man  no  longer 
stands  in  the  rank  of  a  pure  intelligence;  and 
that  his  habitation  corresponds,  in  some  degree, 
to  his  state  of  moral  degradation.  By  overlook- 
ing this  consideration,  St.  Pierre  and  other  Natu- 
ralists have  found  themselves  much  at  a  loss, 
when  attempting  to  vindicate  the  wisdom  and 
equity  of  Providence,  in  the  physical  disorders 
which  exist  in  the  present  constitution  of  our 
globe.  The  circumstance,  that  man  is  a  fdlen 
creature,  appears  the  only  clue  to  guide  us  in  un- 
raveling the  mysteries  of  Providence,  and  to  ena- 
ble us  to  perceive  the  harmony  and  consistency  of 
the  Divine  operations  in  the  system  of  nature; 
and  no  otiier  consideration  will  fully  account  for 
the  disorders  which  exist  in  the  present  economy 
of  our  world. 

But  it  is  a  most  consoling  consideration,  that, 
amidst  all  the  physical  evils  which  abound,  the 
benevolence  and  mercy  of  God  are  admirably 
blended  with  the  indications  of  his  displeasure. — 
Thunder-storms  and  tempests  contribute  to  the 
purification  of  the  atmospljere;  and  volcanoe-s  are 
converted  into  funnels  for  vomiting  up  those  fiery 
materials  which  produce  earthquakes,  and  which 
might  otherwise  swallow  up  whole  provinces  in 
one  mighty  gulf.  In  the  ordinary  course  of  things, 
such  phenomena  are  more  terrific  tiiandestructive; 
and  are  calculated  rather  to  rouse  an  unthinking 
woWd  to  consideration,  than  to  prove  the  instru- 
ments of  human  destruction.  Compared  with  the 
miseries  which  men  have  voluntarily  inflicted  on 
one  another,  the  destructive  effects  of  the  elements 
of  nature  dwindle  into  mere  temporary  and  tri- 
fling accidents.  We  have  reason  to  believe,  that 
a  much  greater  destruction  of  human  beings  has 
been  produced  by  two  or  three  of  the  late  battles 
La  modern  Europe,  such  as  those  of  Waterloo, 
Borodino,  and  Smolensko,  than  has  been  produced 
by  all  the  electrical  storms,  earthquakes,  and  vol- 
canic eruptions,  which  have  raged  for  the  space 


of  several  hundred  years.  It  has  been  calculated, 
that,  during  the  Russian  campaign  of  181:2,  in- 
cluding men,  women,  and  children,  belonging  to 
the  Erench  and  Russians,  there  were  not  less  than 
five  hundred  thousand  human  victims  sacrificed  to 
the  demon  of  war.  It  is  probable,  that  the  de- 
struction produced  among  the  human  race,  by  the 
convulsions  of  nature,  since  the  commencement 
of  time  (the  deluge  only  excepted),  does  not 
amount  to  above  four  or  five  millions  of  lives;  but 
were  we  to  take  into  account  the  destruction  of 
human  life  produced  by  ambition,  tyranny,  op- 
pression, superstition,  wars,  devastations,  murders, 
and  horrid  cruelties,  in  every  period  of  the  world, 
it  would,  doubtless,  amount  to  several  thousands 
of  millions.  So  that,  amidst  the  most  terrible  dis- 
plays of  the  displeasure  of  God  against  the  sins 
of  men,  mercy  is  mingled  with  judgment;  and 
while  man  is  the  greatest  enemy  and  destroyer  of 
his  own  species,  benevolence  is  ihe  prominent  fea- 
ture of  all  the  arrangements  of  the  Deity  in  the 
physical  world.  lor  although  he  is  great  in  power 
he  is  slow  to  anger,  and  "  his  tender  mercies 
are  over  all  his  works."  The  evils  v^hich  flow 
from  the  operation  of  the  elements  of  nature 
ought  not  to  be  considered  as  the  inflictions  of 
avenging  justice,  but  as  the  kind  admonitions  of 
a  benevolent  Father,  who  willeth  not  that  any 
should  perish,  but  that  all  should  come  to  repen- 
tance— and  who  has  displayed  his  love  to  the  hu- 
man race  in  such  a  wonderful  manner  that  "he 
gave  his  only-begotten  Son,  that  whosoever  be- 
lievelh  on  him  might  not  perish  but  have  ever- 
lasting life."* 

III. — The  Discoveries  which  have  heen  made  in  the 
System  of  Nature  illustrate  the  Doctrine  of  the 

RkSURRECTION'  of  the  DE.U). 

The  doctrine  of  a  Resurrection  from  the  dead, 
at  first  view,  appears  to  involve  in  it  a  variety  of 
difficulties  and  apparent  contradictions.  That  a 
complex  organical  machine,  as  the  human  body 
is,  consisting  of  tiiousands  of  diversified  parts  for 
the  performance  of  its  functions,  after  it  has  been 
reduced  to  atoms,  and  those  atoms  dispersed  to 
"the  four  winds  of  heaven" — should  be  again 
reared  up  with  the  same  materials,  in  a  new  and 
more  glorious  form, — is  an  idea  which  seems  to 
baffle  the  human  comprehension;  and,  in  all  pro- 
bability, would  never  have  entered  the  mind  of 
man,  had  it  not  been  communicated  by  Divine 
Revelation.  Accordingly  we  find,  that  the  philo- 
sophers of  antiquity,  though  many  of  them  be- 
lieved in  the  doctrine  of  a  future  state,  never  once 
dreamed  that  the  bodies  of  men,  after  they  had 
been  committed  to  the  dust,  would  ever  again  be 
reanimated:  and  hence,  when  the  Apostle  Paul 
proposed  this  doctrine  to  the  Athenian  philoso- 
phers, they  scouted  the  idea,  as  if  it  had  been  the 
revery  of  a  madman.  And,  indeed,  without  a 
strong  conviction,  and  a  lively  impression,  of  the 
infinite  power  and  intelligence  of  God,  the  mind 
cannot  rely  with  unshaken  confidence  on  the  de- 
claration of  a  future  fact  so  widely  different  from 
all  the  obvious  phenomena  of  nature,  and  from 
everything  that  lies  within  the  range  of  human 
experience.  "If  a  man  die,"  says  Job,  "shall  he 
live  again?  There  is  hope  of  a  tree,  if  it  be  cut 
down,  that  it  will   sprout  again,  and  bring  forth 


*  The  facts  stated  in  this  section  are  expressed,  for  the 
most  part,  in  the  author's  own  words,  for  the  sake  of  com- 
pression — His  authorities  are,  Goldsmith's  Natural  History, 
Humboldt's  Travels,  Brydon's  Tour,  Sir  W.  Hamilton's  Ob- 
servations, Raffle's  History  of  Java,  Encyc.  Brit.,  Arts.  Etna, 
Volcano,  Eart/ujuakc,  Aiitioc/i,  Cloud  —  Ellis's  Polynesiao 
Researches,  etc. 
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boughs  like  a  plant.  But  man  dieth  and  wastetli 
away;  yea,  man  givetli  up  the  ghost,  and  where 
is  he?"  When  the  mind,  however,  is  frequently 
exercised  in  coiiteniplatioiis  on  the  stupendous 
works  of  the  Almighty,  it  must  feel  an  impressive 
conviction,  that  "  notiiing  can  be  too  hard  for 
Jehovah."  When  we  endeavor  to  draw  aside  the 
vail  vvfhich  conceals  many  of  the  scenes  of  nature 
from  the  vulgar  eye,  we  perceive  a  variety  of  ope- 
rations and  analogies,  which  tend  to  assist  ns  in 
forming  a  conception,  not  only  of  the  possibility 
of  a  resurrection,  but  also  of  the  manner  in  which 
it  may  probably  be  eftected,  when  the  power  of 
Omnipotence  is  interposed. 

The  transformation  of  insects  affords  us  a  beau- 
tiful illustration  of  tins  subject.  All  the  butter- 
flies which  we  see  fluttering  about  in  the  summer 
months  were  originally  caterpillars.  Before  they 
arrive  at  that  highest  stage  of  their  existence,  they 
pass  through  four  different  transformations.  The 
first  state  of  a  butterfly  is  that  of  an  egg;  it  next 
assumes  the  form  of  a  loathsome  crawling  worm; 
after  remaining  some  time  in  this  state,  it  throws 
off  its  caterpillar  skin,  languishes,  refuses  to  eat, 
ceases  to  move,  and  is  shut  up,  as  it  were,  in  a 
tomb.  In  this  state,  the  animal  is  termed  a  chrys- 
alis: it  is  covered  with  a  thin  crust  or  sliell,  and 
remains,  sometimes  for  six  or  eigiit  months,  with- 
out motion,  and  apparently  without  life.  After 
remaining  its  allotted  time  in  this  torpid  condi- 
tion, it  begins  to  acquire  new  life  and  vigor;  it 
bursts  its  imprisonment,  and  comes  forth  a  but- 
terfly, with  wings  tinged  with  the  most  beautiful 
colors.  It  mounts  the  air,  it  ranges  from  flower 
to  flower,  and  seems  to  rejoice  in  its  new  and 
splendid  existence.  IIow  very  different  does  it 
appear  in  this  state,  from  what  it  did  in  the  pre- 
ceding stages  of  its  existence!  How  unlikely  did 
it  seem,  that  a  rough,  hairy,  crawling  worm,  which 
lay  for  such  a  length  of  tiine,  in  a  death-like  tor- 
por, and  enshrouded  in  a  ttnib,  should  be  reani- 
mated, as  it  were,  and  changed  into  so  beautiful 
a  form,  and  indued  with  such  powers  of  rapid 
motion !  Perhaps  the  change  to  be  effected  on  the 
bodies  of  men,  at  the  general  resurrection,  may 
not  be  greater,  nor  more  wonderful  in  its  nature, 
than  are  the  changes  which  take  place  from  the 
first  to  the  last  stage  of  a  caterpillar's  existence. — 
In  such  transformations,  then,  we  behold  a  lively 
representation  of  the  death  and  resurrection  of  a 
righteous  man.  "A  little  while  he  shall  lie  in  the 
ground,  as  the  seed  lies  in  the  bosom  of  the  earth; 
but  he  shall  be  raised  again,  and  shall  never  die 
any  more." 

There  is  another  illustration,  taken  from  a  con- 
sideration of  the  chemical  changes  of  matter, 
which  has  a  still  more  direct  hearing  on  the  doc- 
trine of  a  resurrection.  We  know,  that  sub- 
stances which  are  invisibly  incorporated  with  air, 
water,  and  other  fluids,  and  which  seem  to  be  de- 
stroyed, may  be  made  to  reappear  in  their  original 
form  by  the  application  of  certain  chemical  re- 
agents." For  example,  put  a  small  piece  of  solid 
camphor  into  a  vial  half  filled  with  alcohol  or  spi- 
rit of  wine — in  a  short  time  the  camphor  will  be 
dissolved  in  the  fluid,  and  the  spirit  will  be  as 
transparent  as  at  first.  If  water  be  now  added,  it 
will  unite  with  the  ardent  spirit,  and  the  camphor 
will  be  separated  and  fall  to  the  bottom  of  the 
pial.  In  this  way  the  camphor  rnay  be  nearly  all 
recovered  as  at  first;  and,  by  distillation,  the  alco- 
hol may  also  be  separated  from  the  water,  and  ex- 
hibited in  a  separate  state.  I  have  already  noticed 
that  carbon^  which  forms  an  essential  part  of  all 
animal  and  vegetable  substances,  is  found  to  be 
not  only  indestructible  by  age,  but  in  all  its  com- 


binations, which  are  infinitely  diversified,  it  still 
preserves  its  identity.  In  the  state  of  carbonic 
acid,  it  exists  in  union  with  earths  and  stones  in 
unbounded  quantities;  and,  though  buried  for 
thousands  of  years  beneath  immense  rocks,  or  in 
the  center  of  mountains,  it  is  still  carbonic  acid: 
for  no  sooner  is  it  disengaged  from  its  dormitory, 
than  it  rises  with  all  the  life  and  vigor  of  recent 
formation,  not  in  the  least  impaired  by  its  torpid 
inactivity  during  the  lapse  of  ages.  The  beams 
of  the  theater  at  Herculaneum  were  converted  into 
charcoal  (which  is  one  of  the  compounds  of  car- 
bon), by  the  lava  which  overflowed  that  eity  du- 
ring an  eruption  of  mount  Vesuvius;  and,  during 
the  lapse  of  1700  years,  the  charcoal  has  remained 
as  entire  as  if  it  had  been  formed  but  yesterday, 
and  it  will  probably  continue  so  to  the  end  of  the 
world.  In  addition  to  these  facts,  it  may  be  stated 
that  provision  has  been  made  for  the  restoration 
of  the  fallen  leaves  of  vegetables  which  rot  upon 
the  ground,  and  to  a  careless  observer,  would  ap- 
pear to  be  lost  forever.  It  has  been  shown  by  ex- 
periment that,  whenever  the  soil  becomes  charged 
with  such  matter,  the  oxygen  of  the  atmosphere 
combines  with  it,  and  converts  it  into  carbonic 
acid  gas.  The  consequence  of  which  is,  that  this 
very  same  carbon  is,  in  process  of  time,  absorbed 
by  a  new  race  of  vegetables,  which  it  clothes  with 
a  new  foliage,  and  which  is  itself  destined  to  un- 
dergo similar  putrefaction  and  renovation  to  the 
end  of  time.* 

These  facts,  and  others  of  a  similar  description, 
which  might  have  been  stated,  demonstrate,  that 
one  of  the  constituent  parts  of  animal  bodies  re- 
mains unalterably  the  same  amidst  all  the  revolu- 
tions of  time,  and  all  the  changes  and  decomposi- 
tions which  take  place  in  the  system  of  nature; 
and,  consequently  that  though  human  bodies  may 
remain  in  a  state  of  putrefaction  for  ages,  in  the 
earth  and  in  the  waters,  yet  their  component  parts 
remain  unchanged,  and  in  readiness  to  enter  into 
a  new  and  more  glorious  combination,  at  the  com- 
mand of  that  Intelligence,  to  whom  all  the  prin- 
cipfes  of  nature,  and  all  their  diversified  changes, 
are  intimately  known;  and  whose  power  is  able 
to  direct  their  combinations  to  the  accomplishment 
of  his  purposes. — Though  such  considerations  as 
these  may  have  no  weight  on  certain  unreflecting 
minds,  that  never  met  with  any  difficulties  in  the 
economy  either  of  Nature  or  of  Redemption — 
yet  the  man  of  deep  reflection,  who  has  frequently 
had  his  mind  distracted  with  the  apparent  impro- 
bability of  the  accomplishment  of  certain  divine 
declarations,  will  joyfully  embrace  such  facts  in 
the  economy  of  nature,  as  a  serisible  support  to  his 
fiiith  in  the  promises  of  his  God;  and  will  resign 
his  body  to  dust  and  putrefaction,  in  the  firm' hope 
of  emerging  from  the  tomb  to  a  future  and  more 
glorious  transformation. 

IV. — The  Discoveries  of  Science  tend  to  illustrate 
the  Doctrine  of  the  General  Conflagration. 

We  arc  informed,  in  the  Sacred  Oracles,  that  a 
period  is  approaching,  when  "  the  elements  shall 
melt  with  fervent  heat,  and  the  earth,  and  the 
works  that  are  therein,  shall  be  burned  up." 
Science  has  ascertained  cenain  facts  in  the  con- 
stitution of  nature,  which  lead  us  to  form  some 
conception  of  the  manner  in  which  tin's  awful 
catastrophe  may  probably  be  effected,  and  also  of 
the  ease  with  which  it  maybe  accomplished, when 
the  destined  period  shnll  have  arrived.  It  waa 
formerly  slated  (pp.  32, 10.5),  that  the  atmosphere, 

*  Parke's  Chemical  Calbecism,  p.  266,  and  the  additional 

Notes, 
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or  the  air  wo  breathe,  is  a  compound  substance, 
composed  of  two  very  different  and  opposite  prin- 
(!iples,  termed  oxygen  and  nitrogen.  Tlie  oxygen, 
which  forms  about  a  fifth  part  of  the  atmospliere, 
fe  now  ascertained  to  be  tlie  principle  of  flame:  a 
lighted  taper,  immersed  in  this  gas,  burns  with  a 
brilliancy  too  great  for  the  eye  to  bear;  and  even 
a  rod  of  iron  or  steel  is  made  to  blaze  under  its 
energy. 

The  modern  infidel,  like  the  scoffers  of  old, 
scouts  the  idea  of  the  dissolution  of  the  world,  and 
of  the  restitution  of  the  universe,  because  all 
things  continue  as  they  were  from  the  beginning 
of  the  creation;  not  knowing  the  Scriptures,  nor 
the  Power  of  God;  and  not  considering  the  prin- 
ciples and  facts  in  the  system  of  nature,  which 
indicate  the  possibility  of  such  an  event.  But, 
from  the  fact  now  stated,  we  may  learn,  how 
easily  this  efTect  may  be  accomplished,  even  in 
conformity  with  those  laws  which  now  operate  in 
tlie  constitution  of  our  globe.  For,  should  the 
Creator  issue  forth  his  Almighty  fiat — "Let  the 
nitrogen  of  the  atmosphere  be  completely  sepa- 
rated from  the  oxygen,  and  let  the  oxygen  exert  its 
native  energies  without  control,  wherever  it  ex- 
tends;"— from  what  we  know  of  its  nature,  we 
are  warranted  to  conclude,  that  instantly  a  uni- 
versal conflagration  would  commence  throughout 
all  the  kingdoms  of  nature — not  only  wood,  coals, 
sulphur,  bitumen,  and  other  combustible  sub- 
stances, but  even  the  hardest  rocks  and  stones, 
and  all  the  metals,  fossils,  and  minerals,  and  water 
itself,  which  is  a  compound  of  two  inflammable 
substances,  would  blaze  with  a  rapidity  which 
would  carry  destruction  through  the  whole  ex- 
panse of  the  terraqueous  globe,  and  change  its 
present  aspect  into  that  of  a  new  world: — at  the 
same  time,  all  the  other  laws  of  nature  might  still 
operate  as  they  have  hitherto  done  since  the  crea- 
tion of  the  world. 

I  do  not  mean  positively  to  assert,  that  this  is 
the  agent  which  the  Almighty  will  certainly  em- 
ploy for  accomplishing  this  terrible  catastrophe 
(though  I  think  it  highly  probable),  since  Lifinite 
Power  is  possessed  of  numerous  resources  for  ac- 
complishing its  objects,  which  lie  beyond  the 
sphere  of  our  knowledge  and  comprehension.  But 
I  have  brought  forward  this  fact,  to  show  with 
what  infinite  ease  this  event  maybe  accomplished, 
when  Almighty  Power  is  interposed.  By  means 
of  the  knowledge  we  have  acquired  of  the  consti- 
tution of  the  atmosphere,  and  by  the  aid  of  chem- 
ical apparatus,  we  can  perform  experiments  on  a 
small  scale,  similar  in  kind,  though  infinitely  infe- 
rior in  degree,  tpo  the  awful  event  under  considera- 
tion. And,  therefore,  we  can  easily  conceive  that 
He  who  formed  the  expansive  atmosphere  which 
surrounds  us,  and  who  knows  the  native  energy 
of  its  constituent  principles,  may,  by  a  simple  vo- 
lition, make  that  invisible  fluid,  in  a  few  mo- 
ments, the  cause  of  the  destruction  of  the  present 
constitution  of  our  world,  and,  at  the  same  time, 
the  means  of  this  subsequent  renovation.  For, 
as  fire  does  not  annihilate,  but  only  changes  the 
forms  of  matter,  this  globe  on  which  we  now 
tread,  and  which  bears  the  marks  of  ruin  and  dis- 
rupture  in  several  parts  of  its  structure,  may  come 
forth  from  the  flames  of  a  general  conflagration, 
purified  from  all  its  physical  evils,  adorned  with 
new  beauties  and  sublimities,  and  rendered  a  fit 
habitation  for  pure  intelligences,  either  of  our  own 
species  or  of  another  order.  F«r  though  "the 
heavens,"  or  the  atmosphere,  "shall  be  dissolved, 
and  the  elements  melt  with  fervent  heat;"  "yet," 
says  the  apostle  Peter,  "  we,  according  to  his 
promise,  look  for  new  heavens  and  a  new  earth, 


wherein  dwelleth  righteousness."  Whether,  after 
being  thus  renovated,  it  shall  be  allotted  as  the  res- 
idence of  the  redeemed  iniiabitants  of  our  world, 
is  beyond  our  province  at  present  to  determine. 
But  if  not,  it  will,  in  all  probability,  be  allotted  as 
the  abode  of  other  rational  beings,  who  may  bo 
transported  from  other  regions,  to  contemplate  a 
new  province  of  the  Divine  empire,  or  who  may 
be  immediately  created  for  the  purpose  of  taking 
possession  of  this  renovated  world.  For  we  have 
reason  to  believe  that  the  energies  of  Creating 
Power  will  be  continually  exerted,  in  replenishing 
the  boundless  universe,  throughout  all  the  ages 
of  infinite  duration;  and  that  no  substances,  or 
worlds,  which  God  has  created,  will  ever  be  suf- 
fered to  fall  into  annihilation — at  least,  that  the 
original  atoms  of  matter  will  never  be  destroyed, 
whatever  new  forms  they  may  assume,  and  how- 
ever varied  the  combinations  into  which  they  may 
enter. 

The  above  are  only  a  few  examples  out  of 
many  which  were  intended  to  be  specified,  of  the 
illustrations  which  the  system  of  nature  affords 
of  the  doctrines  ar.d  facts  of  Revelation,  but  tho 
narrow  limits  of  this  volume  prevent  further  en- 
largement. 

It  was  also  intended  to  follow  up  the  preceding 
discussions  with  particular  illustrations  of  the  fol- 
lowing to])ics: — l"he  views  which  science  affords 
of  the  incessant  energies  of  Creating  Power — the 
changes  and  revolutions  which  appear  to  have 
happened,  and  which  are  still  going  on  in  the  dis- 
tant regions  of  the  universe,  as  tending  to  amplify 
our  views  of  the  grand  and  multifarious  objects  over 
icldch  Divine  Providence  presides — the  connection 
of  science  with  a  future  state — the  aids  which  the 
discoveries  of  science  afford,  in  enabling  us  to 
form  a  conception  of  the  scenes  of  future  ftlicity 
— of  the  employments  of  the  heavenly  inhabit- 
ants, and  of  their  perpetual  advances  in  knowledge 
and  happiness,  and  in  their  views  of  the  perfec- 
tions of  Deity* — the  moral  relations  of  intelligent 
hcings  to  their  Creator,  and  to  each  other;  and  the 
physical  grounds  or  reasons  of  those  moral  laws 
which  the  Deity  has  promulgated,  for  regulating 
the  conduct,  and  for  promoting  the  harmony  and 
order  of  intelligent  agentsf — illustrations  of  the 
allusions  of  the  Sacred  writers  to  the  system  of 
the  material  world — the  simultaneous  progress  of 
science  and  religion,  considered  as  an  evidence  of 
the  connection  of  the  one  with  the  other — the 
moral  effects  of  the  study  of  science  in  connection 
with  religion — replies  to  objections  and  insinua- 
tions which  have  been  thrown  out  against  the  idea 
of  combining  the  discoveries  of  Science  with  the 
discoveries  of  Revelation,  &-c.  But,  as  illustra- 
tions of  these,  and  various  other  topics  connected 
with  them,  would  occupy  several  hundreds  of 
pages,  they  must,  in  the  meantime,  be  postponed.l 


*  Several  of  these  subjects,  along  with  many  others,  are 
fully  illustrated  in  the  author's  volume,  entitled,  "  Tlie  Phi- 
losophy of  a  Future  State." 

t  These  anfl  a  variety  of  kiniired  topics  are  illustrated  s 
consiiletable  length  in  iiiy  work  entitled  "  T/if  Pliito^opliu  f 
Religion:  or,  an  illustration  of  the  Moral  Laws  of  the  Uni- 
verse, on  the  principles  of  reason  and  Divine  Revelation'—- 
in  which  an  oriirinal  and  popular  train  of  thought  is  prosecn- 
ted,  and  tlie  different  topics  are  enlivened  with  illustrative 
facts  derived  from  the  scenery  of  nature  and  the  moral  his- 
tory of  mankind. 

t  Several  of  the  topics  alluded  to  in  this  paragrapli  wi'.l  l-e 
found  more  or  less  illustrated  in  the  author's  vnhimes,  e.Tti- 
tied  "  Celestial  Scenery" — and  "The  Sidereal  Heavens" — in 
which  "  the  incessant  energies  of  Creating  Power" — the 
changes  ami  revolutions  which  have  happened  and  are  stilJ 
going  forward  in  the  distant  regions  of  the  universe — the 
doclrine  of  a  plurality  of  worlds — and  many  other  kindred 
topics,  are  particularly  elucidated. 


CHAPTER  V. 


BENEFICIAL  EFFECTS  WHICH  MIGHT  RESULT  TO  CHRISTIAN  SOCIETY,  FROM 
CONNECTING  THE  DISCOVERIES  OF  SCIENCE  WITH  THE  OBJECTS  OF  RE- 
LIGION. 


I — The  VARIETY  OF  TOPICS  icluch  toould  be  intra-  j 
duced  into  Christian  Instructions,  hy   connect-  \ 
ing  them  with  the  manifestations  of  Deity  in  the 
system  of  Nature,  would  have  a  TENOExcy  to 

AJ.LURE    THE  ATTENTION    OF    THE    YOUNG    TO  RELI-  j 

Gious  SUBJECTS,  and  to  afford  Mental  Entertain- 
ment, and  Moral  Instruction,  to  intelligent  minds 
of  every  description.  | 

Novelty  and  varie"  v  appear  to  be  essentially  re-  | 
quisite  in  order  to  rouse  tiie  attention,  not  only  of  j 
the  more  ig;norant,  but  even  of  the  more  intelii-  ! 
gent  class  of  mankind,  and  to  excite  them  to  make 
progress   in    the   path   of   intellectual  and   moral 
improvement.     The  principle  of  curiosity,  which 
appears  at  a  very  early  period  of  life,  and  which  ; 
variegated  scenery  and  novel  objects  tend  to  sti- 
mulate and  to  gratify — so  far  from  being  check-  | 
ed  and  decried,  in  a  religious  point  of  view,  as  j 
some  have  been  disposed  to  do,  ought  to  be  en-  | 
couraged  and  cultivated  in  the  minds  both  of  the  , 
old  and  of  the  young.     As  it  is  a  principle  which  | 
God  himself  luis  implanted  in  our  natures,   for  j 
wise  and  important  purposes,  it  requires  only  to  [ 
be  chastened,  and  directed  in  a  proper  channel,  in  j 
order  to  become  one  of  the  most  powerful  auxi-  | 
liaries  in  the  cause  of  religion,  and  of  intellectual  | 
improvement.     To  gratify  this  princi[)le,  and  to 
increase  its  activity,  the  Creator  has  adorned  our 
globe  with   a  combination   of  beauties   and  sub- 
limities, strewed  in  endless  variety  over  all  its  dif- 
ferent regions.     The  hills  and  dales,  the  mountains 
and  plains;    the  seas,   the  lakes,   the  rivers;    the 
islands  of  every  form    and  size  which    diversify 
the  surface  of  the  ocean;  the  bays,  the  gulfs,  and 
peninsulas;  the  forests,  the  groves,  the  deep  dells, 
and  towering  cliffs;  the  infinite  variety  of  trees, 
plants,  flowers,  and  vegetable  productions  of  every 
hue,  so  profusely  scattered  over  the  face  of  nature; 
the  diversified  productions  of  the  mineral  king- 
dom; the  variegated  coloring  spread  over  the  face 
of  nature;  together  with  tlie  many  thousands  of 
different  species  of  animated   beings  which   tra- 
verse  the  air,   the  waters,  and  the   earth — afford 
so  many  stimuli  to  rouse  this  principle  into  exer- 
cise, and  to  direct  the  mind  to  the  contemplation 
of  the  Creator.     And,  as   the  earth  displays  an 
endless  diversity  of  objects,  so  the  heavens,  in  so 
far  as  they  have  been  explored,  exiiibit  a  scenery 
both  grand  and  variegated.     There  is  not  a  planet 
in  the  Solar  System  but  differs  from  another,  in 
its   magnitude,   in  its  distance   from   the   central 
luminary  about  which  it  revolves,  in  the  velocity 
of  its  motion,  in  the  extent  of  the  circle  it  de- 
scribes around  the  sun,  in  the  period   of  time  in 
which  its  revolution  is  completed,  in  its  rotation 
round  its  own  axis,  in  the  number  of  moons  with 
which  it  is  attended,  in  the  inclination  of  its  axis 
to  the  plane  of  its  orbit,  and   the  diversity  of  sea- 
eons  which  results  from  this  circumstance;  in  the 
density  of  its  atmosphere,  and  the  various  appear- 
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ances  which  diversify  its  surface.  And,  if  we 
were  favored  with  a  nearer  view  of  these  majestic 
orbs,  we  should,  doubtless,  behold  a  similar  variety 
in  every  part  of  their  internal  arrangements. — • 
The  surface  of  the  moon  presents  a  variegated 
prospect  of  mountains  and  vales,  but  so  very  dif- 
ferent in  their  form,  position,  and  arrangement, 
from  what  obtains  on  the  surface  of  our  globe, 
that  it  would  exhibit  a  scenery  altogether  new 
and  uncommon  to  an  inhabitant  of  tliis  world, 
were  he  placed  on  the  surface  of  thut  planet 
Every  comet  too  is  distinguished  from  another,  by 
its  magnitude,  the  extent  of  its  atmosphere,  the 
length  of  its  blazing  tail,  the  rapidity  of  its  mo- 
tion, and  the  figure  of  the  curve  it  describes 
around  the  sun.  With  regard  to  the  fixed  stars, 
which  are  distributed,  of  every  size,  and  in  every 
direction,  through  the  immensity  of  space,  our 
senses  as  well  as  the  declaration  of  an  inspired 
writer,  convince  us,  that  in  point  of  brilliancy, 
color,  motion,  and  magnitude,  "  one  star  differeth 
from  another  star  in  glory."  Almost  every  Ne- 
bula of  the  3000  which  have  been  discovered,  dif- 
fers from  another  in  its  figure,  extent,  brightness, 
and  general  appearance ;  and  the  motions  of 
double  and  treble  stars,  as  to  the  periods  of  their 
revolutions,  are  as  diversified  as  tho?e  of  the 
l)lanets — some  of  them  revolving  around  tlieir 
centers  in  .'^0  or  40  years,  others  requiring  400, 
and  even  I  GOO  years  to  finish  their  circuits — some 
of  them  diffusing  a  bluish  light,  others  a  red,  and 
others  a  brilliant  white. 

And  as  the  system  of  nature  in  all  its  parts, 
presents  a  boundless  variety  of  scenery,  to  arouso 
the  attention,  and  to  gratify  the  desire  for  novelty, 
so  the  revelation  of  God,  contained  in  the  Sacred' 
Records,  displays  a  diversified  combination  of  the 
most  sublime  and  interesting  subjects  and  events. 
Were  we  to  form  an  opinion  of  the  compass  of 
Divine  Revelation,  from  the  range  of  subjects  to 
which  the  minds  of  some  professing  Christians 
are  confined,  it  might  all  be  comprehended  within 
the  limits  of  five  or  six  chapters  of  the  New  Tes- 
tament; and  all  the  rest  might  be  thrown  aside, 
as  a  dead  weight  upon  the  Christian  system.  But 
here,  as  in  all  the  other  displays  of  the  Almighty, 
Divine  Perfi-ction  and  Providence  are  exhibited  in 
the  most  diversified  aspects.  Here  we  have  re- 
corded a  history  of  the  creation  and  arrangement 
of  our  globe — of  the  formation  of  the  first  human 
pair — of  their  primeval  innocence,  temptation, 
and  fall — of  the  arts  which  were  cultivated  in  tha 
first  ages  of  the  world — of  the  increase  of  human 
wickedness — of  the  building  of  the  ark — of  the 
drowning  of  the  world  by  auniversal  deluge — of 
the  burning  of  Sodom  by  fire  from  the  clouds — 
of  the  origin  of  languages — of  the  dividing  of  the 
Red  sea — of  the  journeying  of  the  tribes  of  Israel 
through  the  deserts  of  Arabia — of  their  conquest 
of  the  promised  land,  and  their  wars  with  the  na- 
tions of  Canaan — of  the  corporeal  translation  of 
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Elijali  from  earth  to  heaven — of  the  manifestation 
of  the  Son  of  (Jod  in  liuman  flesh,  the  beuevoleni 
miracles  he  performed,  and  the  triumphs  he  ob- 
tained over  all  the  powers  of  hell  and  earth. — We 
arc  liere  presented  with  the  most  interesting  and 
affective  narratives,  elegies,  dramatic  poems,  and 
triumphal  songs, — Viith  views  of  society  in  the 
earliest  ages  of  tiie  world,  when  the  lives  of  men 
were  prolonged  to  nearly  a  thousand  years, — with 
splendid  miracles  performed  in  the  land  of  Egypt, 
in  the  wilderness  of  Horeb,  and  in  the  "  field  of 
Zoan,"  when  "the  sun  and  moon  stood  still  in 
their  habitation;"  when  the  waters  of  the  great 
deep  were  divided,  and  mountains  shook  and 
trembled  "at  the  presence  of  Jehovah," — with 
tlie  glorious  marching  of  a  wliole  nation  through 
tile  Arabian  deserts,  under  the  guidance  of  a 
miraculous  \n\\-dr  of  cloud  and  fire, — with  the 
visits  of  celestial  messengers,  and  the  visible 
symbols  of  "  a  present  Deity," — with  jirophetical 
delineations  of  the  present  and  future  con(!ition 
of  the  race  of  Adam,  with  descriptions  of  the 
Power,  Wisdom,  Love,  and  Majesty  of  the  Al- 
mighty, and  of  liis  operations  in  Heaven  and 
Earth, — witli  the  results  and  bearings  of  the 
Economy  of  Redemption, — with  Divine  Songs, 
Odes,  and  Hymns,  composed  by  angels  and  in- 
spired men, —  with  maxims  of  moral  wisdom, 
examples  of  sublime  eloquence,  of  strength  of 
reasoning,  and  of  manly  boldness  of  reproof — 
with  Proverbs,  Parables,  Allegories,  Exhortations, 
Promises,  Threatenings,  and  Consolatory  Ad- 
dresses,— In  short,  we  have  here  detailed,  in  the 
greatest  variety — History,  Antiquities,  Voyages, 
i'ravels.  Philosophy,  Geography,  Natural  and 
Moral  Science,  Biography,  Arts,  Epic  Poetry,  Epis- 
tles, Memoirs,  Delineations  of  Nature,  Sketches 
of  Human  Character,  Moral  Precepts,  Prophesies, 
Miracles,  Narrations,  Wonderful  Providences, 
Marvelous  Deliverances,  the  Phenomena  of  the 
Air,  the  Waters,  and  the  Earth;  the  Past,  the  Pre- 
sent, and  the  Future  Scenes  of  the  World — all 
blended  together  in  one  harmonious  system,  with- 
out artificial  order,  but  with  a  mJijesty  and 
grandeur,  corresponding  to  the  style  of  all  the 
other  Works  of  God,  and  all  calculated  to  gratify 
the  principle  of  curiosity — to  convey  "  reproof, 
correction,  and  instruction  in  righteousness,"  aiid 
"to  make  the  man  of  God  perfect, and  thoroughly 
furnished  to  every  good  work." 

And  as  the  scenes  of  Nature,  and  the  scenes  of 
Revelation,  are  thus  wonderfully  diversified,  in 
order  to  excite  the  attention  of  intelligent  beings, 
and  to  gratify  the  desire  for  variety,  so  we  have 
every  reason  to  believe,  that  the  scenes,  objects, 
and  dispensations  which  will  be  displayed  in  the 
heavenly  world,  will  be  incomparably  more  grand 
and  diversified.  When  we  consider  the  innnensity 
of  God's  Universal  Kingdom,  and  the  numerous 
systems,  and  worlds,  and  beings  comprehended 
within  its  vast  circumference,  and  that  the  energies 
of  Creating  Power  may  be  forever  exerted  in 
raising  new  worlds  into  existence — we  may  rest  as- 
sured, that  the  desire  of  variety  and  of  novelty  in 
holy  intelligences,  will  be  completely  gratified 
throughout  an  endless  succession  of  existence; 
and  that  the  most  luxuriant  imagination,  in  its 
boldest  excursions,  can  never  go  beyond  the  real- 
ity of  those  scenes  of  diversified  grandeur  which 
the  Heaven  of  heavens  will  d'spl^iy. 

Now,  since  the  Book  of  Nature  and  the  Book 
of  Revelation,  since  all  the  manifestations  of  the 
Creator  in  heaven  and  earth,  are  characterized  by 
their  sublime  and  diversified  aspect — we  would 
ask,  why  should  we  not  be  imitators  of  God,  in 
Uisplaying  the  diversified  grandeur  of  his  King- 


dom of  Providence  and  of  Grace  before  the  n  iruis 
of  those  whom  we  profess  to  instruct?  V\liy 
should  we  confine  our  views  to  a  few  |>oiiits  in 
the  Christian  system,  to  a  few  stones  in  tin;  fabric  of 
the  Divine  operations,  when  "a  wide  and  unbound- 
ed prospect  lies  before  us?"  Why  should  we  not 
rather  attempt  to  rouse  the  moral  and  intellfctual 
energies  of  mankind,  from  the  pulpit,  from  the 
press,  in  the  school-room,  and  in  the  fan:ily  circle, 
by  exiiibiting  the  boundless  variety  ol  asp'ct 
which  the  Revelations  of  Heaven  present,  and  the 
holy  tendencies  of  devout  contem[)lation  on  the 
W(5rks  and  the  Ways  of  God — that  they  may 
learn,  with  intelligence,  to  "meditate  on  all  the 
worls«  of  the  Lord,  and  to  talk  oi' all  his  (icings?" 
— By  enlarging  and  civersifying  the  topics  ol'  re- 
ligious discussion,  according  to  the  views  now 
stated,  we  have  it  in  our  power  to  spread  out  an 
intellectual  feast  to  allure  and  to  gratify  every 
variety  of  taste,  —  the  young  and  the  old,  the 
learned  and  the  unlearned,  yea,  even  the  careless 
and  the  ignorant,  the  skeptical  and  the  (iissi])ated, 
might  frequently  be  allured  by  the  selection  of  a 
judicious  variety  of  striking  and  im;)iessivp  b- 
jfCts  and  descriptions,  to  partake  of  those  mental 
enjoyments  which  might  ultimately  issue  in  the 
happiest  results.  The  man  of  an  inquisitive  turn 
of  mind,  who  now  throws  aside  everything  that 
has  the  appearance  of  religion,  on  accmnit  nf  its 
dullness,  miglit  have  his  curiosity  gratified  amidst 
such  a  variety  as  that  to  which  I  allude;  and.  from 
perceiving  the  bearing  of  every  discussion  on  the 
great  realities  of  religion  and  a  future  state,  might 
be  led  to  more  serious  inquiries  after  the  path 
that  leads  to  immortality.  In  a  word,  to  associate 
and  to  amalgamate,  as  it  were,  the  arts  and 
sciences,  and  every  department  of  useful  know- 
ledge with  Divine  subjects,  is  to  consecrate  them 
to  their  original  and  legitimate  ends,  and  to  pre- 
sent religion  to  the  eyes  of  men  in  its  most  sub- 
lime, and  comprehensive,  and  attractive  form, 
corresponding  to  what  appears  to  be  the  design 
of  the  Creator,  in  all  the  manifestations  he  has 
given  of  himsplf,  in  the  System  of  Nature,  in  the 
operations  of  Providence,  and  in  the  Economy  of 
Redemption. 

II. — By  connecting  Science  wiih  Relvjion.  Christian 
would  be  enabled  to  take  an  extensive  survey  of 
THE  Kingdom  of  God. 

How  very  narrow  and  limited  are  the  views  of 
most  professors  of  religion  respecting  the  univer- 
sal Kingdom  of  Jehovah,  and  the  range  of  his 
operations!  The  views  of  some  individuals  are 
confined  chiefly  within  the  limits  of  their  own 
parish,  or  at  farthest,  extend  only  to  the  blue 
mountains  that  skirt  their  horizon,  and  ft>ini  the 
boundary  of  their  sight.  Witiiin  this  narrow 
circle,  all  their  ideas  of  God,  of  religion,  and  of 
the  relations  of  ijiteliigeut  beings  to  each  other, 
are  chiefly  confined:  'J'here  ai'e  othei's,  who  form 
an  extensive  class  of  our  population,  whose  ideas 
are  confined  nearly  to  the  county  in  which  they 
reside,  and  to  the  adjicent  districts;  and  there  are 
few,  comparatively,  whose  ^-iews  exteirl  beyond 
the  confines  of  the  kingdom  to  which  they  belong 
— though  the  whole  island  in  which  wo  reside  is 
less  than  the  two-thousandth  part  of  the  globe  wo 
inhabit.  Of  the  vast  extent  of  this  earthly  ball, 
of  its  figure  and  motions,  of  its  continents,  seas, 
islands,  and  oceans;  of  its  volcanoes  and  ranges 
of  mountains,  of  its  numerous  and  diversified 
climates  and  landscapes;  of  the  various  nations 
and  tribes  of  mankind  that  people  its  surface,  and 
of  the  moral  government  of  God  respecting  them, — 
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they  are  almost  as  completely  ignorant  as  the 
untutored  Greenlander,  or  the  roving  savago. — 
With  regard  to  the  objects  wliich  lio  beyond  the 
boundary  of  our  world,  tliey  have  no  precise  and 
definite  conceptions.  When  the  moon  is"  walk- 
ing in  brightness"  through  tlie  heavens,  they 
take  the  advantage  of  her  light  to  prosecute  their 
journeys;  and,  when  the  sky  is  overcast  with 
clouds,  and  they  are  anxious  to  travel  a  few  iiiiles 
to  their  destined  homes,  they  will  lift  up  their 
eyes  to  the  heavens  to  see  if  any  of  t!ic  stars  are 
twinkling  through  the  gloom,that  their  footsteps 
may  be  directed  by  their  glimmering  rays.  T3e- 
yond  tliis  they  seldom  soar.  What  may  be  the 
nature  of  the  vast  assemblage  of  shining  points 
which  adorn  the  canoj)y  of  tJieir  habitation,  and 
the  ends  they  are  destined  to  accomplish  in  the 
plan  of  the  Creator's  operations,  they  consider  as 
uo  part  of  their  province  to  inquire. 

"  Their  mind?,  fair  Science  never  taught  to  stray 
Far  as  the  Solar  Worlds,  or  Milky  Way." 

How  very  different  in  point  of  variety,  of 
grandeur,  and  of  extent,  are  the  views  of  the  man 
who  connects  all  the  diiferent  departments  of 
knowledge,  and  tlie  discoveries  of  science,  with 
his  prospects  of  God's  Universal  Dominions  and 
Government!  With  his  mental  eye  he  can  tra- 
verse the  different  regions  of  the  earth,  and  pene- 
trate into  the  most  distant  and  retired  recesses 
where  human  beings  liave  their  residence.  He 
oan  contemplate  and  adore  the  conduct  of  Divine 
Sovereignty,  in  leaving  so  many  nations  to  grope 
amidst  ilie  darkness  of  Heathen  idolatry, — he  can 
trace  the  bnuns  of  the  Sun  of  Righteousness,  as 
they  gd-adually  arise  to  illtrmine  the  benighted 
tribes  of  men, — he  can  direct  his  prayers,  with 
intelligenc;  and  fervor,  in  behalf  of  particular 
kindreds  and  people, — lie  can  devise,  with  juclcr- 
meut  and  discrimination,  schemes  for  carryino- 
the  "  salvation  of  God"  into  effect, — he  can  re'^ 
alize,  in  so'.ne  measure,  to  his  mental  sight,  the 
glorious  and  happy  scenes  which  will  be  displayed 
in  the  future  agf^s  of  time,  when  "  the  kingdoms 
of  this  world  shall  become  the  kingdoms  of  our 
Lord,  and  of  his  Christ,"  and  when  the  "  ever- 
lasting gospel"  shall  be  published,  and  its  bk'ss- 
iugs  distributed  among  all  who  dweU  upon  the 
face  of  the  earth.  He  can  bound  from  this 
earth  to  the  planetary  worlds,  and  survey  far 
more  spacious  globes,  peopled  with  a  hisjlier 
order  of  intf^lligences,  arranged  and  superintended 
by  the  same  Almighty  Sovereign,  who  "dotli  ac- 
cording to  his  will  among  the  inhabitants  of  the 
oarth."  He  can  wing  his  way  beyond  the  visible 
region  of  the  sky,  until  he  find  himself  surrounded 
on  every  hand  with  suns  and  systems  of  worlds, 
rising  to  vi"w,  in  boundless  perspective,  through- 
out the  tracts  of  immensity — diversified  with 
scenes  of  magnificence,  and  with  beings  of  every 
order — all  under  the  government  and  the  wise 
direction  of  Him  who  "rules  among  the  armJes 
of  heaven,"  and  who  "preserveth  tliem  all,"  and 
whom  the  "host  of  heaven  worship"  and  adore.  He 
can  soar  bi-yond  them  all  to  the  Throne  of  Gol, 
where  angels  and  archangels,  cherubim  and  sera- 

fhim,  celebrate  the  praises  of  their  Sovereign 
-ord,  and  stand  ready  to  announce  his  will  by 
their  rapid  flight  to  the  most  distant  provinces  of 
his  empire.  Ho  can  descend  from  that  loft\'  emi- 
nence to  this  terrestrial  world,  allotted  for  his 
temporary  abode,  and  survey  anotlier  unbounded 
province  of  the  empire  of  God,  in  those  living 
worlds  which  lio  hid  from  the  unassisted  sight, 
and  which  the  microscope  alone  can  descry.  He 
can  here  perceive  the  same  Hand  and  Intelligence 


which  direct  the  rolling  worlds  above,  and  mar- 
shal all  the  angelic  tribes — organizing,  arranging, 
and  governing  the  countless  niyriads  of  animated 
existence  which  people  the  surface  of  a  muddy 
pool.  He  can  speed  his  course  from  one  of  ihejo 
departments  of  Jehovah's  kingdom  to  another, 
until,  astonished  and  overv/helined  with  the  order, 
the  grandeur,  and  extent  of  the  wondrous  scene, 
he  is  constrained  to  exclaim, — "Great  and  mar- 
velous are  thy  works,  Lord  God  Almighty  ! " 
"Thine  understanding  is  infinite!"  The  limits 
of  thy  dominions  are  "past  finding. out!" 

By  taking  such  extensive  surveys  of  the  empir* 
of  Jehovah,  we  are  enabled  to'perceive  the  spirit 
and  references  of  those  sublime  passages  in  the 
sacred  writings  which  proclaim  the  majesty  of 
God  and  tiie  glory  of  his  kingdom.  Such  pas- 
sages are  diffusely  scattered  througji  the  inspir;'d 
volume,  and  have  evidently  an  extent  of  r^'ferenco 
far  bej'ond  what  is  genesally  conceived  by  th« 
great  mass  of  the  Christian  world.  The  following 
may  suffice  as  a  specimen: — 

"Tliine,  0  Lord!  is  the  greatness  and  the  glorv, 
and  the  majesty;  for  all  in  heaven  and  earth  is 
tliine!  Thine  is  the  kingdom,  O  Lord!  Thou 
art  exalted  above  all,  thou  reignest  over  all,  and 
in  thine  Innid  is  power  and  migiit. — Behold,  the 
heaven  and  the  heaven  of  he;ivens  is  'Jie  Lord's; 
the  earth  also,  with  all  that  therein  is. — Ascribe 
ye  greatness  to  our  God;  for  there  is  none  like 
unto  the  God  of  Israel,  who  rideth  upon  the  hea- 
vens in  his  strength,  and  in  his  excellency  in  the 
sky.  Thou,  even  thou  art  Lord  alone;  thou  hast 
made  heaven,  the  heaven  of  heavens,  with  all 
their  host;  the  earth  and  all  things  that  are 
therein;  the  sea  and  all  that  is  therein;  and  thou 
preservest  them  all,  and  the  host  of  heaven  wor- 
shi])oth  thee. — He  divided  the  sea  by  his  power; 
by  his  spirit  he  hath  garnished  the  heavens:  Lo! 
these  are  only  parts  of  his  ways;  but  how  ittle  a 
portion  is  heard  of  him,  and  the  tiiunder  of  his 
power  who  can  understand  J  The  Lord  hath 
prepared  his  throne  in  the  heavens,  and  his  king- 
dom ruleth  over  all. — 0  Lord  our  God!  how  ex- 
cellent is  thy  name  in  all  the  earth!  who  hast  set 
thy  glory  above  the  heavens.  When  I  consider 
thy  Itoavens,  the  work  of  thy  fingers,  the  moon 
and  the  stars  which  tliou  hast  ordained;  what  is 
man  that  tliou  art  mindful  of  him! — His  kingdom 
is  an  everlasting  kingdom;  honor  and  majesty  are 
before  him;  all  the  inhahiianis  of  the  earth  are  re- 
puted as  tmihiiii/  in  his  sight,  and  he  dotii  accord- 
ing to  his  will  in  the  armies  of  heaven  and  among 
the  inhabitants  of  the  earth. — He  measures  the 
waters  in  the  hollow  of  his  hand;  he  metelh  out 
heaven  with  a  span,  and  comprehendeth  the  dust 
of  the  cartli  in  a  measvire. — He  sitt2th  upon  the 
circle  of  tlie  earth,  and  the  inhabitants  thereof  are 
as  grasshoppers. — I  have  made  the  earth  and  cre- 
ated man  upon  it ;  I,  even  my  hands,  have 
stretched  out  the  heavens,  and  all  their  host  have 
I  commanded. — The  Most  High  dwelleth  not  in 
temples  made  with  hands;  for  the  heaven  is  liis 
throne  and  the  earth  is  his  footstool.  With  God 
is  awful  majesty.' — Great  things  doth  He  which 
we  cannot  comprehend;  yea,  the  liord  sitteth 
King  forever. — Praise  ye  the  Lord  in  the  heavens; 
praise  him  in  the  hights:  praise  him,  all  his 
angels;  praise  ye  him,  a!!  his  hosts.  Praise  him, 
sun  and  moon;  praise  him,  all  ye  stars  of  light; 
praise  him,  ye  heaven  of  heavens.  Praise  him, 
ye  icings  of  the  earth,  and  all  people,  princes, 
and  juciges  of  the  earth;  both  young  men  and 
maidens;  old  men  and  children — let  them  praise 
the  name  of  the  Lord;  for  his  name  alone  is  ex- 
cellent, his  glory  is  above  tlie  earth  and  heaven ' 
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These  sublime  descriptions  of  the  supremacy' 
of  God  and  of  tiie  grandeur  of  his  kingdom,  must 
convince  every  reflecting  mind  of  the  inconceiva- 
ble Tnagnificeiice  and  extent  of  tliat  dominion 
"which  ruleth  over  all."  It  is  quite  evident  that 
Tve  can  uever  enter,  with  intelligence,  into  the 
full' import  and  the  grand  reference  of  such  ex- 
alted language  employed  by  inspired  writers, 
unless  we  talie  into  view  all  the  discoveries  which 
science  has  made,  botli  in  the  earth  and  in  the 
heavens,  respecting  the  variety  and  extent  of  the 
dojninions  of  the  Creator.  If  the  "kingdom  of 
the  Most  High"  were  as  limited  in  its  ninge  as 
most  Cliristiuns  seem  to  conceive,  such  descrip- 
tions uiight  be  consiJered  as  mere  hyperboles  of 
bombast,  or  extravagant  declamation,  which  far 
excL-ed  the  bounds  of  "truth  alid  soberness."  But 
we  are  certain  that  the  conceptions  and  the  lan- 
guage of  mortals  can  never  go  beyond  the  reality 
of  what  actually  exists  vs^itliiu  the  boundless  pre- 
cincts of  Jehovah's  empire;  for  "who  can  utter 
the  mig!;ty  acts  of  the  Lord?"  or  "who  can 
show  forth  all  his  praise?"  The  language  and 
di^scriptions  to  vviiich  we  have  now  adverted  seem 
to  iiave  had  a  prospective  reference  to  later  and 
more  enlightened  times,  when  more  extensive 
prospocts  of  God's  dominions  would  be  opened  up 
by  the  exertions  of  the  human  intellect.  And 
Were  we  to  search  all  the  records  of  literature,  in 
ancient  or  modern  times,  we  should  find  no  de- 
scriptions nor  language  of  such  a  dignified  nature 
as  to  express  the  views  and  feelings  of  an  en- 
lightened Christian  philosopher,  when  he  contem- 
plates the  sublimity  and  extent  of  Divine  opera- 
tions— except  those  which  are  to  be  found  in  the 
inspired  volume — the  strength,  and  majesty,  and 
comprehension  of  which  no  human  language  can 
ever  exceed. 

•Again,  by  familiarizing  our  minds  to  such  ex- 
tended prospects  of  God's  univeisal  kingdom,  we 
shall  be  qualified  and  disposed  to  comply  with  the 
injunctions  of  Scripture,  which  represent  it  as  an 
imperious  duty  to  communicate  to  the  minds  of 
others  such  elevated  conceptions.  This  duty  is  en- 
joined in  numerous  passages  of  sacred  Scripture, 
particularly  in  the  book  of  Psalms:  "Declare  his 
glory  among  the  heathen,  and  his  wonders  among 
all  people. — I  will  extol  thee,  my  God,  O  King. — 
One  generation  shall  praise  thy  works  to  another, 
and  shall  declare  thy  mighty  acts. — I  will  speak 
of  the  glorious  honor  of  thy  majesty,  and  of  thy 
wondrous  works — And  men  shall  speak  of  the 
might  of  thy  terrible  acts,  and  shall  declare  thy 
greatness.  All  thy  works  shall  praise  thee,  0 
Lord;  and  thy  saints  shall  bless  thee.  They  shall 
speak  of  the  glory  of  thy  kingdom,  and  talk  of  thy 
power;  to  make  known  to  the  sons  of  men  thy 
mighty  acts,  and  the  glorious  majesty  of  thy  king- 
domP'*  When  we  look  around  us  in  the  world, 
and  in  the  visible  church,  and  mark  the  concep- 
tions and  the  conversation  of  the  members  of  re- 
ligious societies,  we  need  scarcely  say  how  little 
this  ennobling  duty  is  attended  to  by  the  mass  of 
tliose  who  bear  the  Christian  name.  We  hear 
abundance  of  idle  chat  about  the  fashions  and  the 
politics  of  the  day;  about  balls,  horse-races,  court 
etiquette,  theatrical  amusements,  contested  elec- 
tions, the  squabbles  of  corporations,  sectarian  con- 
tentions, and  ecclesiastical  feuds.  We  listen  to 
eslanderous  conversation,  and  hear  abundance  of 
mean,  and  base,  and  uncharitable  insinuations 
against  our  neighbors;  which  indicate  the  opera- 
tion of  malice,  hatred,  euvy,  and  other  malignant 


•  Psalm  cxlv.  and  xtvi.  3, 4. 


dispositions.  We  spend  whole  hours  iu  boisterou? 
disputations  about  nu^taphysical  subtletli-s  in  re- 
lijiion,  and  questions  "which  gender  .suite  rather 
than  godly  edifying:"  but  "  to  speak  of  tiie  glory 
of  God's  kingdom,  and  to  talk  of  his  'power,'" 
with  the  view  of  "making  known  to  the  sous  of 
men  his  mighty  works,"  is  a  duty  which  remains 
yet  to  be  learned  by  the  majority  of  those  who 
prollss  the  religion  of  Jesus.  Even  sincere  Chris- 
tians, while  "  taking  sweet  counsel  together," — 
when  conversing  about  the  love  of  Christ,  and 
"  the  deep  things  of  God,"  and  when  endeavoring 
to  cheer  each  other's  spirits  with  the  comforts  of 
religion — seldom  or  never  advert  to  the  visible 
works  of  God,  and  the  displaj's  of  his  power  and 
beneficence,  as  manifested  in  creation,  Irora  which 
they  might  derive  additional  comfort  and  support 
to  their  faith,  hope,  and  joy,  and  juore  expansive 
views  of  the  perfections  and  character  of  their 
Father  and  their  friend.  And  how  can  they  be 
supposed  to  be  qualified  to  enter  into  the  spirit  of 
such  exercises,  and  to  proclaim  to  others"  the  glo- 
rious majesty  of  God's  kingdom,"  unless  such  sub- 
jects be  illustrated  in  minute  detail,  and  proclaimed 
with  becoming  energy,  both  from  the  pulpit  and 
from  the  press?  These  pov.'erful  engines,  wheL 
conducted  with  judgment  and  discrimination,  are 
capable  of  producing  on  the  mass  of  mankind  a 
tone  of  thinking  and  an  enlargement  of  concep- 
tion on  such  subjects  which  no  other  means  can 
easily  effect;  and  it  is  to  be  hoped  that  more  pre- 
cise and  luminous  details,  and  more  vigor  and  an- 
imation will  soon  be  displayed  in  this  respect  than 
in  the  ages  that  are  past. 

There  is  a  certain  principle  of  selfishness  which 
pervades  the  minds  of  many  professed  religionists, 
which  leads  them  to  conclude  thai,  if  they  can 
but  secure  their  own  personal  salvation,  they  need 
give  themselves  no  trouble  about  the  glory  and 
extent  of  the  kingdom  of  the  Most  High.  "What 
need  we  care,"  say  they,  "  about  nations  in  tho 
far-di3tant  parts  of  the  world,  and  about  the  pla- 
nets and  the  stars?  our  business  is  to  attend  to  the 
spiritual  interests  of  our  souls."  Such  persons 
seem  neither  to  understand  in  what  salvation  real- 
ly consists,  and  what  is  conducive  to  their  spirit- 
ual interests,  nor  to  appreciate  those;.  teii;pers  and 
habits  which  will  qualify  them  for  ttie  enjoyment 
of  eternal  life.  It  forms  but  a  very  tlcnder  evi- 
dence of  their  possessing  anj'  spark  of  Christiani- 
ty at  all,  if  they  wish  to  rest  satisfied  with  tho 
most  vague  and  groveling  conceptions,  and  if 
they  do  not  ardently  aspire  after  a  more  erdarged 
view  of  the  attributes  of  God,  and  the  glory  of 
his  empire,  and  of  whatever  may  tend  to  expand 
their  conceptions  of  the  "  inheritance  of  the  saints 
in  light."  We  have  often  been  astonished  at  tho 
opinions  of  some  of  those  who  move  iu  a  liigher 
•sphere  of  intelligence,  who  seem  to  coiudder  it  as 
a  matter  oi  pure  indifference  whether  or  not  Ciiris- 
tians  should  attain  to  the  highest  conception  in 
their  power  of  the  God  whom  they  worship,  and 
of  his  boundless  dominions;  because  they  con- 
ceive that  such  views  are  not  essentially  connect- 
ed with  salvation!  But  we  would  ask  such  per- 
sons how  they  came  to  know  that  such  views  are 
not  connected  with  salvation  I  Though  they  may 
not  have  been  essential  to  the  salvation  of  iiien  in 
the  dark  ages  that  are  past,  or  to  obscure  tribes  of 
people  at  present,  who  have  no  access  to  the  proper 
sources  of  inforuiation,  yet,  since  God,  in  the 
course  of  his  providence,  which  guides  all  human 
iiiventions  and  discoveries,  has  disclosed  to  us  a 
far  more  expansive  view  of  the  "glory  of  his 
kingdom,''  than  former  ages  could  obtain,  for  the 
purpose  of  illustrating  the  revelations  of  his  word, 
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who  will  dare  to  assert  that  the  man  who  has  ac- 
cess, by  his  studious  efforts,  to  contemplate  tliis 
wondrous  scene,  and  to  display  its  grandmir  to 
others,  and  yet  willfully  shuts  liis  eyes  on  the  di- 
vine glory  therein  displayed,  does  not  thereby 
hazard  the  Divine  displeasure?  In  this  point  of 
view,  the  following  passage  deserves  a  serious  con- 
sideration: "  because  they  regard  not  the  works 
of  the  Lord,  nor  the  operations  of  his  hands,  he 
fihail  destroy  them,  and  not  build  them  up."  We 
have  no  hesitation  in  admitting  that  persons  may 
have  obtained  salvation  who  never  saw  more  of 
the  sacred  writings  than  what  is  contained  in  the 
gospel  of  Mark,  or  in  one  of  Paul's  epistles;  but 
what  should  we  say  of  tiie  man  who  had  access 
to  all  the  revelations  of  heaven  we  now  possess, 
and  yet  confined  his  attention  solely  to  a  chapter 
or  two  in  the  New  I'estainent,  and  would  not 
deign  to  look  into  any  other  part  of  the  inspired 
volume?  We  should  not  hesitate  at  once  to  pro- 
nounce that  such  a  person  was  grossly  deficient 
in  his  duty,  and  devoid  of  that  reverence  and  sub- 
mission which  are  due  to  the  oracles  of  God. — And 
if  it  be  admitted  that  the  person  who  has  access  to 
the  Bible,  TJud  who  refuses  to  peruse  its  important 
contents,  is  guilty  of  a  criminal  neglect,  we  do 
not  see  how  the  man  who  has  free  access  to  the 
other  volume  of  God's  revelation,  and  views  it  as 
a  matter  of  mere  indifference  whether  he  look 
into  it  or  not,  can  be  deemed  in  this  respect  en- 
tirely innocent.  If  it  be  understood  that  we  shall 
be  judged  according  to  the  light  and  privileges  we 
enjoy,  and  the  use  we  make  of  them  in  our  im- 
provement in  the  knowledge  of  God — we  would 
deem  it  a  hazardous  position  for  any  one  to  sup- 
port, "  That  inattention  to  tlie  visible  glories  of 
the  kingdom  of  God,  and  to  the  '  declaration  of  his 
wonders  among  the  people,'  is  a  matter  either  of 
indifference  or  of  trivial  importance." 

For,  let  it  be  considort-d  further,  that  on  the 
extent  of  our  vieics  respecting  the  universal  kin</doin 
of  God,  depends  our  conceptions  of  the  majvstij  and 
glory  of  the  Creator  hivtself.  We  become  acquaint- 
ed with  the  nature  of  God  only  in  so  far  as  he 
has  manifested  himself  to  us  by  external  opera- 
tions,* and  in  so  far  as  we  form  just  conceptions 
of  these  operations.  If  we  conceive  his  empire 
as  included  within  the  bounds  of  eighty  or  ninety 
thousand  miles,  our  conceptions  of  the  .Sovereign 
of  that  empire  will  be  circumscribed  within  near- 
ly the  same  limits.  The  mind  of  every  reasona- 
ble man  must  indeed  admit  the  abstract  proposi- 
tion, "  That  the  Divine  Being  is  infinite,  and 
consequently  fills  all  space  with  his  presence." — 
But  this  infinity,  in  our  view,  is  nothing  more 
than  a  vague  conception  of  empty  space,  extending  a 
little  UHiy  beyond  the  sphere  of  his  visible  operations. 
The  mind  must  have  some  material,  visible,  or 
tangible  objects  to  rest  upon,  and  to  guide  it  in 
its  excursions  when  it  would  attempt  to  form  the 
most  definite  and  comprehensive  conceptions  of 
an  infinite,  eternal,  and  invisible  existence.  For, 
however  much  we  may  talk  about  purely  spiritual 
ideas,  it  is  quite  evident,  from  the  nature  of  things, 
and  from  the  very  constitution  of  man,  that  we 
can  have  no  ideas  at  all  without  the  intervention 
of  sensible  objects.  And  therefore,  if  we  would 
wish  to  form  the  most  sublime  conceptions  of 
God  himself,  we  must  endeavor,  in  the  lirst  place, 
to  take  the  most  extensive  views  which  science 
and  revelation  exhibit  of  his  vast  dominions.  We 
must  endeavor  to  form  some  adequate  idea  of  the 


*  H<>re  1  include  the  manifestation  of  Deity  as  ex- 
hibned  both  in  Uivine  Eeveliition  and  in  the  system  of 
Nature. 


wide  extent  of  the  globe  on  which  we  dwell,  its 
diversified  scenery,  and  the  nuui'.-rou.s  tiibes  of 
human  beings  and  other  animated  existences,  visi- 
ble and  invisible,  which  peojile  its  diil'erejit  pro- 
vinces. We  must  explore  the  vast  regions  of  the 
planetary  system,  and  compare  the  bulk  of  the 
earth,  large  as  it  is,  with  some  of  thoso  more 
magnificent  globes  which  would  contain  wiUiia 
their  circumference  a  thousand  worlds  as  large  as 
ours.  We  must  next  wing  our  way,  in  imagina- 
tion, over  a  sjjace  which  a  cannon  byll,  flying  five 
hundred  miles  every  hour,  would  not  traverse  in 
ten  hundred  thousand  years,  until  we  arrive  at 
the  nearest  fixed  stars,  and  find  ourselves  in  the 
center  of  thousands  of  systems  and  worlds,  ar- 
ranged at  immeasurable  distances  i'rojn  one  an- 
other. We  must  pass  from  oui-  nebula,  or  cluster 
of  systems,  to  another;  continuing  our  excur- 
sions as  far  as  the  eye  or  the  telescope  can  direct 
our  view;  and,  when  the  aid  of  artiliciul  instru- 
ments begins  to  fail,  our  imagination  must  still 
take  its  liiglit  fur  beyond  the  boundaries  of  mortal 
vision,  and  add  system  to  system,  and  nebula  to 
nebula,  through  the  boundless  regions  of  spi\ce, 
until  we  arrive  at  the  grand  center  of  the  uni- 
verse, the  Throne  of  God,  around  which  all 
worlds  and  beings  revolve,  where  "  thousands  of 
thou.sands"  of  bright  intelligences  "minister  to 
Him,  and  ten  thousand  limes  ten  thousand  stand 
before  Him." — We  must  consider  all  tliis  magni- 
ficent assemblage  of  objects,  not  merely  as  so 
many  masses  of  inert  matter,  or  as  a  grand  raree- 
show,  to  dazzle  the  eyes  of  a  few  hundreds  of  hu- 
man spectators,  —  but  as  destined  for  purposes 
worthy  of  the  plans  and  the  intelligence  of  Him 
who  is  "the  only  wise  God," — as  peopled  with 
numerous  orders  of  intelligent  beings,  whoso 
physical  and  moral  economy  is  superintended  and 
directed  by  Him  who,  at  the  same  time,  lules 
aiuidst  the  tumults  of  human  revolutions,  and 
governs  the  living  myriads  which  people  a  drop 
of  water. 

In  this  way,  then,  do  we  come  to  acquire  the 
most  extensive  views  of  the  amplitude  and  glory 
of  the  kingdom  of  the  Most  High;  and  it  is  only 
by  the  same  process  of  thought  that  we  can  ever 
attain  the  most  ex;dted  conceptions  ol  the  attri- 
butes of  its  Almighty  Sovereign.  For  our  views 
of  the  Sovereign  of  the  universe  must  always  cor- 
respond with  our  views  of  the  extent  and  magni- 
ficence of  those  doirdnions  which  sprungfrom  his 
Creating  Hand,  and  over  which  he  every  moment 
presides.  His  essence  must  forever  remain  im- 
perceptible to  finite  minds;  for  He  is  "  the  King 
Eternal,  Immortal,  and  Invisible,  dwelling  in  that 
Light  which  no  man  can  approach  unto,  whom  no 
man  hath  seen,  or  can  see."  From  his  nature,  as 
a  spiritual  uncompounded  substance, and  from  his 
immensity,  as  filli:ig  infinite  space  with  liis  pres- 
ence, it  appears  impossible,  in  the  very  nature  of 
things,  that  the  glory  of  his  perfections  can  be 
displayed  in  any  other  way  than  through  the  me- 
dium "of  the  visible  operations  of  his  hands,  or  in 
the  dispensations  of  his  providence  toward  par- 
ticular worlds  or  classes  of  intelligences.  And  if, 
in  the  future  world,  the  souls  of  good  men  shall 
enjoy  a  more  glorious  display  than  at  present  of 
the  attributes  of  Deity,  it  will  be  owing  chiefly  to 
their  being  placed  in  more  favorable  circumstances 
than  they  now  are  for  contemplating  this  display; 
to  their  faculties  being  more  invigorated;  and 
every  physical  and  moral  impediment  to  their  ex- 
ercise being  completely  removed;  so  as  to  enable 
them  to  perceive  more  clearly  than  they  now  do 
the  nnbouuded  displaj'S  he  has  given  of  his  infi- 
nite Power,  Wisdom,  and  Benevolence.     And,  if 
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we  expect  to  be  introduced  to  this  state  of  enlarged 
vision  when  we  pass  from  the  scenes  of  mortalitj^, 
it  cannot  be  a  matter  of  mere  indifference,  even 
now,  whether  or  not  our  minds  be  prepared  for 
such  exalted  employments,  by  endeavoring  to  form 
the  most  ample  conceptions  of  the  attributes  of 
God  wiiich  can  be  obtained  through  the  medium 
of  his  Word,  and  by  a  contemplation  of  the  va- 
riety and  magnificence  of  his  Works. 

In  the  prospect  of  that  world  where  we  iiope  to 
spend  an  interminable  existence,  it  must  also  be 
interesting  to  ascertain,  whether  or  not  the  do- 
minions of  the  universal  Sovereign  present  sucli 
an  extent  of  empire,  and  such  a  variety  of  objects, 
that  new  scenes  of  wonder  and  glory  may  be  ex- 
pected to  be  displayed  in  continual  succession,  for 
the  contemplation  and  entertainment  of  holy  be- 
ings, while  eternal  ages  are  roiling  on.  And,  on 
this  point,  the  discoveries  of  science  '  onfirm  and 
illustrate  the  notices  of  heavenly  glciy  and  felici- 
ty recorded  in  the  inspired  Volume,  and  lead  us  to 
rest  with  full  assurance  on  the  prophetic  decla- 
ration, that  "  eye  hath  not  seen,  nor  ear  heard, 
nor  hath  it  entered  into  the  heart  of  man  to  con- 
ceive, the  things  which  God  hath  prepared  for 
tliem  that  love  him." 

III. — Bij  convec.tinq  the  Discoveries  of  Science  rciih 
Relir/ion,  the  minds  of  Christians  rmuld  be  enabled 
to  take  a  more  minute  and  comprehensive  survey 
of  the  OPERATIONS  OF  Providence. 

Providence  is  that  superintendence  anc  care 
which  God  exercises  overall  creatures  and  events, 
in  order  to  accomplish  the  eternal  purposes  of  his 
will.  In  Creation,  God  brought  the  universe  out 
of  nothing,  and  arraneced  all  its  provinces  and  in- 
labitants  into  due  order.  By  his  Providence,  he 
upports  and  governs  all  the  movements  of  the 
material  system,  and  the  sensitive  and  rational 
Deings  with  which  it  is  peopled.  It  is  evident, 
that,  in  proportion  as  our  views  of  the  Creator's 
Dominions  are  extended,  our  views  of  his  Provi- 
dence will,  to  a  certain  extent,  be  proportionably 
enlarged.  For,  wherever  worlds  and  beings  ex- 
ist, there  will  God  be  found  preserving,  superin- 
tending, and  governing  the  movements  of  all 
creatures  and  events.  It  is  chiefly,  liowever,  in 
the  world  in  which  we  reside,  that  the  diversified 
dispensations  of  Providence  can  be  distinctly 
traced.  Now,  an  acquaintance  with  the  promi- 
nent parts  of  the  different  branches  of  knowledge 
to  which  I  have  already  adverted,  would  enable  us  to 
take  a  particular  and  comprehensive  view,  not  only 
of  the  ways  of  God  to  man,  but  also  of  his  ar- 
rangements in  reference  to  all  subordinate  crea- 
tures and  events. 

From  the  Inspired  History  of  the  Old  Testa- 
ment, we  can  trace  the  prominent  lines  of  the  dis- 
pensations of  God  toward  man,  particularly  in 
regard  to  the  Israelites  and  the  surrounding  na- 
tions— from  the  Creation  to  a  period  about  400 
years  before  the  coming  of  Christ.  But  in  order 
to  perceive  the  further  progress  and  bearings  of 
/  these  lines  until  the  commencsment  of  the  New 
Testament  economy,  we  must  have  recourse  to 
the  most  authentic  records  of  profane  history. 
From  the  era  of  the  birth  of  Christ  to  near  the 
close  of  the  first  century,  we  can  acquire,  from 
the  Evangelists,  and  the  History  of  the  Apostles, 
a  particular  account  of  the  life  of  Christ,  of  the 
events  which  preceded  and  accompanied  the  fin- 
ishing of  the  work  of  redemption,  and  of  the  pro- 
gress of  the  Gospel  through  Jndea,  and  the  adja- 
cent countries.  But,  after  this  period,  we  have  no 
inspired  guide  to  direct  us  in  tracing  the  Divine 


dispensations  toward  the  various  nations  of  the 
earth;  and  therefore  we  must  have  recourse  to  the 
annals,  memoirs,  chronicles,  and  other  records  of 
the  history  of  nations,  down  to  tiie  ])eriod  in  which 
we  live;  otherwise  we  could  never  contemplate 
the  continued  series  of  events  in  tiie  Divine  econ- 
omy toward  the  inhabitants  of  our  world.  Un- 
less men  of  learning  and  of  observation  had  re- 
corded the  prominent  facts  which  have  occurred  in 
the  hi:;tory  of  nations,  for  1700  years  past,  we 
must  have  remained  almost  as  ignorant  of  the  dis- 
pensations of  God  toward  our  race,  during  that 
period,  as  the  inhabitants  of  the  planet  Saturn; 
and  unless  we  study  the  events  thus  recorded  iu 
the  writings  of  the  historian,  and  contemplate 
their  various  aspects  and  hearings  in  the  light  of 
Divine  Revelation,  we  must  still  remain  ignorant 
of  the  grand  movements  and  tendencies  of  Divine 
Providence.  This  single  circumstance  shows,  in 
the  clearest  light,  that  fit  is  the  intention  of  God, 
that  we  should  learn  the  operations  of  his  Provi- 
dence from  the  researches  of  Science  and  of  His- 
tory, as  well  as  from  the  records  of  Revelation; 
and  that  the  Scriptures,  though  they  contain  every 
supernatural  discovery  requisite  to  our  happiness, 
are  not  of  themselves  sufficient  to  present  us  with 
a  connected  view  of  the  prominent  dispensations 
of  Heaven,  from  the  Creation  to  the  period  iu 
which  we  live. 

From  the  science  of  Geography,  we  acquire  a 
knowledge  of  the  extent  of  the  surface  of  the 
earth — of  the  various  tribes  of  human  inhabit- 
ants witn  winch  it  is  peopled — of  the  physical 
aspect  of  the  different  climates  they  inhabit — of 
their  arts,  manners,  customs,  laws,  religion,  vices, 
wars,  and  ])olitical  economy:  and,  consequently, 
we  can,  in  these  and  similar  respects,  trace  some 
of  the  aspects  of  Divine  Providence  toward  them 
in  relation  to  their  present  and  future  condition. 
From  the  same  source,  we  learn  the  number  of 
human  beings  which  the  Governor  of  the  world 
has  under  his  direction  at  one  time,  which  is 
nearly  a  thousand  millions,  or  about  four  hundred 
times  the  number  of  the  inhabitants  of  Sc  tland. 
From  the  data  afforded  by  this  science,  ^^e  may 
also  form  an  estimate  of  the  number  of  disembo- 
died spirits  that  have  passed  from  this  world  since 
the  creation,  and  are  now  under  the  superinten- 
dence of  the  Almighty  in  the  invisible  state,  which 
cannot  be  much  less  than  145,000  millions;  and, 
on  similar  grounds,  we  may  also  learn  the  number 
of  rational  beings  that  are  coming  forward  into 
existence,  and  passing  into  the  eternal  world  every 
day,  wliich  is  at  least  68,000,  and  consequently 
nearly  50  during  each  passing  minute, — every  in- 
dividual of  which  the  Supreme  Disposer  of  events 
superintiMids  at  his  entrance  into  life;  and,  at  his 
departure  from  it,  directs  to  his  respective  and 
eternal  state  of  destination.  Hence  it  follows, 
that,  could  we  take  a  view  of  the  whole  system 
of  animation  on  our  globe  with  tlie  eye  of  Om- 
niscience, or  even  with  tlie  penetrating  glance  of 
an  angelic  being,  we  should  behold  every  hour, 
thousands  of  human  and  other  animated  beings 
incessantly  emerging  into  existence,  and  thou- 
sands, at  the  same  time,  departing  into  an  unseen 
world,  under  a  vast  diversity  of  circumstances; 
and  th.is  succession  and  exit  of  human  beings  will 
incessantly  go  forward  from  age  to  age,  until  all  the 
designs  of  Providence  in  relation  to  onr  world  be 
fully  accomplished.  All  which  circumstances, 
and  many  others  of  a  similar  kind,  must  be  taken 
into  account,  in  order  to  our  forming  a  compre- 
hensive conception  of  the  numerous  bearings, 
and  the  incessant  agency  of  a  Superintending 
Providence. 
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From  Natural  History,  we  learn  the  immense 
number  and  variety  of  the  subordinate  tribes  of 
animated  beings  which  inhabit  tlie  different 
regions  of  earth,  air,  and  sea — tlieir  economy  and 
instincts — their  modes  of  existence,  and  the  man- 
ner in  which  i\vi  Creator  provides  for  their  vari- 
ous necessities.  From  an  acquaintance  with  tlie 
History  of  the  Arts  and  Mechanical  Inventions,  we 
learn  the  giadual  manner  in  which  God  directs 
the  moveni'Mits  of  tlie  human  mind,  in  making 
those  improvements  and  discoveries  wiiich  have  a 
bearing  upon  the  accomplishment  of  his  eternal 
plans  of  mercy,  and  which  tend  to  enlarge  our 
views  of  the  amplitude  and  the  glories  of  his 
kingdom. — From  Natural  Philosophy  and  Chemis- 
try, wc  learn  the  secondary  causes  or  subordinale 
laws  by  which  the  Almighty  supports  and  directs 
the  natuial  constitution  of  the  world — the  won- 
derful mariner  in  which  our  lives  are  every  mo- 
ment supported — and  the  agencies  by  which  tire, 
air,  light,  iieat,  and  fertility  arc  distributed  through 
the  globe,  for  promoting  the  comfort  and  happi- 
ness "  of  everything  that  lives." — From  Anato?ny 
nnd  Physiology,  we  learn  how  "  fearfully  and 
wonderfully  we  are  made  and  preserved" — that 
our  health  and  comfort  depend  upon  the  regular 
action  of  a  thousand  organical  parts  and  functions 
over  which  we  have  no  control — and  that  our 
very  existence  every  moment  is  dependent  on 
the  superintendence  of  a  Superior  Power,  "  in 
whose  hand  our  breath  is,  and  whose  are  all  our 
ways." 

By  an  occasional  study,  then,  of  the  subjects  to 
which  we  have  now  alluded,  we  might  gradually 
expand  our  conceptions  of  the  range  and  opera- 
tions of  Divine  Providence.  Every  geographical 
exploration  of  a  new  region  of  the  globe — every 
scientific  improvement  and  discovery — every  use- 1 
ful  invention — every  eruption  of  a  volcano — every 
shock  of  an  earthquake — every  hurricane,  and 
storm,  and  tempest — every  battle  of  the  warrior — 
every  revolution  among  the  nations — and  every 
detail  in  the  newspapers  we  daily  read,  would  lead 
us  to  form  some  conceptions  of  the  providential 
purposes  of  Him  who  is  the  Supreme  Disposer  of 
all  events. — Even  the  arrangements  of  Divine 
Wisdom,  with  regard  to  the  economy  of  the  lower 
animals,  ought  not  to  be  overlooked  in  such  a 
survey.  When  we  consider  the  immense  num- 
ber and  variety  of  animated  beings--that  there 
are  600  species  of  quadrupeds,  evc'y  species  con- 
taining, perhaps,  many  millions  of  individuals; 
4000  species  of  birds,  3000  speries  of  fisiies;  700 
species  of  reptiles;  and  44,000  different  kinds  of 
insects,  beside  many  thousands  of  species  alto- 
gether invisible  to  t'ne  unassisted  sight — when  we 
consider  that  the  structure  and  organization  of  all 
these  different  species  are  diirerent  from  each 
other,  and  exactly  adapted  to  their  various  situa- 
tions and  modes  of  existence,  and  that  their  mul- 
tifarious wants  in  regard  to  food  and  habitation, 
are  all  provided  for,  and  amply  supplied  by  Him, 
who,  at  the  same  time,  arranges  and  governs  the 
affairs  of  ten  thousand  worlds — we  must  be  lost 
in  astonishment  at  the  greatness  of  the  Intelli- 
gence which  formed  them,  and  at  the  exuberance 
of  that  bounty  which  spreads  so  full  a  table  for  so 
Immense  an  assemblage  of  living  beings  !  And 
vi'ere  we  transported  to  other  worlds,  we  should, 
doubtless,  behold  still  more  ample  displays  of  Di- 
vine Beneficence. 

We  are  here  presented  with  a  striking  commen- 
tary on  such  passages  of  the  Sacred  Volume  as 
these:  "  The  eyes  of  all  look  unto  thee,  0  Lord! 
and  thou  givest  them  their  meat  in  due  season. 
Thou  openest  thy  hand  liberally,  and  salisfiest  the  I 


desire  of  every  living  thing.  The  earth  is  full  of 
thy  riches,  O  Lord!  so  is  the  great  and  wide  sea, 
wherein  are  things  creeping  innumerable,  both 
great  and  small  beasts.  These  all  wait  upon  thee, 
and  thou  givest  them  their  meat  in  due  seasou 
That  which  thou  givest  them  they  gather:  '^I'hou 
openest  thine  hand,  they  are  filled  with  good."— 
"0  Lord,  thou  preserves!  man  and  bi-asi!  How 
excellent  is  thy  loving-kindness!  Therefore  the 
cliildren  of  men  shall  put  their  trust  under  tho 
shadow  of  thy  wings.  Tliey  shall  be  abundantly 
satisfied  with  the  fatness  of  thy  house"*  (of  the 
table  thou  hast  spread  in  thy  world  for  all  thine 
offspring),  "and  thou  shall  make  tliem  drink  of 
the  river  of  thy  pleasures."  One  excellent  prac- 
tical effect  which  might  flow  from  such  contem- 
plations would  be  to  inspire  us  with  feelings  of 
humanity  toward  the  inferior  order  of  animals, 
and  to  prev  "^nt  us  from  wantonly  and  uunecessa- 
rily  torturing,  or  depriving  tiiem  of  existence. 
For,  since  the  Creator  and  Preserver  of  all  has  so 
curiously  organized  their  bodies,  and  fitted  them 
for  the  different  regions  in  which  tlioj'  reside,  and 
so  carefully  provided  for  all  their  wants,  it  must 
be  His  will  that  they  should  enjoy  happiness  ac- 
cording to  the  extent  of  their  capacities;  and, 
therefore,  they  ought  to  be  considered  as  neces- 
sary parts  of  our  sublunary  system. — Another 
practical  lesson  we  may  derive  from  such  surveys, 
is,  to  place  an  unshaken  dependence  upon  God 
for  our  temporal  subsistence,  while  we,  at  the 
same  time,  exert  all  our  faculties  in  the  line  of 
active  duty.  "  Blessed  is  the  man  who  trusteth  in 
him;  for  there  is  no  want  to  them  that  fear  him. 
The  young  lions  may  suffer  hunger,  but  they  that 
fear  the  Lord  shall  not  want  any  good  thing." — 
He  who  decks  the  lily  of  the  vale,  and  spreads  out 
a  plentiful  table  to  the  fowls  of  heaven,  to  tho 
beasts  of  the  forest,  to  the  creeping  insect,  and 
even  to  the  microscopic  animalcule,  will  never 
fail  to  supply  the  necessary  wants  of  those  who 
"do  His  will,  and  hearken  to  the  voice  of  His 
commandments."  And  if  at  any  time  we  be 
found  destitute  of  daily  food,  and  pining  away  in 
pejiury  and  squalid  disease,  we  have  too  much 
reason  to  conclude,  that  in  one  way  or  another, 
either  our  deviation  from  the  path  ol  rectitude,  or 
our  distrust  of  Divine  Providence,  or  our  want  of 
prudence  and  economy,  has  procured  for  us  these 
things. 

I  have  said,  that  it  is  chiefly  in  the  world  in 
which  we  dwell  that  the  dispensations  of  Provi- 
dence can  be  distinctly  traced.  But  we  must, 
nevertheless,  admit,  that  the  care  and  superinten- 
dence of  God  are  as  minutely  exercised  in  the 
distant  regions  of  the  universe,  as  in  our  terres- 
trial sphere;  though  we  are  not  permitted,  at  pre- 
sent, to  inspect  the  particular  details  of  His  proce- 
dure in  reference  to  other  orders  of  intelligences. 
We  are  not,  however,  altogether  ignorant  of 
some  ])rominent  features  of  the  physical  and 
moral  economy  ol  otlier  worlds,  in  consequence 
of  the  discoveries  ot   .lodern  astronomical  science. 

With  respect  to  their  physical  economy,  we  be- 
hold a  striking  variety  in  the  Divine  arrangements 
We  perceive  one  planetary  world  surrounded  by 


*  Tliis  and  several  other  similar  passages,  may  be  consid 
ered  as  more  especiHlly  applicable  to  the  bounty  of  Provi 
deuce  which  God  has  provided  for  all  his  creatures.  Th« 
])r<ictice  of  spiriluiilizing  such  passages,  as  it  is  termed, 
has  a  tendency  to  caricature  Scripture,  and  to  twist  it  from 
its  precise  and  sublime  references,  to  accord  with  the  vaguo 
fancies  of  injudicious  minds.  The  liternl  meaning  of  Scrip, 
ture  is  always  the  most  appropriate,  emphatic,  and  sublime, 
but  it  miiy,  in  some  cases,  be  u<ed  by  way  of  accommoda- 
tion, in  illustrating  divine  subjects  when  it  is  applied  vviUi 
judgment  and  discrimination. 
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two  splendid  and  magnificent  rings,  one  of  them 
804,000,  and  tiie  other  184,000  miles  iu  diameter, 
etretching  across  its  celestiiil  canopy  from  one  end 
of  tlie  lieiivens  to  another — moving  with  majestic 
grandeur  around  its  inhabitants  every  ten  iiours, 
and  uiti'iising  a  ligiit  equal  to  several  thousands  of 
moons  like  ours — wliich  may  be  considered  as  a 
visible  and  permanent  emblem  X)f  the  Majesty  and 
Glory  of  their  Creator.  We  perceive,  connected 
with  the  same  globe,  seven  moons  all  larger  than 
ours,  of  different  magnitudes,  and  placed  at  dif- 
ferent (iistances,  and  revolving  in  dillerent  periods 
of  time  around  that  spacious  world.  The  diver- 
sified aspt^cts  of  these  rings,  as  viewed  from  the 
diflk-rent  regions  of  the  planet  at  different  times, 
and  the  variety  of  appearances  produced  by  the 
alternate  rising,  setting,  culmination,  and  frequent 
eclipses,  and  other  aspects  of  the  moons,  must 
present  to  the  inhabitants  a  very  grand,  and  diver- 
sifieJ,  and  magnificent  scene  of  Divine  operation.* 
Oil  the  other  hand,  we  behold  another  planetary 
globe  destitute  both  of  rings  and  moons,  but 
whicli  has  tlie  starry  heavens  presented  to  view 
nearly  in  the  same  aspect  ia  which  we  behold 
them.  We  perceive  a  third  globe  much  larger 
than  them  both,  capable  of  containing  200  times 
the  number  of  the  inhabitants  of  our  world — ac- 
companied in  its  course  with  four  moons  to 
diffuse  light  in  the  absence  of  the  sun,  and  to 
diversify  the  aspect  of  its  sky.  In  some  of  these 
worlds,  the  succession  of  day  and  night  is  accom- 
plished witliin  the  space  of  ten  liours;  in  others, 
this  revolution  is  not  completed  until  after  the 
lapse  of  tweiity-fonr  hours,  or  of  as'  many  days. 
In  some,  the  days  and  nights  are  nearly  equal  on 
every  part  of  their  surface,  and  they  have  little 
variety  of  seasons;  in  others,  the  variety  in  the 
length  of  the  days  and  the  vicissitudes  of  the  sea- 
eons,  are  nearly  the  sani'i  as  those  we  experience 
in  our  terrestrial  world.  x\round  some,  there 
ippears  a  dense  atmosphere,  while  others  are  en- 
vironed with  atmospheres  more  rare  and  transpa- 
rent. !?ome  moveiin  the  vicinity  of  the  sun,  and 
enjoy  an  abundant  efikix  of  light  and  heat,  while 
others  are  removed  to  the  distance  of  eighteen 
hundred  millions  of  miles  from  that  central  lumi- 
nary. Some  finish  the  revolution  of  their  year  in 
a  few  months;  while  others  require  twelve,  thirty, 
or  even  eighty  of  our  years  to  complete  thtir  an- 
nual round.  iSome  appear  adorned  with  majestic 
mountain  scenery,  and  others  seem  to  have  great 
changes  occasionallj'  taking  place  in  their  atmo- 
spheres, or  on  their  surfaces.  There  are  four 
planetary  bodies  lately  discovered,  which,  there  is 
every  reason  to  believe,  once  formed  the  compo- 
nent parts  of  a  larger  globe;  but,  by  some  mighty 
'■-atastrophe  in  the  dispensations  of  Heaven,  it 
appears  to  have  been  burst  asunder  into  the  frag- 
ments we  now  behold.  If  the  general  proposi- 
tion illustrated  in  Section  II  of  the  preceding 
chapter  be  admitted,  such  a  fact  would  seem  to 
indicate,  that  a  moral  revolution  has  taken  place 
among  the  intelligent  beings  who  had  originally 
been  placed  in  tliose  regions;  and  that  their  fate 
was  involved  in  the  dreadful  shock  which  burst 
asunder  the  globe  they  inhabited,  just  as  the  fate 
cf  the  Antediluvians  was  involved  in  the  shock 
by  which  the  solid  crust  of  our  globe  was  dis- 
rupted, at  the  period  of  the  universal  deluge. 

These  are  some  outlines  in  the  economy  of  Pro- 
vidence which  we  can  trace  with  regard  to  the 
arrangements  of  other  worlds;  but  beyond  such 
general  aspects  we  are  not  permitted  to  penetrate, 
•o  long  as  we  sojourn  in  tabernacles  of  clay.   But 


*  See  the  Frontlipiece,  Fig.  7. 
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even  such  general  views  afford  some  scope  to  th<» 
contemplative  mind,  for  forming  enlarged  concf^p- 
tions  of  the  Grandeur  and  Diversity  of  the  Dis- 
pensations of  God,  in  the  worlds  which  roll  in  the 
distant  regions  of  space. 

With  regard  to  tlieir  moral  economy — v/e  may 
rest  assured,  that  the  prominent  outlines  of  it  are 
materially  the  same  as  of  that  economy  winch 
relates  to  the  inhabitants  of  our  world,  'i'he  fun- 
damental principles  of  the  moral  laws  given  to 
men,  and  which  it  is  the  great  object  of  kevela- 
tion  to  support  and  illustrate,  are,  "Thou  shalt 
love  the  Lord  thy  God  with  all  thy  heart  and  un- 
derstanding," and,  "  Thou  shall  love  thy  neighbor 
as  thyself."  On  these  two  commanduients  liang 
all  the  Law  and  the  Prophets. — Now  we  must  at 
once  admit  from  the  Nature  of  the  Divine  Being, 
and  from  the  relation  in  v/hich  rational  h  ings 
stand  to  Him,  and  to  one  ai'.other, — that  the  Crea- 
tor has  enacted  these  laws,  as  the  great  governing 
principles  by  which  the  actions  of  all  intellig(!nces 
in  heaven,  as  well  as  upon  earth,  are  to  be  direct- 
ed. For  the  governor  of  the  world  can  never  be 
supposed  to  issue  a  law  to  any  order  of  rational 
creatures,  which  would  permit  them  to  hate  tlieir 
C'"eator,  or  to  hate  those  whom  he  has  formed 
after  his  own  image.  Such  a  supposition  would 
be  inconsistent  with  the  eternal  rules  of  rectitude, 
and  with  the  perfections  of  Deity;  and  the  fact 
supposed  (if  it  could  e.xist),  would  introduce  con- 
fusion and  misery  throughout  the  whole  intelli- 
gent universe.  And,  therefore,  we  must  necessa- 
rily admit,  that  the  laws  to  whicli  I  now  advert, 
are  binding  upon  all  the  rational  inhabitants  which 
exist  throughout  .Jehovah's  dominions;  and  thai 
it  is  by  tliese  that  the  moral  order  of  all  tlie  Prin- 
cipalities and  Powers  of  Heaven  is  preserved  and 
directed.  In  those  worlds  where  there  is  no 
change  in  the  succession  of  their  inhabitants — or, 
in  other  words,  where  there  is  no  death,  or  where 
they  are  not  produced  by  any  process  analogous 
to  generation,  but  have  a  fixed  and  permanent 
residence  —  there  will  be  no  need  for  moral 
precepts  corresponding  to  the  fifth  and  seventh 
commandments  of  our  moral  law;  and,  in  those 
worlds  where  propertj'  is  common,  and  the  boun- 
ties of  Ihe  Creator  are  equally  enjoyed  by  al), 
there  will  be  no  necessity  for  a  law  corresponiling 
to  the  eighth  commandment;  but  the  general  ]irin- 
ciples  on  which  these  laws  are  founded,  will  be 
applicable  to  all  the  other  circumstances  and  rela- 
tions which  actually  exist:  so  that  the  principle, 
and  spirit,  and  essence  of  our  religion,  must  bo 
common  to  all  the  holy  inhabitants  of  the  uni- 
verse. And,  therefore,  it  will  follow,  that  every 
intelligent  being  that  is  animated  and  directed  by 
such  principles  and  affections,  will  be  qualified 
for  holding  delightful  intercourse  with  all  holy 
beings  throughout  the  universe  of  God,  in  what- 
ever province  of  the  Creator's  empire  he  may 
hereafter  be  placed;  and,  to  qualify  us  for  such 
harmonious  and  affectionate  intercourses,  is  one 
great  end  of  the  Salvation  exhibited  in  the  Gos- 
pel. So  that,  although  we  cannot,  in  our  present 
state,  acquire  a  minute  and  comprehensive  know- 
ledge of  the  moral  history  of  other  worlds,  of  th» 
special  interpositions  or  manifestations  of  Deity 
in  relation  to  them,  or  of  the  means  by  which 
they  are  carried  forward  in  moral  and  intellectual 
improvement — yet  we  can  trace  the  general  prin- 
ciples or  laws  which  form  the  basis  of  their  morai 
and  religious  econoijfiy.  For,  as  the  laws  of  op- 
tics, and  the  principle  of  gravitation,  pervade  the 
whole  material  system,  as  far  as  the  universe  is 
visible  to  our  unassisted  vision — so  ihe  principle 
of  supreme  love  to  God,  and  sincere  affection  to 


144 


THE   CHRISTIAN  PHILOSOPHER. 


fellow-intelligences,  must  pervade  the  intellectual 
universe  wherever  it  extends;  and,  if  any  intelli- 
gent agents  beside  men  have  violated  these  laws, 
they  must  experience  pain,  and  misery,  and  disor- 
der, analogous  to  those  which  are  felt  by  the  in- 
habitants of  our  apostate  world. 

Thus  I  have  endeavored  to  show,  that  the  com- 
bination of  Science  with  Religion,  would  tend  to 
expam!  our  views  of  Divine  Providence — in  the 
various  arrangements  of  God,  in  relation  to  the 
human  race,  and  tr  the  subordinate  tribes  of  .seu- 
silive  beings — and  in  reference  to  some  of  the  pro- 
minent features  of  his  administration  in  distant 
worlijs.  And,  therefore,  though  the  Christian 
ought  never  tc  overlook  the  ways  of  Providence 
in  relation  to  himself,  and  to  his  spiritual  and  do- 
mestic concerns,  yet  it  would  argue  a  selfishness 
and  a  sottishness,  altogether  inconsistent  with  the 
noble  and  expansive  spirit  of  Christianity,  to  over- 
look all  the  other  parts  of  the  Theater  of  Divine 
Dispensations,  when  a  very  slight  degree  of  labor 
and  research  might  be  instrumental  in  unfolding 
them  to  his  view 

fV. — The  convection  of  Science  with  Relic/inn  would 
have  a  tendency  to  induce  upon    Christians   a 

SPIRIT    OF   LIBERALITY,    of  CANDOR,    and   of  ACCU- 
RACY   IN    JUDGING    OF   THE    OPINIONS    AND    ACTIONS 

OF  MEN,  and  of  the  Divine  procedure  and  ope- 

KATIONS. 

Who  is  the  most  Candid  and  Liberal  Being  in 
the  universe?  God. — And  why  is  God  to  be  con- 
sidered as  the  most  Liberal  Intelligence  that  ex- 
ists? Because  He  embraces  a  minute,  a  full,  and 
comprehensive  view  of  all  the  circumstances, 
connections,  relations,  habits,  motives,  tempta- 
tions, modes  of  thinking,  educational  biases,  phy- 
sical affections,  and  other  causes,  that  may  influ- 
ence the  sentiments  or  the  conduct  of  any  of  his 
creatures.  —  Who,  among  created  intelligences 
may  be  viewed  as  endowed  with  these  qualities  in 
the  next  degree?  The  loftiest  seraph  that  God 
has  created,  who  has  winged  his  way  to  numerous 
Worlds;  and  taken  the  most  extensive  survey  of 
llie  dispensations  of  the  Almighty,  and  of  all 
creatures  and  events. — Who,  among  the  sons  of 
men,  is  the  most  illiberal  and  inaccurate  in  judg- 
mg  of  opinions,  of  persons,  and  of  things?  The 
man  who  has  Jived  all  his  days  within  the  smoke 
of  his  father's  chimney,  or  within  the  confines  of 
his  native  village — who  has  never  looked  beyond 
the  range  of  his  own  religious  party — whose 
thoughts  have  always  run  in  one  narrow  track — 
whose  reading  has  been  confined  to  two  or  three 
musty  volumes,  which  have  lain  for  ages  on  the 
same  smoky  shelf — who  cares  for  nothing  either 
in  the  heavens  or  the  earth,  but  in  so  far  as  it 
ministers  to  his  convenience,  his  avarice,  or  his 
sensual  enjoyment — who  will  admit  no  sentiment 
to  be 'true,  but  what  he  may  have  heard  broached 
by  his  parson  —  and  whose  conversation  seldom 
rises  beyond  mere  gossiping  chit-chat,  and  the 
slanderous  remarks  which  are  circulated  among 
his  neighbors.  Such  characters  are  entirely  un- 
qualified for  forming  a  correct  judgment,  either 
of  the  sentiments  and  the  actions  of  men,  or  of 
the  works  and  the  ways  of  God;  for  they  are 
completely  destitute  of  the  requisite  data  whereon 
to  form  a  rational  decision  in  relation  to  either  of 
these  subjects. 

It  may  be  admitted  as  a  kind  of  axiom,  in  our 
estimate  of  human  character,  that,  in  proportion 
to  the  ignorance,  and  the  narrow  range  of  view, 
which  characterize  any  individual,  in  a  similar 
proportion  will  be  his  want  of  candor,  and  his 


unfitness  for  passing  a  sound  judgment  on  any 
subject  that  is  laid  before  him — and  that  the  man 
who  has  fciken  excursions  through  the  wid*"?! 
range  of  thought,  accompanied  with  a  corres- 
ponding improvement  of  his  moral  powers,  will 
always  be  the  most  liberal  and  candid  in  his  deci- 
sions on  the  moral  and  intellectual  qualities  of 
others.  To  these  maxims,  few  exceptions  will 
generally  be  found. — In  forming  an  enlightened 
ju('gnient  in  regard  to  any  action  or  object,  it  ia 
essentially  requisite,  that  we  contemplate  it  in  all 
its  different  features  and  aspects,  and  in  all  its 
minute  circumstances,  bearings,  and  relations — 
We  would  not  hesitate  for  a  moment  todeterniine 
who  is  best  qualified  to  give  an  accurate  descrip- 
tion of  a  city, — he  who  has  only  viewed  its  spires 
from  a  distince,  while  iu  rapid  motion  in  his  cha- 
riot—  or  he  who  has  minutely  surveyed  all  its 
streets,  lanes,  squares,  public  edifices,  and  sur- 
rounding scenery,  in  every  variety  of  aspect;  or, 
who  appears  most  likely  to  form  the  most  accu- 
rate and  enlightened  judgment  in  relation  to  any 
particular  kingdom,  —  he  who  has  just  skirted 
along  a  few  miles  in  one  of  its  coasts,  or  he  who 
has  traversed  its  length  and  breadth  in  all  direc- 
tions, and  mingled  with  every  class  of  its  inhabit- 
ants. On  the  same  principle  it  must  be  admitted, 
that  he  who  has  viewed  religion  in  all  its  aspects 
and  bearings,  who  has  taken  the  most  extensive 
survey  of  the  manifestations  of  God,  and  of  the 
habits  and  relations  of  men,  is  the  best  qualified 
to  pronounce  a  candid  and  accurate  decision  on 
all  the  intellectual  and  moral  cases  that  may 
come  before  him. 

If  the  spirit  of  the  abo\fc-stated  sentiments  be 
founded  on  reason  and  on  fact,  it  will  follow  that, 
the  more  we  resemble  God  in  the  amplitude  of 
our  intellectual  views  and  benevolent  affections,  thf 
more  candid,  and  liberal,  and  accurate  will  oui 
ju<igments  be  in  reference  to  all  the  actions,  ob. 
jects,  and  relations  we  contemplate.  On  the  othei 
hand,  the  man  who  is  confined  to  a  narrow  range 
of  thought  and  prospect,  is  continually  blundering 
in  the  estimates  he  forms,  both  in  respect  to  phy- 
sical facts,  to  general  principles,  and  to  moral  ac- 
tions. He  forms  a  premature  and  uncharitabU 
o])inion  on  every  slander  and  report  against  hif 
neighbor.  He  condemns  without  hesitation,  and 
throws  an  unmerited  odium  on  whole  bodies  of 
men,  because  one  or  two  of  their  number  may 
have  displayed  weakness  and  folly.  He  hates  and 
despises  men  and  their  opinions,  because  they  be- 
long not  to  his  political  or  religious  party.  He 
pronounces  his  decisions  on  the  motives  of  men 
with  as  much  confidence  as  if  he  had  surveyed 
their  hearts  with  the  eye  of  Omniscience.  Ha 
cannot  hear  an  objection  ugainst  his  favorite  opin- 
ions with  patience,  nor  an  apology  for  any  set  of 
principles  but  his  own.  He  is  arrogant  and  dog- 
matical in  his  assertions,  and  will  make  no  con- 
cessions to  the  superior  wisdom  of  others.  Ha 
sets  himself,  with  violence,  against  every  proposal 
for  reformation  I'D  the  church,  because  his  fore- 
fathers never  thought  of  it,  and  because  such  "  in- 
novations" do  not  suit  his  humor  and  preconceiv- 
ed opinions.  He  decides,  in  tlie  most  confident 
tone,  on  what  God  can  and  cannot  do,  as  if  he  had 
taken  the  gauge  of  infinite  perfection;  and  he 
frets  at  the  Divine  dispensations  when  they  do  not 
exactly  quadrate  with  his  own  humors  and  sellish 
views. 

With  regard  to  the  operations  of  the  Most  High 
he  also  forms  the  most  foolish,  and  vague,  and 
contradictory  conceptions.  Tell  him  of  the  vast 
dimensions  of  the  planetary  system,  of  the  men 
and  animals  tin^t  live  on  the  opposite  side  of  the 
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globe,  of  the  annual  and  diurnal  motion  of  the 
earth — that  this  world  and  its  inhabitants  are 
moving  through  the  regions  of  space  many  thou- 
sands of  miles  every  hour — that  one  of  the  planets 
is  so  large  that  it  would  contain  1400  worlds  as 
spacious  as  ours — that,  another  is  flying  through 
the  tracts  of  immensity  at  the  rate  of  a  hundred 
thousand  miles  an  hour — and  that  light  is  darted 
from  the  sun  at  a  velocity  of  192,000  miles  in  a 
moment  of  time, — he  will  stare  at  you  with  as- 
tonishment at  such  extravagant  assertions,  and 
will  sooner  believe  the  stories  of  giants  100  feet 
high,  and  of  fairies  that  can  enter  in  crowds 
through  the  keyhole  of  his  door.  Instead  of 
frankly  acknowledging  that  "  he  is  ignorant  of 
such  subjects,  and  of  the  grounds  of  such  con- 
clusions— that  those  that  have  sflidied  them  with 
intelligence  are  best  capable  of  judging  —  that,  if 
true,  they  must  fill  us  with  admiration  of  the 
glory  of  God — but  that,  as  he  has  hitherto  had  no 
opportunity  of  examining  such  matters,  he  must 
suspend  his  assent  until  he  inquire  into  the  reasons 
which  can  be  given  for  such  amazing  deductions;" 
instead  of  such  concessions,  which  are  the  dic- 
tates of  modesty  and  of  common  sense,  he  will 
tell  you  at  once,  without  hesitation,  and  without 
a  blush  at  his  presumptuous  decisions,  that  "it  is 
all  extravagance,  and  folly,  and  idle  romance,  con- 
trary toScripture, and  reason,  and  common  sense;" 
and  will  not  hesitate  to  brand  you  as  a  heretic,  for 
endeavoring  to  break  loose  his  intellectual  tram- 
mels!— thus  tacitly  declaring  that  he  is  far  better 
qualified  to  pronounce  a  decision  on  such  topics 
than  all  the  philosophers  and  divines,  and  all  the 
brightest  geniuses  who  have  appeared  in  the  world 
for  ages  past;  though  he  will  at  the  same  time 
athnit,  that  he  never  gave  himself  the  trouble  to 
examine  into  such  matters! 

His  views  of  the  providential  dispensations  of 
God  are  equally  partial  and  distorted.  If  disease, 
or  poverty,  or  misfortune,  happen  to  his  neighbor, 
especially  if  he  had  witlidrawn  from  the  religious 
party  to  which  he  belongs,  it  is  considered  as  a 
penal  judgment  for  his  error  and  apostasy.  If 
prosperous  circumstances  attended  his  family  or 
his  religious  party,  it  is  viewed  as  a  sign  of  Di- 
vine approbation.  He  sel(!om  views  the  hand  of 
God,  except  in  unconmion  occurrences,  and  then, 
he  imagines  that  a  miracle  is  performed,  and  that 
the  wheels  of  nature  are  stopped  in  order  to  ac- 
complish the  event.  He  seldom  looks  beyond  the 
precincts  of  his  own  church  or  nation,  to  observe 
the  movements  of  the  Divine  footsteps  toward 
other  tribes  of  his  fallen  race.  He  overlooks  the 
traces  of  Divine  operation  which  are  every  mo- 
ment to  be  seen  above  and  around  him — and  yet,  ' 
in  the  midst  of  all  such  partial  and  contracted 
views,  he  will  sometimes  decide  on  the  Wisdom 
and  Rectitude  of  the  Ways  of  God,  with  as  much 
confidence  as  if  he  had  entered  into  the  secret 
councils  of  the  Eternal,  and  surveyed  the  whole 
plan  of  his  procedure. 

Such  are  a  few  prominent  outlines  of  the  cha- 
racter of  thousands,  whose  names  are  enrolled  as 
members  of  the  visible  church — whose  il liberality 
and  self-conceit  are  owing  to  the  contracted  no- 
tions they  have  formed  of  God  and  of  Religion. 
And,  sur'-.'y,  it  must  appear  desirable  to  every 
enlightenej  Christian,  that  every  proper  mean 
should  bj  used  to  prevent  rational  immortal  be- 
ings from  remaining  enchained  in  such  mental 
thraldonj. 

On  'J)  3  other  hand,  the  man  who  takes  an  en- 
lightened view  of  all  the  works  and  dispensations 
of  God,  and  of  all  the  circumstances  and  rela- 
tions of  subordinate  beings,  necessarily  acquires  a 


nobleness  and  liberality  of  mind,  and  an  accuracy 
in  judging  of  things  human  and  divine,  which  no 
other  person  can  possess.  He  does  not  hastily 
take  up  an  evil  report  against  his  neighbor;  for  he 
considers  how  unfounded  such  reports  often  are, 
and  how  much  they  are  owing  to  the  insinu- 
ations of  envy  or  of  malice.  And,  when  he 
can  no  longer  doubt  of  an  evil  action  being  sub- 
stantiated against  any  one,  he  does  not  triumph 
over  him  in  the  language  of  execration;  for,  he 
considers  all  the  circumstances,  relations,  feelings, 
and  temptations  with  which  he  may  have  been 
surrounded;  he  considers,  that  he  himself  is  a  frail 
sinful  creature,  and  might  possibly  have  fallen  in 
a  similar  way,  had  he  been  placed  in  the  same 
situation.  He  does  not  trumpet  forth  the  praises 
of  a  man  who  has  performed  owf  brilliant  benevo- 
lent deed,  as  if  he  were  a  character  to  be  admired 
and  eulogized — while  the  general  course  of  his 
life  is  marked  with  vice,  and  an  utter  forgetful- 
ness  of  God  and  Religion;  nor  does  he  fix  a  stig- 
ma of  immorality  upon  the  person  who  may  have 
acted  foolishly  or  sinfully  in  one  or  two  instances, 
while  the  general  tenor  of  his  conduct  has  been 
marked  by  purity  and  rectitude:  for,  in  both  cases 
he  considers,  that  it  is  not  an  isolated  action,  but 
general  habits  which  determine  the  character  of 
any  individual.  He  esteems  the  Wise  and  the 
Good,  and  holds  friendly  intercourse  with  them, 
to  whatever  political  or  religious  party  they  be- 
long. He  can  bear,  with  aflability  and  candor,  to 
have  his  opinions  contradicted,  and  can  differ  from 
his  neighbor  in  many  disputed  points,  while,  at 
the  same  time,  he  values  and  esteems  him.  He 
will  not  brand  a  man  as  a  Heretic  or  a  Deist,  be- 
cause he  takes  a  view  of  some  dogmas  in  Theolo- 
gy in  a  different  light  from  what  he  himself  does; 
for  he  considers  the  difference  of  habits,  studies, 
pursuits,  and  educational  prejudices,  which  must 
have  influenced  his  opinions;  and  makes  due  al- 
lowance for  the  range  of  thought  to  which  he  may 
have  been  accustomed.  He  is  always  disposed  to 
attribute  the  actions  of  others  to  good  motives, 
when  he  has  no  proof  to  the  contrary.  He  uses 
no  threats  nor  physical  force  to  support  his  opin- 
ions, or  to  convince  gainsayers;  for  he  knows 
that  no  external  coercion  can  illuminate  the  mind, 
and  that  the  strength  of  arguments,  and  the  force 
of  truth,  can  alone  produce  conviction.  He  is 
convinced  how  ignorant  he  is,  notwithstanding  all 
his  study,  observations,  and  researches,  and  presses 
forward,  as  long  as  he  lives,  to  higher  degrees  of 
knowledge  and  of  moral  improvement. 

He  is  an  active  promoter  of  every  scheme  that 
tends  to  enlighten  and  meliorate  mankind,  and  to 
extend  the  knowledge  of  salvation  to  the  ends  of 
the  earth;  for  he  considers  that  it  is  not  by  mira- 
cles, but  by  the  subordinate  agency  of  intelligent 
beings,  that  God  will  effectuate  the  illuminalion 
and  the  moral  renovation  of  our  apostate  race. 
He  views  the  special  agency  of  God  in  all  the 
movements  of  the  Scientific,  the  Religious,  and 
the  Political  world,  and  perceives  Him  accom- 
plishing his  purpose,  in  the  inventions  of  human 
genius,  and  in  the  economy  of  the  minutest  in- 
sect, as  well  as  in  the  earthquake,  the  storm,  and 
the  convulsions  of  nations;  for  he  considers  the 
smallest  atom,  and  the  Hosts  of  Heaven,  as  equal- 
ly directed  by  Eternal  Wisdom,  and  equally  ne- 
cessary in  the  universal  chain  of  creatures  and 
events.  He  displays  a  becoming  modesty  in 
speaking  of  the  ways  and  the  works  of  God. 
When  he  meets  with  any  dark  and  afflictive  dis- 
pensation in  the  course  of  Providence,  he  does 
not  fret  and  repine,  but  is  calm  and  resigned,  con- 
scious that  he  perceives  only  a  small  portion  of 
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the  cliain  of  God's  dispensations,  and  is,  therefore, 
unable  to  form  a  just  comparison  of  the  connec- 
tion of  any  one  part  with  the  whole.  When  he 
contemplates  the  depraved  and  wretched  condition 
of  the  greater  part  of  the  world,  at  present,  and 
for  tnoiisands  of  years  past,  notwithstanding  the 
salvation  which  has  been  achieved  for  sinners 
of  mankind,  he  is  far  from  arraigning  the  Divine 
goodness  and  rectitude,  in  leaving  so  many  nations 
"  to  walk  in  their  own  ways;"  for  he  knows  not 
what  relation  this  dismal  scene  may  bear,  wiiat 
influence  it  may  have,  or  what  important  impres- 
sions it  may  produce,  on  worlds  and  beings  with 
wliich  we  are  at  present  unacquainted. 

He  is  cautious  in  pronouncing  decisively  re- 
specting tlie  dispensations  of  God,  in  regard  to 
the  universe  at  large.  He  does  not,  for  example, 
assert,  with  the  utmost  confidence,  as  some  have 
done,  "  that  tiiere  never  was,"  and  never  will  be, 
to  all  the  ages  of  eternity,  such  a  bright  display 
of  the  Divine  Glory  as  in  the  Gross  of  Chiist." 
He  admires  and  adores  the  Condescension  and  the 
Love  of  God,  in  the  plan  of  Salvation  which  the 
Gospel  exiiibits,  and  feels  an  interest  in  it  far  be- 
yond that  of  any  other  special  manifeslalioa  of 
Deity;  but  he  dares  not  set  limits  to  the  Divine 
Attributes  and  Operations.  He  considers  himself 
at  present,  with  regard  to  the  grand  system  of  the 
Universe,  in  a  situation  similar  to  tliat  of  a  small 
insect  on  one  of  the  stones  of  a  magnificent  edi- 
fice, wliich  sees  only  a  f -w  hairbreadths  around  it, 
and  is  altogether  incapable  of  surveying  the  sym- 
metry, the  order,  and  beauty  of  the  structure,  and 
of  forming  an  adequate  conception  of  the  whole. 
He  considers  that  he  has  never  yet  surveyed  the 
millionth  part  of  Jehovah's  empire,  and,  there- 
fore, cannot  tell  what  the  Eternal  Sovereign  has 
been  pleased  to  exhibit  in  its  numerous  provinces; 
and,  least  of  all,  can  he  ever  presume  to  dive  into 
the  depths  of  interminable  ages,  and  boldly  declare 
what  the  Almighty  will,  or  will  not  do,  through 
eternity  to  come.  He,  therefore,  views  it  as  pre- 
sumption, while  he  has  no  dictate  of  revelation 
for  his  warrant,  to  pronounce  decisively,  either  on 
the  one  side  or  on  the  other,  of  such  a  deep  and 
important  question,  which  seems  above  the  reach 
of  the  loftiest  seraph  to  determine.*  In  short,  he 
endeavors  to  take  a  view  of  all  the  manifestations 
of  Deity  within  his  reach,  from  every  source  of 
information  which  lies  before  him,  and  as  far  as 
his  limited  faculties  will  permit.  He  does  not  call 
in  question  the  discoveries  of  Science,  because 
they  bring  to  his  ears  most  astonishing  reports  of 
the  Wisdom  and  Omnipotence  of  Jehovah;  and 
of  the  boundless  extent  of  his  Kingdom;  but  re- 
joices to  learn,  that  the  grandeur  of  his  dominions 
is  actually  found  to  correspond  with  the  lofty  de- 
scriptions of  Divine  Majesty  and  Glory  recorded 
in  the  Volume  of  Inspiration,  and  is  thereby  in- 
spired with  nobler  hopes  of  the  glory  and  felicity 
of  that  heavenly  world  where  he  expects  to  spend 
an  endless  existence. 

If,  then,  such  be  some  of  the  features  in  the 
character  of  the  enlightened  Christian;  if  liberali- 
ty and  candor,  and  accurate  investigation,  mark 
the  judgments  he  pronounces  on  the  sentiments 
and  the  actions  of  men,  and  on  the  works  and  the 
ways  of  God;  and  if  such  views  and  feelings 
ought  to  be  considered  as  more  congenial  to  the 
noble  and  benevolent  spirit  of  our  religion,  than 
the  narrow  and  distorted  notions  of  a  contracted 
mind, — it  must  be  an  object  much  to  be  desired, 
that  the  mass  of  the  Christian  world  be  led  into 
euch   trains  of  thought,   as  might   imbue  their 

*  See  Appendix,  Note  XII. 


minds  with  a  larger  proportion  of  this  s)  irit. 
And,  if  diversified  and  occasional  discussions  on 
the  topics  to  which  we  have  adverted  would 
have  a  tendency  to  produce  this  desirable  efli'Ct, 
it  is  obvious,  that  such  branches  of  knowledge 
as  are  calculated  to  enlarge  the  capacity  of  the 
mind,  and  to  throw  a  light  over  the  revelations 
and  the  works  of  God,  should  no  longer  be  over- 
looked in  the  range  of  our  religious  contempla- 
tions. 

V. — The  extensive  range  of  thougld  which  the  diver- 
sified  objects  in  Nature  present,  would  have  a 

TENDENCY  TO    INSPIRE  US    WITH    A  SPIRIT    OF  PIETY 
AND  PROFOUND  HUMILITr. 

It  is  owing,  in  many  instances,  to  want  of  at 
tention  to  the  impressive  displays  of  Wisdom  and 
Omnipotence  in  the  material  world,  that  our  piuua 
feelings  and  devotional  exercises  are  so  cold  and 
languid.  We  stalk  about  on  the  surface  of  the 
earth,  and  pass  from  one  day  to  another,  without 
reflecting  on  the  grand  and  complicated  machi- 
nery around  us,  wliich  is  carrying  us  along 
through  the  regions  of  space,  and  from  one  por- 
liod  of  duration  to  another,  as  if  the  mighty  ener- 
gies of  the  Eternal  Mind,  exerted  in  our  behalf, 
were  unworthy  of  our  acknowledgment  or  re- 
gard. How  few,  for  example,  reflect,  when  they 
open  their  eyes  in  the  morning,  and  perceive  the 
first  beams  of  the  rising  sun,  that,  since  they  lay 
down  to  sleep,  the  Divine  Power  has  been  exerted 
in  carrying  them  more  than  four  thousand  miles 
round  to  the  eastward,  in  order  thaj,  they  might 
again  be  cheered  with  the  morning  light;  and 
that,  during  the  same  period,  they,  along  with  the 
earth  and  its  vast  population,  have  been  carried 
forward  476,000  miles  from  that  portion  of  space 
which  they  occupied  seven  hours  before?*  Or, 
if  they  have  no  idea  of  the  motion  of  the  earth, 
and  attach  no  belief  to  such  an  opinion,  how  is  it 
they  do  not  reflect,  that,  after  night  has  thrown  its 
shades  around  them,  the  sun,  and  ten  thousand 
other  vast  globes,  must  move  several  hundreds  of 
millions  of  miles,  before  their  eyes  can  again  be- 
hold the  light  of  day!  Either  the  one  or  the 
other  of  these  cases  must  he  the  fact;  and,  in 
either  case,  there  is  presented  to  our  view,  a  dis- 
play of  the  Omnipotence  and  the  Superinten- 
dence of  Him  in  whom  we  live  and  move,  which 
demands  our  gratitude,  our  admiration,  and  praise. 
And  can  it  ever  be  supposed,  that  such  reflec- 
tions, combined  with  all  the  other  excitements  to 
reverence  and  gratitude,  will  not  tend  to  elevate 
our  contemplations,  and  to  raise  our  pious  feelings 
to  a  higher  pitch  of  devotion?  Whether  the 
Psalmist  entertained  any  views  of  this  kind, 
when  he  composed   the  ninety-second  Psalm,  we 


*  When  it  is  here  said  that  we  ate  carried  "  more  than 
4000  miles  round  to  the  eastward"  during  the  hours  of  sleep 
— the  author  refers  to  the  divrnal  motion  of  the  earth  from 
west  to  east.  The  rate  of  this  motion  is  ditterent  to  the 
inhabitants  of  difierent  latitudes.  At  the  Equator  the  in- 
habitants are  carried  at  the  rale  of  10S8  miles  an  ..our,  and 
if  7  hours  be  allowed  for  nightly  xepose,  they  are  carried 
round  7206  miles  during  sleep.  Those  who  live  in  the  52d 
degree  of  latitude,  as  the  inhabitants  of  places  near  Lon- 
don, move  at  the  rate  of  637  miles  an  hour;  and,  conse 
quently,  in  the  course  of  7  hours,  are  carried  round  4459 
miles.  The  inhabitants  of  Greenland,  in  lal.  09^,  during  the 
same  time,  move  only  i570  mile;  and,  were  there  any  in- 
habitants at  the  eSth  degree  of  latitude,  or  within  two  de- 
grees of  the  polar  points  their  motion,  during  7  hours,  would 
not  exceed  "52  miles. — When  it  is  said  we  are  carried  for- 
ward during  the  same  time,  476,000  miles,  the  reference  it 
to  the  annual  motion  of  the  earth,  which  is  at  the  rate  of 
sixty-eight  thousand  miles  every  hour,  and  eonsenuently 
476,000  miles  during  the  7  hours  supposed  to  be  allotted  \» 
sleep. 
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eannot  certainly  determine;  but  I  presume,  the 
pious  and  contemplative  mind,  when  awakening 
from  the  slumbers  of  the  night,  under  such  im- 
pressions, might  sing  the  first  part  of  that  song 
of  praise  with  peculiar  emphasis  and  delight  — 
"  It  is  a  good  thing  to  give  thanks  to  Jehovah, 
and  to  sing  praise  to  thy  name,  O  thou  Most 
High  I  to  show  forth  thy  loving-kindness  in  the 
morning.  For  thou.  Lord,  hast  made  me  glad 
through  thy  work"  (or  thy  powerful  energy), — 
"  I  will  triumph  in  the  works  of  thy  hands.  O 
Lord !  HOW  GREAT  ARE  THY  WORKS  !  and  thy 
thoughts"  (or  contrivances)  "  are  very  deep !  A 
brutish  man  knoweth  not,  neither  doth  a  fool  un- 
derstand this." 

An  extensive  acquaintance  with  nature  and 
Bcience,  combined  with  Christian  principle,  would 
also  induce  profound  humility.  The  man  who  has 
made  excursions  through  the  most  diversified 
regions  of  thought,  is  deeply  sensible  of  the  little 
progress  he  has  attained,  and  of  the  vast  and  un- 
bounded field  of  divine  science  which  still  remains 
to  be  explored.  When  he  considers  the  immense 
variety  of  sublime  subjects  which  the  Volume  of 
Inspiration  exhibits,  and  of  which  he  has  obtained 
but  a  very  faint  and  imperfect  glimpse — the  com- 
prehensive extent,  and  the  intricate  windings  of 
the  operations  of  ProviiJence,  and  the  infinite 
number  of  beings  over  which  it  extends — the  am- 
plitude and  magnificence  of  that  glorious  universe 
ever  which  Jehovah  presides,  and  liow  small  a 
portion  of  it  lies  open  to  his  minute  inspection — 
he  is  humbled  in  the  dust  at  the  view  of  his  own 
insignificance;  he  sees  himself  to  be  a  very  babe 
in  knowledge;  and,  as  it  were,  just  emerging 
from  the  gloom  of  ignorance  into  the  first  dawn- 
ings  of  light  and  intelligence.  He  feels  the  full 
force  and  spirit  of  the  poet's  sentiment — 

'  Much  learning  shows  how  little  mortals  know." 

When  he  considers  the  comprehensive  extent  of 
the  Divine  law  and  its  numerous  bearings  on 
every  part  of  liis  conduct,  and  on  all  the  diversi- 
fied relations  in  which  he  stands  to  his  God,  and 
to  liis  fellow-men;  and  when  he  reflects  on  his 
multiplied  deviations  from  that  eternal  rule  of 
rectitude,  he  is  ashamed  and  confounded  in  the 
presence  of  the  Holy  One  of  Israel;  and  on  a  re- 
view of  his  former  pride  and  self-conceit,  is  con- 
strained to  adopt  the  language  of  Agur  and  of 
Asaph — "  Surely  I  am  more  brutish  than  any 
man,  and  have  not  the  understanding  of  a  man." 
•'  So  foolish  was  I,  and  ignorant,  I  was  as  a  beast 
before  thee."  He  views  the  meanest  and  the 
most  ignorant  of  liis  species,  as  but  a  very  few 
degrees  below  him  in  the  scale  of  intelligence, 
and  sees  no  reason  why  he  should  glory  over  his 
fellows. 

This  sentiment  might  be  illustrated  from  the  ex- 
ample of  some  of  the  most  eminent  men  in  whose 
minds  science  and  religion  were  combined.  The 
Honorable  Mr.  Bovle  was  the  most  unwearied 
and  successful  explorer  of  the  works  of  God,  in 
the  age  in  which  he  lived,  and  all  his  philosophi- 
cal pursuits  were  consecrated  to  the  service  of 
Religion.  Among  the  excellent  traits  in  his  cha- 
racter, HUMILITY  was  the  most  conspicuous.  "He 
had  about  him,"  says  Bishop  Burnet,  "all  that 
uiiafF'oted  neglect  of  pomp  in  clothes,  lodging, 
furniture,  and  equipage,  which  agreed  with  his 
grave  and  serious  course  of  life,"  and  was  cour- 
teous and  condescending  to  the  meanest  of  his 
follovv-men.  "He  had,"  says  the  same  author, 
"  tile  profoundest  veneration  for  the  great  God  of 
heaven  and  earth  that  ever  I  observed  in  any  per- 
son.   The  very  noTne  of  God  was  never  mention- 


ed by  him  without  a  pause,  and  a  visible  stop  in 
his  discourse;  and  the  tenor  of  iiis  philosophicfj 
and  theological  writings  is  in  complete  unison 
with  tliese  traits  of  cliuracter. — Sir  Isaac  New- 
ton, too,  whose  genius  seemed  to  know  no  limits 
but  those  of  the  visible  universe,  was  distinguish- 
ed by  his  modesty,  humility,  and  mfekness  of  tem- 
per. He  had  such  a  humble  opinion  of  liimself, 
that  he  had  no  reli.sh  of  the  a]>plau3e  vvnich  was 
so  deservedly  paid  him.  He  would  iiave  let  others 
run  away  with  the  glory  of  his  inventions,  if  his 
friends  and  countrymen  had  not  been  more  jeal- 
ous of  his  honor  than  he  was  liimself.  He  said  a 
little  before  his  death,  "  I  do  not  know  what  I  may 
appear  to  the  world,  but  to  myself  I  seem  to  have 
been  only  like  a  boy  playing  on  the  sea-shore, 
and  diverting  myself  in  now  and  then  finding  a 
pebble  or  a  prettier  shell  than  ordinary,  while 
the  great  ocean  of  truth  lay  all  undiscovered  be- 
fore me." 

The  same  sentiment  might  have  been  illus- 
trated from  the  lives  of  Bacon,  Locke,  Dr.  Boer- 
haave,  Hervey,  Nieuwentyt,  Ray,  Derham,  thi» 
Abbe  Pluchc,  Bonnet,  and  other  eminent  charac- 
ters, who  devoted  their  stores  of  knowledge  to  tlio 
illustration  ot  the  Christian  system.  For  an  er- 
tensive  knowledge  of  the  operations  of  God  has 
a  natural  tendency  to  produce  humility  and  vene- 
ration; and  wherever  it  is  combined  with  prida 
and  arrogance,  either  among  philosophers  or  di- 
vines, it  indicates  a  lamentable  deficiency,  if  not 
a  complete  destitution,  of  Christian  princii)le,  aiid 
of  all  those  tempers  which  form  the  bond  of  union 
among  lioly  intelligences.  After  the  attention  of 
Job  had  been  directed  to  the  works  of  God,  and 
when  he  had  contemplated  the  inexplicable  phe- 
nomena of  the  Divine  agency  in  the  material 
world,  he  was  ashamed  and  confounded  at  his  for- 
mer presumption;  and,  in  deep  liumilitj',  exclaini- 
ed,  "  I  have  heard  of  thee  by  the  hearing  of  tho 
ear;  but  now  mine  eye  seeth  thee;  wherefore  I 
abhor  myself,  and  repent  in  dust  and  ashes." — la 
accordance  with  what  has  been  now  stated,  wo 
find,  that  the  most  exalted  intelligences,  who,  of 
course,  possess  the  most  extensive  views  of  the 
works  and  providential  arrangements  of  God,  aro 
represented  as  also  the  most  humble  in  their  de- 
portment, and  as  displaying  the  most  profound 
reverence  in  their  incessant  adorations.  They 
'^ fall  down  before  Him  who  sits  upon  the  throne; 
and  cast  their  crowns  before  the  throne,  saying.  Thou 
art  worthy,  0  Lord,  to  receive  glorj',  and  honor, 
and  power;  for  thou  hast  created  all  things,  and 
for  thy  pleasure  they  are  and  were  created." — 
Their  moral  conduct  evinces  the  same  lowly  tem- 
per of  mind.  They  wait  around  the  throne,  iu 
the  attitude  of  motion,  and  vikings  outspread, 
ready  to  fly,  on  the  first  signal  of  their  Sove- 
reign's will;  they  "  do  his  commandments,  hear- 
kening to  the  voice  of  his  word,"  and  do  not 
disdain  to '  perform  important  services,  in  our 
wretched  world,  to  the  meanest  human  being  who 
is  numbered  among  "the  heirs  of  salvation."  In 
like  manner,  were  ice  indued  with  the  grasp  of  in- 
tellect, the  capacious  minds,  the  extensive  know- 
ledge, and  the  moral  powers  which  they  possess, 
we  would  also  display  the  same  humble  and  reve- 
rential spirit,  and  feel  ashamed  of  those  emotions 
of  vanity  and  pride,  which  dispose  so  many  of  tho 
human  family  to  look  down  with  contempt  on 
their  fellow-mortals. 


If  the  leading  train   of  sentiment  \yhich  per- 
vades  this  volume   be  admitted,   the    following 
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8ENERAL  CONCLUSIONS  maybe  deduced: — That,  in 
conducting  the  religious  instruction  of  tlie  young, 
the  works  of  God  in  the  material  world,  and  the 
most  striking  discoveries  whicli  have  been  made 
as  to  their  magnitude,  variety,  and  mechanism, 
should  be  frequently  exhibited  to  their  view,  in 
minute  detail;  as  illustrations  of  the  attributes  of 
the  Deity,  and  of  those  descriptions  of  his  nature 
and  operations  contained  in  the  Volume  of  Inspi- 
ration;— that  the  books  put  into  their  hands  should 
contain,  among  other  subjects,  popular  and  strik- 
ing descriptions  of  the  facts  and  appearances  of 


nature; — tliat  suminaries  should  be  established  for 
the  occasional  instruction  of  young  persons,  from 
the  age  of  fifteen  to  the  age  of  twenty  or  thirty, 
or  upward,  in  all  those  popular  branches  of  natu- 
ral and  moral  science  which  have  a  tendency  to 
enlarge  the  capacity  of  their  minds,  and  to  ex- 
pand their  conceptions  of  the  incessant  agency 
of  God; — and  that  the  Ministers  of  Religion,  in 
their  public  instructions,  should  frequf-ntly  blerd 
their  discussions  of  divine  topics  with  iliustratiops 
derived  from  the  scenes  of  Creation  and  Provi- 
dence. 
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NOTES    AND    ILLUSTRATIONS. 

Note  I,  p.  221 — Illustration  oj  the  rate  of  Motion  in  the  Heavenly  Bodies,  on  the  supposition  that  the 

earth  is  at  rest. 


The  distance  of  the  sun  is  about  95  millions  i 
of  miles;  consequently,  the  diameter  of  the  cir- 
cle he  would  describe  around  the  earth  would  be 
190  millions,  and  its  circumference  597,142,857, ! 
which  forms  the  extent  of  the  circuit  through  ; 
which  he  would  move  in  24  hours,  if  the  earth  1 
were  at  rest.  This  number,  divided  by  24,  gives 
24,880,952,  the  number  of  miles  he  would  move  { 
in  an  hour;  and  this  last  number  divided  by  60, , 
gives  414,682,  the  number  of  miles  he  would  ' 
nftve  in  a  minute.  The  nearest  star  is  reckoned 
U>  be  at  least  20,000,000,000,000,  or  twenty  bil- ' 


lions  of  miles  distant  from  the  earth;  consequent- 
ly, its  daily  circuit  round  our  globe  would  mea- 
sure more  than  125,000,000,000,000  miles.  This 
sum,  divided  by  b6,400,  the  number  of  seconds  iu 
a  day,  would  give,  1,454,861,111,  or  somewhat 
more  than  one  thousand  four  hundred  millions  of 
miles,  for  its  rate  of  motion  in  a  second  of  time, — 
a  motion,  which,  were  it  actually  existing,  would, 
in  all  probability,  shatter  the  universe  to  atoms. 

The  unlearned  reader  may,  perhaps,  acquire  a 
more  distinct  idea  of  this  explanation  in  the  fol- 
lowing figure: — 


Let  the  small  circle  A,  in  the  center,  represent 
the  Earth,  and  the  circle  B  G  D  E  the  orbit  of  the 
Sun,  on  the  supposition  that  he  moves  round  the 
earth  every  24  hours.  The  line  A  B  will  repre- 
sent the  distance  of  the  Sun  from  the  Earth,  or 


95  millions  of  miles;  the  lino  B  D  the  diameter  of 
the  orbit  he  would  describe;  and  the  circle  B  G 
D  E  the  circumference  along  which  he  would 
move  every  day,  or  597  millions  of  miles,  which 
is  somewhat  more  than  three  times  the  diametar 
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If  the  line  A  F  represent  the  distance  of  the  near- 
est star,  the  circle  F  G  H  I  will  represent  the 
circuit  through  which  it  would  move  every  24 
hours,  if  the  earth  were  at  rest.  It  is  obvious 
from  the  figure  that  since  the  stars  are  at  a  greater 
distance  from  the  earth  than  the  sun,  the  circle 
they  would  describe  around  the  eartli  would  be 
larger  in  proportion,  and,  consequently,  their  ve- 
locities would  be  proportionably  more  rapid;  since 
they  would  move  through  their  larger  circles  in 
the  same  tinie  in  which  the  sun  moved  through 
his  narrower  sphere.  But,  the  supposition  that 
the  earth  is  the  center  of  all  the  celestial  motions, 
and  that  the  different  stars  are  daily  moving 
around  it  with  different  velocities,  and  the  slowest 
of  these  motions  so  inconceivably  rapid,  is  so 
wild  and  extravagant,  that  it  appears  altogether  in- 
consistent with  the  harmony  of  the  universe,  with 
the  wisdom  and  intelligence  of  the  Deity,  and 
with  all  the  other  arrangements  he  has  made  in 
the  system  of  nature. 


Note  II,  pp.  31-94. —  Experimental  Illustratinns 
of  the  Pressure  and  Compressibility  of  the  Atmo- 
sphere— The  Dioing-Bell,  etc. 

The  pressure  of  the  atmosphere  is  most  strik- 
ingly illustrated  by  means  of  the  air-pump.  But 
as  few  persons,  comparatively,  possess  tliis  instru- 
ment, the  following  experiments,  which  any  per- 
son may  perform  at  pleasure,  are  sufficiently  con- 
vincing on  this  point.  Take  a  common  wine- 
glass, fill  it  with  water;  apply  a  piece  of  paper 
over  the  mouth  of  the  glass;  press  the  paper  to 
the  rim  of  the  glass  with  the  palm  of  the  hand; 
turn  the  glass  upside  down;  withdraw  the  hand 
from  the  paper;  and  the  water  will  be  supported 
by  the  pressure  of  the  atmosphere.  That  it  is 
the  atmospherical  pressure,  and  not  the  paper, 
whicii  supports  the  water,  is  evident;  for  the  pa- 
per, instead  of  being  pressed  down  by  the  weight 
of  the  water,  is  pressed  upward  by  the  pressure  of 
the  atmosphere,  and  appears  concave,  or  hollow  in 
the  middle.  If  the  flame  of  a  candle  be  applied 
to  the  paper,  it  may  be  held  for  an  indefinite 
length  of  time,  close  to  the  paper,  without  setting 
fire  to  it.  The  same  fact  is  proved  by  the  follow- 
ing experiment: — Take  a  glass  tube,  of  any  length, 
and  of  a  narrow  bore;  put  one  end  of  it  in  a  basin 
of  water;  apply  the  mouth  to  the  other  end,  and 
draw  out  the  air  by  suction;  the  water  will  im- 
mediately rise  toward  the  top  of  the  tube;  and  if 
the  finger  or  thumb  be  applied  to  the  top  of  the 
tube,  to  prevent  the  admission  of  air,  and  the  tube 
removed  from  the  basin  of  water,  the  water  in  the 
tube  will  be  supported  by  the  pressure  of  the  at- 
mosphere on  the  lower  end.  Again: — Take  a  wine- 
glass, and  burn  a  small  bit  of  paper  in  it;  and 
while  the  paper  is  burning,  press  the  palm  of  the 
hand  upon  the  mouth  of  the  glass,  and  it  will  ad- 
here to  the  hand  with  considerable  force.  In  this 
case  the  pressure  of  the  atmosphere  will  be  sen- 
sibly felt;  for  it  will  sometimes  require  a  conside- 
rable force  to  detach  the  glass  from  the  hand. 

The  following  experiment  will  also  illustrate 
the  pressure  of  the  atmosphere.  Take  a  tin  ves- 
uel  about  6  or  7  inches  long  and  3  in  diameter, 
with  its  mouth  about  a  quarter  of  an  inch  wide, 
as  E  F  in  Fig.  1.*  Pierce  a  number  of  small  holes 
in  its  bottom,  about  the  diameter  of  a  common 
sewing  needle.     Plunge   the  vessel  in  Winter;  and 


•  The  figure  referred  to  is  ia  "Mental  Illumination,"  p. 
«B  fig.2. 


when  full,  cork  it  up,  so  tlu't  no  air  Ci'n  -Mit  r  at 
top.  While  it  reni^tins  corked  uc  water  will  run 
out,  being  prevented  by  tlie  atn.'osphcric  pnsriure, 
but  the  moinent  it  is  uncorked,  ilie  water  will 
issue  from  the  small  holes  in  the  boitoni  by  tiie 
pressure  of  air  from  above. — The  same  experi- 
ment may  be  made  by  taking  a  tube,  G  II,  Fig. 
3,*  7  or  8  inches  long,  and  about  tlin-e- fourths 
of  an  inch  diameter,  liaving  a  small  hole  on  each 
side,  I  K.  When  filled  with  water  and  corked 
no  water  will  run  out,  but  when  the  cork  is  re- 
moved the  water  will  run  out  at  I  and  K,  illus- 
trating the  lateral  pressure  of  the  atmospiiere. 

The  pressure  of  the  atmosphere  explains  a  va- 
riety of  common  phenomena.  Wh'ii  we  t;ike  a 
draught  of  wafer  out  of  a  basin  or  a  running 
stream,  we  immerse  our  .mouths  in  the  water,  and 
make  a  vacuum  by  drawing  in  tlie  air;  the  pressure 
of  the  atmosphere  upon  the  external  surlace  of 
the  water  then  forces  it  into  the  mouth.  The 
same  cause  explains  the  process  of  a  child  suck- 
ing its  -mother's  breasts — the  action  of  a  boy's 
sucker  in  lifting  large  stones — the  rise  of  water 
in  pumps — the  eiTccts  produced  by  cements — the 
firm  adhesion  of  snails  and  periwinkles  to  rocks 
and  stones — the  scarcity  of  water  in  the  lime  of 
hard  frosts — and  the  fact,  that  a  cask  will  not  run 
by  the  cock,  unle.ss  a  hole  be  opened  in  some 
other  part  of  the  cask. 

The  following  experiment  illustrates  the  com- 
pressibility of  air,  and  at  the  same  time  the  prin- 
ciple on  which  the  Diviny-Bell  is  constructed. 
Let  A  B,  Fig.  l,t  represent  a  large  tumbler, 
nearly  filled  with  water.  Place  a  pi«ce  of  cork 
on  the  surface  of  the  water,  and  over  the  cork  an 
ale-glass,  G  D,  with  its  mouth  downward:  then 
pusli  the  glass  perpendicularly  down  toward  the 
bottom  of  the  tumbler,  and  the  cork  will  ajipear 
swimming  a  little  above  the  bottom — iixjicating 
that  there  is  no  water  above  it  in  the  alt-glass, 
but  only  air,  which  prevents  the  entrance  of  the 
water.  If  the  water  in  the  tumbhr  be  supposed 
to  represent  the  water  of  a  river  or  of  the  sea,  the 
ale-glass  will  represent  the  diving-bell  in  which  a 
person  may  sit  with  safety  in  the  depths  of  the 
sea  without  being  immersed  in  the  water,  provided 
fresh  air  be  supplied.  A  small  quantity  of  water 
will  be  found  to  have  entered  the  ale-glass,  and 
the  deeper  it  is  plunged  in  any  vessel  the  higher 
will  the  water  rise  within  it;  which  proves  the 
compressibility  of  the  air  within  the  glass. 

The  diving-bell  has  been  much  used  of  late  in 
recovering  valuable  articles  from  the  wrecks  of 
ships  that  had  sunk  in  deep  water,  and  iu  blowing 
up  such  wrecks  as  are  sunk  near  the  mouths  of 
rivers,  and  form  impediments  to  navigation — by 
means  of  powder  ignited  by  the  electric  spark. 
Major  General  Pasley  has  been  employed  (or  a 
considerable  time  past  in  blowing  up  the  wreck 
of  the  Royal  George  man-of-war,  which  foun- 
dered at  Spithead,  near  Portsmouth,  in  1783. 
Many  of  the  valuable  articles  belonging  to  this 
largest  vessel  of  the  British  navy  have  tiius  been 
recovered.  Five  or  six  divers  have  been  con- 
stantly employed,  and  no  serious  accidents  have 
occurred.  On  the  20th  June,  1842,  3065  cubic 
feet,  or  61  loads  of  timber  had  been  brought  up 
from  the  wreck,  beside  219  pigs  of  iron  ballast, 
weighing  32  tons,  17  cwts.  One  of  the  best 
divers  sent  up  19  pigs  or  nearly  3  tons  in  one 
day.  Most  of  the  iron  and  brass  cannojis  have 
thus  been  got  up;  and  during  the  first  6  or  7 
months  of  1842  more  than  four  thousand  pounds 


•  "Mental  riumination,"  p.  93,  fig.  3, 
t  Ibid.,  p.  93,  fig.  1. 
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of  powder  have  been  expended  in  these  opera- 
tions.— Dr.  Payerne  lias  lately  invented  a  method 
for  producing  pure  air,  in  such  experiments,  fit 
for  the  respiration  of  man,  and  for  supporting 
flame  without  communication  with  the  external 
air,  wliich  lie  has  frequently  successfully  exhil)itcd 
in  Lon  ion,  in  the  diving-bell  of  the  Polytechnic 
Institution;  and  on  the  2d  September,  1842,  he 
put  his  invention  to  the  test  by  descending  at 
Spithead,  along  with  Major  Pasley,  to  the  depth 
of  75  feet,  when  the  water  stood  only  6  inches 
higii  at  the  bottom  of  the  bell.  The  air  they 
breathed  in  the  b;ll  was  perf.'ctly  good;  and  the 
whole  apparatus  for  purifying  it  was  contained  in 
a  case  not  larger  than  a  common  portable  writing- 
desk,  which  requires  onlj'  the  turning  of  a  small 
winch  occasionally,  and  no  science  on  the  part 
of  the  person  in  charge.  When  the  diving-bell 
is  once  filled  with  compressed  air,  either  by  let- 
ting it  escape  from  vessels  previously  filled  with 
it,  or  by  four  men  pumping  for  less  than  half-an- 
hour,  no  more  pumping  is  necessary,  as  the  air 
in  the  bell  never  requires  to  be  changed.  In  the 
common  mode  of  working  the  diving-bell,  on  the 
contrary,  a  powerful  pump,  manned  by  G  or  8 
men,  would  be  require  I,  as  at  vSpithead,  which 
must  be  kept  constantly  at  work  the  whole  time 
that  the  men  are  down  in  the  diving-bell;  and 
this  incessant  pumping  is  so  laborious,  that  from 
12  to  16  men,  working  in  two  reliefs,  are  neces- 
sary for  the  purpose  of  expelling  the  water. — 
Such  inventions  as  that  now  slated  may  be  ap- 
plied to  many  practical  and  beneficial  purposes, 
and  perhaps  to  purposes  more  diversified  and  ex- 
tensive than  we  can,  in  the  meantime,  anticipate. 


Note  III — On  the  ideas  of  Magnitude,  Motion, 
and  Duration,  as  expressed  by  numbers.  See 
p.  39, 41,  etc. 

In  the  pages  referred  to  and  in  other  parts  of  this 
m.ork  some  very  large  numbers  are  expressed  in 
figures.  Some  readers  have  insinuated,  that  it 
would  have  been  better  to  express  such  numbers 
in  words.  The  author,  however,  is  of  a  different 
opinion;  because,  to  some  readers,  not  much  ac- 
quainted with  Numeration,  a  thousand  trillions 
would  convey  nearly  the  same  idea  as  a  thousand 
nonillions,  though  the  one  number  contains  58 
places  of  figures,  and  the  other  only  22.  It  is 
chiefly  the  number  of  figures,  or  ciphers,  in  such 
large  sums,  that  leads  us  to  form  a  comparative 
estimate  of  their  value  or  extent.  Our  ideas  of 
magnitude  and  extension,  conveyed  by  such 
numbers,  must,  of  course,  be  ver/ vague  and  un- 
defined If  we  have  been  accustomed  to  travel- 
ing we  have  a  tolerably  clear  conception  of  a 
hundred,  and  eveii  of  a  thousand  miles;  but  we 
have  no  clear  nor  adequate  conception  of  a  body, 
or  of  a  portion  of  space,  ten  hundred  thousand, 
ten  hundred  millions,  or  ten  iiundred  billions  of 
miles  in  extent.  The  mind,  however,  may  be 
assisted  in  its  conceptions,  and  in  its  comparative 
«stimate  of  different  numbers,  by  fixing  on  some 
particular  number  as  a  standard.  If,  according 
to  the  common  reckoning,  we  suppose,  that  582-^ 
years  have  elapsed  since  the  commencement  of 
time,  the  numbers  of  seconds,  or  moments,  in 
this  period,  will  amount  to  183,913,782,212,  or 
lOne  hundred  and  eighty-three  thousand,  nine 
hundred  and  thirteen  millions,  seven  hundred  and 
eighty-two  thousand,  two  hundred  and  twelve, 
which  is  less  than  a  fifth  part  of  a  billion.  If  the 
distance  of  the  nearest  stars  from  the  earth  be  at 


least  20  billions  of  miles,  then  this  distance  may 
be  otherwise  expressed,  by  saying,  that  the  num- 
ber of  miles  which  intervene  between  us  and 
these  bodies  is  more  than  a  hundred  times  grealet 
than  the  number  of  moments  which  have  elapse-d 
since  the  creation;  and,  by  a  similar  comparison. 
it  will  be  found,  that  the  number  ol' cubical  mil.'-s, 
within  the  limits  of  the  idanetnrv  f^  stem,  is  1  i2,- 
()0O,O[UI,O!)(),O().),nijn,  or,  one  bundred  and  tairt)'- 
two  thousand  billions  of  tiujes  greater  than  tha 
number  of  moments  in  5828  years. 

It  has  been  comiiuted,  that  the  earth,  supposing 
it  a  solid  glob',  contains  about  3!),',)iJ  ),!) )),  iJO,- 
000,OOi),00;),On:»,0!)a,0!J!),01IO,  or  thirty  quinlidions 
of  grains  of  sand,  supposing  a  hundred  grains  of 
sand  to  be  equal  in  length  to  an  inchj  anJ,  conse- 
quently, a  million  of  such  grains  for  every  cubi- 
cal inch.  If  we  use  this  number  as  a  standard 
for  estimating  the  number  of  cubical  miles  con- 
tained within  the  space  which  intervenes  l)etween 
us  and  the  nearest  stars,  we  shall  find  that  the 
number  of  cubical  miles  comprehended  within  this 
space  is  more  than  ten  thonsan  i  millions  of  limes 
greater  than  the  number  of  the  grains  of  sand 
contained  in  the  globe  on  which  we  dwell. 

Though  the  human  mind  can  form  no  definite 
conceptions  of  such  numbers  and  magnitudes, 
yet  it  may  be  useful  occasionally  to  ruminate  on 
such  subjects;  as  it  is  the  only,  or  at  least  llie  prin- 
cipal mo  le  by  which  limited  minis  like  ours  can 
approxiniate  to  an  idea  of  the  infinity  of  the  Cre- 
ator. And  if  an  iniaje  of  infinity  is  pres  nt?d  to 
the  mind  in  the  spaces  comprehended  witain  tiie 
limits  of  our  system,  how  overpowering  the  con- 
ception of  innumerable  systeais,  to  which  ours 
bears  no  more  proportion  than  a  drop  of  water  to 
the  mighty  oceani  How  ineffably  gloious  must 
be  the  attributes  of  that  Incomprehensible  Being 
who  pervades  every  part  of  this  vast  universe, 
and  who  continually  superintends  all  its  minute 
and  diversified  movements  I 


NoTF.  IV,  p.  58. — On  the  means  by  which  it  may  pro- 
bably be  ascertained  whether  the  Moon  be  a  habi- 
table  world. 

About  the  year  1818,  the  Author  published  in 
the  Monthly  Magazine,  a  few  observations  on  tho 
surface  of  the  Moon,  in  which  a  f-w  remtrka 
were  offered  on  this  subject.  The  following  is 
an  extract  from  that  communication: — 

"If  we  bo  ever  to  obtain  an  oenlir  demonstra- 
tion of  the  habitability  of  any  of  tho  celestial 
orbs,  the  Moon  is  the  only  one  where  we  can  ex- 
pect t )  trace,  by  our  telescopes,  indications  of  the 
agency  of  sentient  or  intelligent  beings;  and  I 
am  pretty  much  convinced,  that  a  long-continued 
«eries  of  observations  on  this  planet,  by  a  number 
of  individuals  in  different  places,  nii;;iit  com- 
pletely set  at  rest  the  question,  'Wli-ther  the 
Moon  be  a  habitable  world.'  Were  a  vast  num- 
ber of  persons,  in  different  parts  of  the  world,  to 
devote  themselves  to  a  particular  survey  of  th* 
Moon — were  different  portions  of  hei-  surfice  al- 
lotted to  different  individuals,  as  the  object  of  theii 
particular  rese  ii-ch — were  every  mountain,  hill, 
cavern,  cliff,  and  plain,  accurately  inspected — and 
every  change  and  modification  in  the  appearance 
of  particular  spots  carefully  marked  and  re])ie- 
sented  in  a  series  of  delineations,  it  might  lead  t<» 
some  certain  conclusions,  both  as  to  her  physical 
constitution,  and  her  ultimate  destination.  It  can 
be  demonstrated,  that  a  telescope  which  magni- 
fies 100  times,  will  show  a  spot  on  the  Moou'» 
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Burfaco,  whose  diameter  is  1223  yards;  and  one 
whicli  magnifies  1000  times,  will,  of  course,  ena- 
ble us  to  perceive  a  portion  of  her  surface,  whose 
Bizf  is  only  122  yards;  and,  consequently,  an 
object,  wliether  natural  or  artificial,  of  no  greater 
extcut  than  one  of  our  large  edifices  (such  as  St. 
Paul's  cathedral,  London),  may,  by  such  an  in- 
Btrument,  be  easily  distinguished.  Now,  if  every 
minute  point  on  the  lunar  surface  were  accurately 
marked  by  numerous  observers,  it  might  be  ascer- 
tained whether  any  changes  are  taking  place, 
eithi^r  from  physical  causes,  or  from  the  opera- 
tions of  intelligent  agents.  If  a  large  forest  were 
cutting  down — if  a  city  were  building  in  an  open 
plain,  or  extending  its  former  boundaries — if  a 
barren  waste  were  changing  into  a  scene  of 
vegetation  —  or,  if  an  immense  concourse  of 
animated  beings  were  occasionally  assembled  on 
a  particular  spot,  or  shifting  from  one  place  to 
another — such  ciianges  would  be  indicated  by 
certain  modifications  of  shade,  color,  or  motion; 
and,  consequently,  would  furnish  a  direct  proof 
of  the  agency  of  intelligent  beings  analogous  to 
man,  and  of  the  Moon  being  a  habitable  globe. 
For  although  we  may  never  be  able  to  distinguish 
the  inhabitants  of  the  Moon  (if  any  exist),  yet  if 
we  can  trace  those  effects  which  can  flow  only 
from  the  operations  of  intelligent  agents,  it  would 
form  a  complete  demonstration  of  their  existence, 
on  the  same  ground  on  which  a  Navigator  con- 
cludes an  unknown  island  to  be  inhabited,  when 
he  perceives  human  habitations  and  cultivated 
fields. 

"  That  changes  occasionally  happen  on  the 
lunar  hemisphere,  next  the  earth,  appears  from 
the  observations  of  Herschel  and  Schroeter,  parti- 
cularly from_  those  of  the  latter.  In  the  Transac- 
tions of  the  Society  of  Natural  Philosophy  at 
Berlin,  Schroeter  relates,  that,  on  the  30th  De- 
cember, 1791,  at  five  o'clock,  p.  m.,  with  a  seven 
feet  reflector,  magnifying  161  times,  he  perceived 
the  commencement  of  a  small  crater  on  the  south- 
west declivity  of  the  volcanic  mountain  in  the 
Mare  Orisium,  having  a  shadow  of  at  least  2"-5. 
On  the  11th  January,  at  twenty  minutes  past  five, 
on  looking  at  this  place  again,  he  could  see  neither 
the  new  crater,  nor  its  shadow.  Again,  on  the  4th 
January,  1792,  he  perceived,  in  the  eastern  crater 
of  Helicon,  a  central  mountain,  of  a  clear  gray 
color,  3"  in  diameter,  of  which,  during  many 
years'  observations,  he  had  perceived  no  trace. 
'This  appearance,'  he  adds,  'is  remarkable,  as 
probably  from  the  time  of  Hevelius,  the  western 
part  of  Helicon  has  been  forming  into  its  present 
shape,  and  Nature  seems,  in  that  district,  to  be 
particularly  active.' — In  making  such  minute  ob- 
servations as  those  to  which  I  allude,  it  would  be 
firoper,  along  with  an  inspection  of  the  Moon's 
uminous  disc,  to  mark  the  appearances  of  dif- 
ferent portions  of  her  dark  hemisphere,  when  it  is 
partially  enlightened  by  the  r^'flected  light  from 
the  earth,  soon  after  the  appearance  of  new  moon. 
These  researches  would  require  a  long -continued 
series  of  the  most  minute  observations,  by  nume- 
rous observers  iix  difTerent  regions  of  the  globe, 
which  could  be  efft'cted  only  by  exciting,  among 
the  bulk  of  mankind,  a  general  attention  to  such 
invesngations.  But  were  this  object  accomplish- 
ed, and  were  numerous  observations  made  from 
the  tops  of  mountains,  and  in  the  serene  sky  of 
soutliern  climes,  where  the  powers  of  the  telescope 
are  not  counteracted  by  dense  vapors,  there  can 
be  little  doubt  that  direct  proofs  would  be  obtain- 
ed, that  the  Moon  is  a  habitable  world;  or,  at 
least,  that  the  question  in  relation  to  this  point 
would  be  completely  set  at  rest." 


Note  V. — Remarks  on  the  pretended  discovery  of  a 
Lunar  Fortification. 

The  British  public,  not  long  ago,  was  amused 
by  the  announcement  of  a  discovery  said  to  have 
been  made  by  Professor  Frauenhofer  of  Munich 
This  gentleman  was  said  to  have  discovered  a  for- 
tification in  tlie  Moon,  and  to  have  distinguishes 
several  lines  of  roads,  supposed  to  be  the  work  of 
the  lunar  inhabitants.  It  is  scarcely  necess.iry  to 
say,  that  such  announcements  are  obviously  ;'re- 
mature.  To  perceive  distinctly  the  shap-  of  an 
object  in  the  Moon,  which  resembles  a  fortifica- 
tion, it  is  requisite,  that  that  object  be  of  a  much 
larger  size  than  our  terrestrial  ramparts.  Beside, 
although  an  object  resembling  one  of  our  fortifica- 
tions were  perceived  on  the  surface  of  the  Moon, 
there  would  be  no  reason  to  conclude,  that  it 
served  the  same  purpose  as  fortifications  do  among 
us.  We  are  so  much  accustom.';d  to  war  in  our 
terrestrial  system,  and  reflect  so  little  on  its  diabo- 
lical nature,  that  we  are  apt  to  imagine  that  it 
must  form  a  necessary  employment  even  in  other 
worlds.  To  be  assured  that  a  fortification  existed 
in  the  Moon  for  the  same  purposes  as  with  us, 
would  indeed  be  dismal  tidings  from  another 
world;  for  it  would  be  a  necessary  conclusion, 
from  such  intelligence,  that  the  inhabitants  of 
that  globe  are  actuated  by  the  same  principles  of 
depravity,  ambition,  and  revenge,  which  have  in- 
fected the  moral  atmosphere  of  our  sublunary 
world.  With  regard  to  the  pretended  discovery 
of  the  lunar  roads,  it  may  not  be  improper  to  re- 
mark, the^t  such  roads  behooved  to  be  at  least  400 
feet  broad,  or  ten  times  the  breadth  of  ours,  in 
order  to  be  perceived  as  faint  lines  through  a  tele- 
scope which  magnifies  a  thousand  times;  which 
is  a  higher  power,  I  presume,  than  Frauenhofer 
can  apply  with  distinctness  to  any  of  his  telescopes. 
It  is  not  at  all  likely  that  the  lunar  inhabitants  are 
of  such  a  gigantic  size,  or  employ  carriages  of 
such  an  enormous  bulk,  as  to  require  roads  of 
such  dimensions,  since  the  whole  surface  of  the 
Moon  is  only  the  thirteenth  part  of  the  area  of 
our  globe. 

Schroeter  conjectures  the  existence  of  a  great 
city  to  the  north  of  Marias  (a  spot  in  the  Moon), 
and  of  an  extensive  canal  toward  Hygena  (an- 
other spot),  and  he  represents  part  of  the  spot 
named  Mare  Imbrium,  to  be  as  fertile  as  the  Cam- 
pania. See  Edin.  Phil.  Jour.,  No.  21,  for  July, 
1824.  Similar  remarks  to  those  now  stated  will 
apply  to  these  conjectures  of  Schroeter.  We  are 
too  apt  to  imagine,  that  the  objects  we  perceive  in 
the  Moon  must  bear  a  certain  resemblance  to 
those  with  which  we  are  acquainted  on  the  Earth; 
whereas  there  is  every  reason  to  believe,  from  the 
variety  we  perceive  in  nature,  that  not  one  world 
resembles  another,  except  in  some  of  its  more 
prominent  and  general  arrangements.  The  moon 
bears  a  general  resemblance  to  the  Earth,  in  its 
being  diversified  with  mountains  and  valleys;  but 
the  positions  and  arrangement  of  these  objects  in 
the  Moon,  and  the  scenery  they  exhibit,  are  ma- 
terially different  from  what  appears  on  the  surface 
of  the  terraqueous  globe. 


Note  VI,  p.  89. — On  a  Plurality  of  Worlds. 

The  doctrine  of  a  plurality  of  worlds  is  now 
admitted  as  highly  probable,  both  by  philosophers 
and  by  enlightened  divines.  But  it  has  been  ad- 
mitted by  many  persons  en  grounds  that  are  too 
general  and  vague,  and,  consequently,  a  full  con- 
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viciion  of  its  truth  is  seldom  produced  in  the  mind. 
Indifferent  parts  of  the  preceding  volume,  I  have 
all  along  taken  it  for  granted,  b."cause  I  consider 
it  as  wisceptible  of  a  moral  demonstratkm. — The 
following  heads  of  argument,  were  they  fully 
illustratetl,  would  go  far  to  carry  demonstration 
to  the  mind  on  this  subject;  namely,  That  there 
are  numerous  bodies  in  ths  universe  of  a  bulk 
sufRcient  to  contain  myriads  of  intelligent  beings, 
and  to  afford  them  enjoyment — that  there  appears, 
in  the  constitution  of  many  of  these  bodies,  a 
variety  of  arrangements  evidently  adapted  to  this 
end — that,  in  relation  to  the  planets  of  our  system, 
there  are  many  circumstances  which  bear  a  strik- 
ing resemblance  to  the  constitution  of  our  globe 
and  its  appendages.  They  have  annual  and  uiur- 
iial  motions,  moons,  atmospheres,  mountains,  and 
vales — that  light,  and  heat,  and  color,  appear  to  be 
distributed  throughout  the  regions  of  immensity; 
and  that  these  agents  can  have  a  relation  only  to 
the  necessities  and  the  happiness  of  organized 
intelligences — that  every  part  of  nature,  so  far  as 
our  observations  on  the  surface  of  this  globe  ex- 
tend, appears  to  exist  solely  for  the  sake  of  sen- 
tient beings — that  this  doctrine  is  more  worthy  of 
the  Infinite  Creator,  and  gives  us  a  more  glorious 
and  magnificent  idea  of  his  nature,  than  to  sup- 
pose his  benevolent  regards  confined  to  the  globe 
on  which  we  dwell.  When  these  and  a  variety 
of  other  arguments  are  considered,  in  connection 
with  the  Wisdom  and  other  attributes  of  the  Deity, 
they  amount  not  only  to  a  high  degree  of  proba- 
bility, but  to  something  approaching  to  a  moral 
demonstration.  But  to  illustrate  these  arguments 
in  minute  detail,  so  as  to  make  a  convincing  im- 
pression on  the  mind,  would  require  a  volume  of 
a  considerable  size.  The  Author  flatters  himself 
he  has  some  original  thoughts  on  this  subject, 
which  may  probably  see  the  light,  should  the  pre- 
sent work  meet  with  public  acceptance.  There 
is  no  work  in  our  language,  which  takes  an  ex- 
tensive view  of  this  subject,  in  connection  with 
tlie  attributes  of  Deity  and  the  intimations  con- 
tained in  Divine  Revelation.  Fontenelle's  "  Plu- 
rality of  Worlds,"  contains  a  number  of  ingenious 
reasonings;  but  he  treats  the  subject  in  too  light 
and  flippant  a  manner,  and  without  the  least  re- 
ference to  a  Supreme  Intelligence.  The  cele- 
brated Huygens,  in  his  ^'Cosmoiheoros,''''  instead 
of  attempting  to  prove  the  doctrine  of  a  plurality 
of  worhis,  takes  it  for  granted,  and  indulges 
chiefly  in  conjectures  respecting  the  organical 
structure  and  faculties  of  their  inhabitants.* 

That  the  Scriptures  are  silent  on  this  head,  has 
been  assumed  by  some  as  a  presumptive  argu- 
ment that  this  doctrine  was  without  solid  founda- 
tion. I  have  already  endeavored  to  show  that 
this  assumption  is  unfounded'?t  A  plurality  of 
worlds  is  more  than  once  asserted  in  Scripture, 
and  in  numerous  passages  is  evidently  taken  for 
granted.  Celestial  intelligences  are  represented  as 
ascrildng  "glory,  honor,  wisdom,  ana  power"  to 
the  King  of  heaven,  "because  he  hath  created  all 
things,  and  because  they  perceive  his  works  to  be 
•great  and  marvelous.'"  But  if  all  the  great 
globes  in  the  firmament  were  only  so  many  fright- 
ful deserts,  destitute  of  inhabitants,  such  a  uni- 
verse could  never  inspire  superior  intelligences 
with  admiration  of  the  wisdom  of  the  Creator. 
For  wisdom  consists  in   proportioning  means  to 


ends;  but,  in  the  case  supposed,  thoro  would  b9 
no  proportion  between  the  means  and  the  end 
The  means  yre  indeed  great  and  astonishing;  bu 
no  end  appears  to  justify  such  a  display  of  cre- 
ating energy. — The  Psalmist,  when  he  contem- 
plated the  heavens,  was  so  affected  with  the  idea 
of  the  immense  population  of  the  universe,  that  he 
seems  to  have  been  almost  afraid  lest  he  should  be 
overlooked  amidst  the  immensity  of  beings  that 
are  under  the  superintendence  of  God:  "When  I 
consider  thy  heavens — what  is  man  that  lho>i  art 
mindful  of  him  I"  There  would  be  no  prop.'iety 
nor  emphasis  in  this  exclamation,  if  the  heai'eiily 
orbs  were  devoid  of  inhabitants;  for,  if  no  infelli- 
gent  beings  exist  beside  man,  and  a  colony  oi  an- 
gels, it  would  not  appear  wonderful  that  the 
Creator  should  exercise  a  particular  care  over  the 
one-half  of  his  intelligent  offspring.  But  if  we 
conceive  the  universe  as  composed  of  ten  th.ou- 
sand  times  ten  thousand  worlds  peopled  with 
myriads  of  intellectual  beings  of  various  orcK^rs, 
the  sentiments  of  admiration  implied  in  the  pas- 
sage is  extremely  natural  and  emphatic,  and  con- 
veys to  us  an  impressive  idea  of  the  Intelligence, 
the  Beneficence,  and  the  Condescension  of  th» 
Founder  and  Governor  of  all  worlds. 


*  t^ince  the  first  editions  of  this  work  were  publislied,  the 
Buthoi  has  fully  illiistrateil  the  topics  above  stated,  along 
wuli  other  l<iiid(ed  subjects,  in  his  volumes  entitled  "Celes- 
tial  Scenery,"  and  "Tlie  i^iderea!  Heavens,"  which  are  em- 
bellished with  numerous  engravings. 

t  t<ee  p.  8a. 


Note  VII,  p.  96. — The  Daguerreotype. 

The  only  deficiency  in  the  pictures  produced 
by  means  of  the  process  discovered  by  Daguerro 
is,  that  they  do  not  represent  objects,  in  their  na- 
tural colors,  as  exhibited  by  a  convex  lens  in  a 
dark  chamber.  It  is  not  uidikely,  however,  thai 
even  this  perfection  may  soon  be  attained.  It 
has  been  just  now  (Sept.  1842)  stated  in  the  pub- 
lic journals,  that  iMr.  Isenrig,  a  painter  at  Munich, 
has  announced,  that  he  has  discovered  a  process 
by  which,  through  the  daguerreotype,  he  can  de- 
pict all  the  objects  in  nature  with  the  brilliancy 
of  the  colors,  so  as  to  bear  comparison  with  the 
finished  productions  of  the  first  artists. — If  this 
announcement  be  correct,  we  may  soon  expect  to 
have  all  the  most  interesting  views  of  the  scenery 
of  nature  and  the  operations  of  art  depicted  with 
an  accuracy  and  a  beauty,  which  have  hitherto 
been  unattainable  by  the  most  celebrated  artists. 


Note  VIII,  p.  99. — Electro-Magnetic  Machines. 

The  possibility  of  moving  small  pieces  of 
mechanism  by  the  action  of  the  electro-mtignetic 
power  has  been  known  for  some  time  past,  but  it 
seems  never  to  have  been  practically  applied  on  a 
large  scale  until  in  1837  it  was  adapted  to  the  pro- 
pulsion of  a  boat  on  the  river  Neva,  by  Profe:'3or 
Jacobi  of  Petersburg.  On  the  25th  September, 
1B:J8,  a  galley,  28  feet  in  length  and  7}^  in 
breadth,  was  provided  with  paddles  similar  to 
those  of  a  steam  vessel.  The  action  was  pro- 
duced from  .320  pair  of  plates,  arranged  along  the 
sides  of  the  galley,  room  being  left  for  twelve  per- 
sons The  vessel  was  made  to  proceed  against  the 
stream,  and  the  speed  attained  in  still  water  was 
three  English  miles  per  hour.  The  plan  consist- 
ed in  rai)idly  reversing  the  poles  during  the  action 
— Since  the  above  period  a  machine  has  been  con- 
trived by  Mr.  R.  Davidson  of  Abenle^n,  in  which 
a  reiterated  series  of  attractions  are  employed  to 
produce  the  effect.  The  following  is  a  brief  ac- 
count of  Mr.  Davidson's  experiments,  abridged 
from  a  letter  of  Professor  Forbes  of  King's  Col- 
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lege,  Aberdeen.  Mr.  R.  Davidson  has  made  an 
arrangement  by  which,  with  only  two  electro- 
magnets, and  less  than  one  square  foot  of  zinc 
surface  ( the  negative  metal  being  copper )  a 
lathe  is  driven  with  such  velocity,  as  to  be  capa- 
ble of  turning  small  articles.  He  has  another  ar- 
rangement by  which,  with  the  same  small  extent 
of  galvanic  power,  a  small  carriage  is  driven,  on 
which  two  persons  are  carried  along  a  very  coarse 
wooden  floor  of  a  room.  He  has  likewise  a  third 
arrangement  not  yet  completed,  by  which,  from 
the  imperfect  experiments  he  has  made,  he  expects 
to  gain  very  considerably  more  force  from  the 
same  extent  of  galvanic  power  than  from  either 
of  the  other  two.  The  first  two  machines  are 
exceedingly  simple,  without  the  least  complexity, 
and  therefore  easily  manageable,  and  not  liable  to 
derangement,  and  they  take  up  very  little  room. 
As  yet,  the  extent  of  power  of  which  they  are 
Capable  has  not  been  at  all  ascertained,  as  the  size 
of  the  battery  employed  is  so  trifling,  and  the 
magnets  so  few;  but  it  seems  probable  that  a  very 
peat  power,  in  no  degree  inferior  even  to  that  of 
steam,  but  much  more  manageable,  much  less  ex- 
pensive, and  occupying  greatly  less  space — if  the 
coals  be  taken  into  account — may  be  obtained. 
The  Professor  considers  Mr.  Davidson's  inven- 
tions to  be  so  interesting  to  railroad  proprietors  in 
particular,  that  it  would  be  much  for  their  in- 
terest to  take  up  the  subject  and  be  at  the  expense 
of  making  the  experiments  necessary  to  bring  this 
power  into  operation  on  a  great  scale.' — The  dif- 
ference between  Professor  Jacobi's  plan  and  Mr. 
Davidson's  is  this; — that  Jacobi  produces  motion 
Dy  changing  the  poles  of  the  magnets,  and  Mr. 
Davidson,  by  cutting  off"  the  galvanic  current  at 
given  points — the  power  of  alternating  as  the 
rotation  proceeds,  from  a  neutralized  magnet  to  a 
newly  changed  one.  In  both  experiments  it  has 
been  clearly  demonstrated  that  the  power  of  the 
magnet  is  increased,  by  increasing  the  diameter, 
and  adding  to  the  length  of  the  helix.  The 
power  is  also  increased  by  increasing  the  size 
of  the  bars. 


Note  IX,  p.  114. — On  the  first  Inventor  of  Print- 
ing. 

Mr.  Ireland,  in  his  "Picturesque  Tour  through 
Holland,  Brabant,  and  part  of  France,  in  1789," 
gives  the  following  account  of  the  Inventor  of 
Printing,  when  describing  the  city  of  Ilaerlem. 

"  Haerlem  claims  the  invention  of  the  art  of 
Printing.  It  is  attributed  to  Lawrence  Koster,  an 
alderman  of  this  city,  in  1440;  whose  house  is 
yet  standing  in  the  market-place,  opposite  the 
church.  Amusing  himself  one  day  in  the  neigh- 
boring wood,  with  cutting  the  bark  of  trees  into 
letters  that  formed  the  initials  of  his  name,  he  is 
said  to  have  laid  them  on  paper,  and,  falling  asleep, 
when  he  awoke,  observed,  that,  from  the  dew  their 
form  was  impressed  on  the  paper.  This  accident 
induced  him  to  make  further  experiments;  he  next 
cut  his  letters  in  wood,  and,  dipping  them  in  a 
glutinous  liquid,  impressed  them  on  paper,  which 
he  found  an  improvement;  and,  soon  after,  sub- 
stituting leaden  and  pewter  letters,  erected  a  press 
in  his  house;  thus  laying  the  foundation  of  this 
noble  art,  which  has  thence  gradually  arisen  to  its 
present  excellence. — The  art,  it  is  said,  was  stolen 
from  him  by  his  servant,  John  Faustus,  who  con- 
veyed it  to  Mentz,  and,  from  the  novelty  of  the 
discovery,  soon  acquired  the  title  of  Doctor  and 
Ccnjurer.  The  original  specimens  are  now  shown 
at  the  Library  in  the  Town  Hall.     The  first  is  on 


a  leaf  of  parchment,  and  the  second  and  third  on 
paper,  printed  only  on  one  side,  and  the  corners 
left  blank  for  capitals.  At  the  top  are  wooden 
cuts,  representing  the  Creation,  and,  as  it  is  call- 
ed, Lucifer's  Fall."— pp.  109-111. 


Note  X,  p.  117. — On  Telescopes;  with  a  brief  no- 
tice of  a  New  Reflecting  Telescope,  construct- 
ed by  the  Author. 

It  is  doubtful  to  what  particular  individual  we 
owe  the  invention  of  the  telescope.  Some  have 
supposed  that  Roger  Bacon  and  Baptista  Porta  in- 
vented this  instrument.  Borelli  ascribes  the  in- 
vention to  Zacharias  Jansen,  a  native  of  Middle- 
berg.  Perhaps  the  account  given  in  the  article  to 
which  this  note  refers,  and  which  is  stated  by  a 
variety  of  authors,  may  be  as  probable  as  any 
other.  It  is  certain  the  telescope  was  not  in 
general  use  until  the  beginning  of  the  17th  cen- 
tury, and  that  no  discoveries  in  the  heavens  were 
made  with  it  until  the  year  1609 

There  are  two  kinds  of  telescopes,  Refracting 
and  Reflecting.  In  refracting  telescopes,  the  rays 
of  light  pass  through  convex  or  concave  glasses 
or  lenses.  The  object-glass  is  always  convex,  and 
forms  an  image  or  picture  of  the  object  in  an  in- 
verted position  in  its  focus,  which  image  is  viewed 
by  the  eye-glass;  and  the  magnifying  power  is  in 
the  proportion  of  the  focal  distance  of  the  object- 
glass  to  that  of  the  eye-glass.  The  focal  distance 
of  a  convex  glass  may  be  ascertained  by  holding 
it  in  the  rays  of  the  sun,  opposite  to  a  piece  of 
white  paper,  and  measuring  the  distance  between 
the  glass  and  the  white  spot,  or  burning  point, 
formed  on  the  paper.  An  astronomical  telescope 
for  viewing  celestial  objects  may  be  constructed 
with  only  two  glasses.  If  an  object-glass,  30 
inches  focal  distance,  be  fixed  in  the  end  of  a  tube, 
and  an  eye-glass  of  one  inch  focus  be  placed  at 
the  other  end,  at  the  distance  of  31  inches  from 
the  object-glass,  a  telescope  will  be  formed  which 
will  magnify  in  the  proportion  of  one  to  thirty,  or 
30  times;  that  is,  objects  seen  through  such  a  tele- 
scope will  appear  thirty  times  larger  in  diameter, 
or  thirty  times  nearer  than  to  the  naked  eye.  By 
such  an  instrument,  the  inequalities  on  the  Moon's 
surface,  and  some  of  the  satellites  of  Jupiter,  may 
be  perceived;  but  when  directed  to  land  objects, 
they  will  appear  inverted  or  turned  npside  down. 
In  order  to  reverse  the  appearance  of  the  object, 
two  other  eye-glasses  are  required; — or,  if  a  con- 
cave eye-glass  of  a  similar  focus  be  placed  at  29 
inches  from  the  object-glass,  the  object  will  appear 
in  its  natural  position,  and  the  magnifying  power 
will  be  the  same;  but  the  field  of  view  will  be 
much  smaller.  Astronomical  telescopes  of  this 
construction  were  formerly  made  of  120,  and  even 
of  200  feet  in  length,  and  were  used  without  a 
tube;  the  object-glass  being  placed  on  the  top  of 
a  long  pole;  but  these  are  now  entirely  superseded 
by  achromatic  telescopes.  In  the  achromatic  tele- 
scope, the  object-glass  is  compounded  of  two,  and 
sometimes  of  three  lenses,  placed  close  to  each 
other,  one  of  which  is  a  double  concave  of  white 
flint  glass,  and  the  other  a  double  convex  of  crown 
glass.  By  this  means  an  image  is  formed  without 
being  blended  with  the  prismatic  colors;  and  it 
will,  therefore,  bear  a  large  aperture,  and  a  much 
greater  magnifying  power,  than  a  common  refrac- 
tor. A  good  achromatic  telescope  four  feet  long 
will  magnify  objects  as  much  as  a  common  re- 
fractor 100  feet  long. 

In  Reflecting  telescopes  the  images  of  objects 
are  formed  by  speculums  or  mirrors,  instead  of 
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lensi^s.  They  are  of  two  kinds,  the  Gregorian  and 
tiwNiwtonian.  Tlie  Gregorian  Reflector  consists 
of  a.  tube  in  wliich  a  concave  mirror,  liaving  a 
hole  in  its  center,  is  placed.  The  rays  of  light 
from  distant  objects  falling  upon  this  mirror,  form 
an  linage  before  it,  in  its  center  or  focus.  This 
image  is  intercepted  bv  a  smaller  mirror,  which 
refl  'cts  it  back,  through  the  hole  in  the  large  mir- 
ror to  an  eye-glass,  through  which  the  observer 
views  tiie  object.  In  the  Newtonian  Reflector,  a 
pla:i'  mirror,  placed  at  an  angle  of  4.)  degrees,  is 
subsliiuleJ  in  place  of  the  small  mirror,  in  the 
Grfgorian  construction,  and  the  observer  looks 
upon  the  obiect  through  the  side  of  the  tube.  Sir 
David  Brewster  has  suggested  an  interesting  im- 
provement in  the  construction  of  this  instrument, 
which  is  described  in  the  Edin.  Encyc,  Art.  Optics, 
p.  644. 

Nkw  Reflector. — Several  years  ago,  the  Author 
commi-nced  a  series  of  experiments  on  Reflecting 
Telescopes;  and  has  lately  constructed  several  on 
a  new  plan  and  principle.  In  this  construction 
there  is  no  small  speculum,  either  plane,  convex, 
or  concave;  there  is  no  tube,  except  a  short  one 
of  two  or  three  inches  in  length,  for  holding  the 
speculum.  The  observer  sits  with  his  back  to  the 
object,  and  views  the  image  formed  by  the  specu- 
lum through  an  eye-piece,  which  requires  to  be 
nicely  directed  and  adjusted.  Three  or  four  in- 
struments of  this  construction  have  been  fitted  up, 
with  specula  of  16,  28,  35,  and  49  inches  focal 
distance.  One  of  them,  having  a  speculum  of 
eight  inches  focus,  and  two  inches  diameter,  with 
a  terrestrial  eye-piece,  magnifying  about  25  times, 
forms  an  excellent  parlor  telescope  for  viewing 
land-objects,  and  exhibits  them  in  a  brilliant  and 
novel  aspect.  When  compared  with  a  Gregorian 
of  the  same  size  and  magnifying  power,  the  quan- 
tity of  light  upon  the  obj'^ct  appears  nearlj'  dou- 
bled, and  the  image  is  equally  distinct.  It  represents 
objects  in  their  natural  colors,  without  that  dingy 
and  yellowish  tinge  which  appears  when  looking 
through  a  Gregorian.  Another  of  these  instru- 
ments, having  a  speculum  of  28  inches  focal  dis- 
tance, and  an  eye-piece  producing  a  magnifying 
power  of  about  100  times,  serves  as  an  excellent 
astronomical  telescope.  By  this  instrument  the 
belts  and  satellites  of  Jupiter,  the  ring  of  Saturn, 
and  the  mountains  and  cavities  of  the  Moon,  may 
be  contemplated  with  great  ease  and  distinctness. 
By  placing  the  pedestal  on  the  floor  of  the  apart- 
ment, when  the  object  is  at  a  hyh  elevation,  we 
can  view  celestial  phenomena  with  the  same  ease 
as  if  we  were  sitting  at  a  writing-desk  reading  a 
book.  With  a  magnifying  power  of  about  40 
times  applied  to  this  telescope,  terrestrial  objects 
appear  extremely  bright  and  well  defined.  A  spe- 
culum of  49  inches  focal  distance,  and  6}-^  inches 
diameter,  has  lately  been  fitted  up  on  the  same 
principle.  With  magnifying  powers  of  from  100 
to  130  times,  it  exhibits  distinct  and  interesting 
views  of  the  Moon's  surface  and  of  the  ring  of 
Saturn,  and  with  a  power  of  56  times  it  affords  a 
beautiful  view  of  land  objects.  The  specula  used 
in  some  of  these  instruments  are  far  from  being 
good;  being  of  a  yellowish  color,  and  scarcely 
half  polished,  and  having  large  holes  in  the  center; 
as  they  were  originally  intended  for  Gregorian  re- 
flectors; yet  the  brightness  of  vision  approaclies 
nearly  to  that  of  Achromatic  Telescopes.  The 
experiments  which  have  been  made  on  this  sub- 
ject demonstrate,  that  a  tube  is  not  necessary  for  a 
reflecting  Telescope,  when  viewing  either  celestial 
or  terrestrial  objects;  and,  therefore,  this  construc- 
tion of  the  instrument  may  be  denominated.  The 
Aerial  Reflector.     The  simplicity  of  the  con- 


struction, and  the  excellence  of  the  performance 
of  these  instruments,  have  been  much  admired  by 
sever*!  icientific  gentlemen  to  whom  they  hav9 
been  exhibited.* 

In  the  system  of  Optics,  lately  published  in  the 
Edinburgh  Encyclopedia  (,one  of  the  most  lumi- 
nous and  comprehensive  treatises  which  has  yet 
appeared  on  this  subject),  the  writer  in  his  intro- 
duclion  to  the  account  of  Sir  D.  Brewster's  im- 
provenT^nt  on  the  Newtonian  Telescope,  remarks: 
— "  If  we  could  dispense  with  the  use  of  the 
small  specula  in  telescopes  of  modern  length,  by 
inclining  the  great  speculum,  and  using  an  oblique, 
and  consequently  a  distorted  reflection,  as  proposed 
first  by  La  Maire,  we  should  consider  the  Newto- 
nian Telescope  as  perfect,  and,  on  a  large  scale, 
or  when  the  instrument  exceeds  20  feet,  it  has  uur 
doubtedly  this  character,  as  nothing  can  be  more 
simple  than  to  magnify,  by  a  single  eye-glass,  the 
image  formed  by  a  single  speculum. — Asihe,  front 
view  is  quite  impracticable,  and,  indeed,  has  never 
been  attempted  in  instruments  of  a  small  size,  it 
becomes  of  great  practical  consequence  to  remove 
as  much  as  possible  the  evils  which  arise  from 
the  use  of  a  small  speculum,"  etc.  The  instru- 
ments noticed  above  have  effectuated  the  desirable 
object  alluded  to  by  this  respectable  writer;  and 
the  principle  of  the  construction  is  neither  that  of 
Sir  W.  Herschel's  front  view,  nor  does  it  coincide 
with  that  proposed  by  La  Maire,  which  seems  to 
have  been  a  mere  hint,  which  was  never  put  into 
execution. 


Note  XI,  p.  119. — On  Steam  Navigation,  etc. 

The  application  of  steam,  as  a  mechanical  power, 
for  impelling  vessels  and  carriages,  is  one  of  the 
most  brilliant  and  useful  achievements  of  art 
which  distinguish  the  present  age,  and  is  rapidly 
producing  an  important  and  interesting  change 
both  on  inland  and  foreign  intercourse.  The  fact 
that  a  vessel  can  be  impelled  by  steam,  against 
wind  and  tide,  at  the  rate  of  twelve  miles  an 
hour,  an;!  a  carriage  on  a  railway  with  a  velocity 
of  thirty  and  upward,  is  sufficient  to  account  for 
such  a  change,  from  the  "  Report  of  a  Commit- 
tee of  Parliament,"  published  in  1822,  it  appears, 
that  the  first  application  of  steam  to  the  impelling 
of  vessels  was  made  by  an  Englishman  of  the 
name  of  Hull,  who,  in  1736,  obtained  a  patent 
for  the  invention  of  a  steamboat,  to  be  moved 
with  a  crank  and  paddles.  But  it  was  only  in 
lb07  that  the  invention  was  fairly  brought  into 
practical  use  by  Mr.  Fulton,  who  had  the  advice 
and  assistance  of  Mr.  Bell,  a  Scottish  engineei^ 
In  Britain,  the  first  successful  application  of 
steam  to  vessels  was  made  by  Mr.  Bell,t  who  built 
the  Comet,  of  25  tons  and  4  horse  power,  to  ply 
on  the  Clyde.  Glasgow,  which  had  the  honor  of 
introducing  steam  navigation  on  this  side  of  the 
Atlantic,  is  still  the  seat  of  its  greatest  activity. 
In  1840,  there  were  no  less  than  76  steamers  of 


*  The  reader  will  find  a  more  particular  account  of  thesa 
instrumenls,  accompanied  with  engravings,  in  the  Edinburgh 
Philosophical  Journal  tor  July,  1826;  the  "London  Encyclo- 
pedia," Art.  Tf<csro/)C,  and  in  the  "London  Mechanics'  Maga- 
zine" for  August,  IHC6.  The  Author  has  given  a  more  pai- 
ticular  description  of  these  and  various  other  astronomical 
instruments,  in  a  work  recently  published. 

t  It  is  much  to  be  regretted,  and  is  certainly  not  congenial 
to  the  generous  spirit  of  the  age,  that  this  gentleman,  who 
was  among  the  first  inventors  of  steam  navigation,  and  who 
did  so  much  to  promote  its  success  in  the  neighborhood  of 
Glasgow,  never  received  any  public  reward  for  his  services, 
but  was  allowed  to  finish  his  days  in  a  condition  approach- 
ing to  poverty. 
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Tarions  sizes,  comprising  nearly  8000  tons,  plying 
on  tlie  Clyde.  iSome  of  these,  beside  perlorniing 
regular  voyages  to  Inverary,  Canibelton,  Beiiast, 
Dublin,  Londonderry,  Cork,  Bristol,  Liverpool, 
and  other  places,  are  also  performing  tours,  during 
the  summer  months,  to  the  Giant's  Causeway, 
StafTa,  Skye,  and  other  parts  of  the  Western 
Isles,  and  to  Inverness  by  the  Caledonian  canal. 
Steam-vessels  are  also  plying  between  Inverness 
and  London,  Perth  and  Dundee,  Dumfries  and  Li- 
verpool, Aberdeen  and  Leith,  Dundee  and  London, 
Aberdeen  and  London,  Leith  and  Dundee,  Leith 
and  London,  Dover  and  Calais — from  Liverpool  to 
Lisbon,  Cadiz,  Gibraltar.  Malaga,  etc.  In  1840, 
there  were,  throughout  Great  Britain  and  its  colo- 
nies, no  less  than  630  steam-vessels,  possessing  an 
aggregate  burden  of  71,000  tons.  The  rivers  on 
which  these  vessels  cliiefly  i)ly  are  the  Thames, 
the  Severn,  the  Mersey,  the  Tyne,  the  Tay,  the 
Forth,  and  the  Clyde.  From  the  Thames  steamers 
proceed  to  Rotterdam,  Boulogne,  Havre,  and  many 
other  ports  on  the  continent.  From  Liverpool 
eleam-vessels  now  regularly  sail  to  the  West  In- 
dies and  America.  These  vessels  are  of  an  enor- 
mous size.  The  G-reat  Western,  the  first  steamer 
that  sailed  to  America,  is  1340  tons  burden.  The 
Victoria  is  a  vessel  of  500  horse  power,  and  27 
feet  longer  than  our  largest  man-of-war.  The 
British  Queen  measures  in  entire  length  275  feet. 
Her  two  engines  are  of  250  horse  power  each,  and 
she  is  calculated  to  carry  1862  tons.  Her  outward 
voyage  of  18  days  requires  a  consumption  of  540 
tons  of  coal,  and  her  homeward  voyage  of  12  days 
360  tons.  But  larger  vessels  than  even  these  are 
now  in  preparation.  A  regular  communication 
is  also  now  established  by  steam  between  Britain 
and  India,  by  the  Mediterranean,  Egypt,  and  the 
Red  sea. 

Steam  navigation  on  the  continent  is  likewise 
making  rapid  progress.  Steam-vessels  are  now  to 
be  found  on  the  Garonne,  Seine,  Danube,  Rhine, 
Rhone,  lakes  of  Geneva  and  Constance,  etc.  It 
is  likely  that,  in  the  course  of  a  few  years,  such 
conveyances  will  be  established  on  most  of  the 
friths  and  rivers  both  in  Europe  and  America;  and 
the  period  is  no  doubt  hastening  on  when  voyages 
will  be  made  in  such  vehicles  to  the  most  distant 
regions  of  the  world.  A  steam-vessel  has  for 
many  years  been  sailing  regularly,  summer  and 
winter,  between  New  York  and  Ntw  Orleans,  a 
distance  of  2000  miles,  in  an  open  sea,  exposed  to 
great  storms.  On  the  coasts  and  rivers  of  North 
America,  steam  navigation  is  carried  on  to  a  much 
greater  extent  than  in  Great  Britain  or  any  other 
country.  There  are  about  500  steam-vessels, 
most  of  them  of  very  large  size,  plying  on  the 
Ohio,  Mississippi,  and  other  western  waters.  In 
this  country,  steam-vessels  are  fitted  up  with 
every  accommodation  and  elegance  which  art  can 
devise;  so  as  to  produce,  if  possible,  as  great  a 
variety  of  enjoyment  to  passengers  on  sea  as  on 
land.  Mr.  Church,  the  American  consul  in  France, 
in  1822,  invented  a  paddle  that  revolves  on  the 
paddle-wheel  by  a  very  simple  mechanism,  which 
is  found  to  save  power.  In  the  United  States,  a 
new  mode  of  constructing  cabins  has  been  intro- 
duced, so  as  to  place  them  beyond  the  reach  of  in- 
jury from  explosions  of  the  boiler.  "  The  Amer- 
ican steam-vessels  are  larger  than  ours,  and  are 
much  more  used  for  the  conveyance  of  merchan- 
dise. The  average  proportion  is  about  1  horse 
power  for  every  4  tons  of  burden,  computed  in  the 
usual  way.  The  velocity  is  found  to  be  nearly  as 
the  square  of  the  power,  so  that  an  80  horse  power 
engine  will  produce  only  twice  the  velocity  of  one 
of  20  horse  power.    Something  depends  also  on 


the  make  and  size  of  the  vessel.  Sevenil  yi'ars 
ago,  the  Sovereign,  of  210  tons  and  80  liorse  i)ovv- 
er,  went  93*^  miks  an  hour  in  still  walei-;  aiiu  the 
James  Watt,  of  448  tons,  and  100  liort^e  [)uwer, 
10  miles.  For  the  padcile-boards,  the  rule  is,  that 
3-lOths  of  a  square  foot  of  surface  be  immersed 
in  the  water  for  each  horse  power.  Mr.  Glad- 
stone afiirms,  that  so  much  power  is  wastea  in 
displacing  the  water  by  the  stroke  of  the  board, 
that  the  velocity  of  the  ship  is  only  about  one-half 
of  that  of  the  outer  surtace  of  the  padule-wheel. 
There  are  two  sources  of  apprehension  in  f^tfam- 
vcssels — fire  and  the  bursting  of  the  boiler.  With 
regard  to  the  latter,  when  the  boiler  is  of  low 
pressure,  it  is  satisfactorily  establislitd  that  not 
the  smallest  danger  exists.  And  in  the  be.vl  con- 
structed vessels,  the  danger  from  tire  is  complete- 
ly obviated,  by  separating  the  furnace  from  the 
sides  of  the  vessel  by  five  inches  of  water." 

An  interesting  Report  was  published  some  years 
ago  of  a  series  of  experiments,  made  with  a  new 
steam  engine,  invented  by  an  American  machinist, 
called  the  capillary  steam  engine.  Three  great  ob- 
jects are  said  to  be  accomplished  by  this  inven- 
tion— lightness,  safety  and  economy  of  fuel.  In  an 
engine  calculated  for  a  4  horse  power,  the  gene- 
rator is  formed  of  a  copper  tube,  3^4  of  an  inch  in 
diameter,  and  100  feel  long,  which  weighs  about 
16  lbs.  It  is  arranged  in  coils,  one  above  another, 
in  the  form  of  a  sugar  loaf,  oO  inches  high;  the 
bottom  coil  being  18  inches  in  diameter,  and  the 
top  one  considerably  less.  The  wood  is  prepared 
as  is  usual  for  a  stove,  and  put  within  the  coils. — 
The  steam  cylinder  is  formed  of  sheet  copper,  3 
inches  in  diameter,  27  inches  in  stroke,  and,  wilh 
all  its  appendages,  weighs  about  25  lbs.  It  has 
been  ascertained  that  the  generator  and  main  cy- 
linder, with  their  contents  and  appendages,  exclu- 
sive of  fuel,  need  not  weigh  more  than  20  lbs.  to 
tlie  horse  power.  No  harm  can  be  done  by  the 
bursting  of  boilers — even  a  safety-valve  is  con- 
sidered as  useless.  In  the  course  of  the  experi- 
ments, the  experimenters  several  times  burst  the 
tube;  but  so  far  from  doing  any  injury,  it  could 
not  always  be  perceived  by  the  spectators. 

To  ascertain  what  may  be  done  toward  aerial 
navigation  by  steam,  experiments  were  made  on 
the  power  of  wings  in  the  air,  and  on  the  power 
necessary  to  work  them.  The  result  is,  that  it 
requires  a  horse  power  to  every  30  lbs.  in  the  air; 
so  that  a  flying  engine,  to  be  worked  by  charcoal, 
would  weigh  about  30  lbs.  to  the  horse  power, 
wings,  condenser,  and  fuel  included.  It  was  also 
ascertained  by  experiments  and  calculations,  that 
a  balloon  could  be  made  to  carry  a  man  with  an 
engine,  which  would  push  it  at  the  rate  of  15 
miles  an  hour  in  the  air.  A  more  particular  de- 
tail of  these  experiments  may  be  seen  in  the  Lon- 
don Mech.  Mag.,  No.  60,  for  16th  Oct.  1824. 

"  What  steam  is  doing  to  facilitate  intercourse 
by  water,  it  is  also  doing  on  land.  By  means  of 
the  iron-railway,  the  speed  of  traveling  in  steam- 
carriages  is  treble  that  which  is  attainable  by 
horses.  The  railway  course  is  level;  to  accom- 
plish which  the  same  obstacles  have  to  be  over- 
come in  its  construction  that  are  met  with  in 
making  a  canal  —  the  high  ground  to  be  cut 
through  and  bridges  to  be  thrown  over  the  low. 
Since  the  railway  for  steam-carriages  between 
Liverpool  and  Manchester  was  opened,  a  few  years 
ago,  the  country  has  been  getting  intersected  by 
others  in  every  direction.  Between  these  two 
towns,  the  number  of  passengers  by  this  mode  of 
conveyance  averaged  in  1831  about  1300  daily. — 
To  transport  all  these  by  four-horse  coaches, 
each  allowed  to  carry  20  individuals,  nnd  to  travel 


156 


THE  CHRISTIAN  PHILOSOPHER. 


60  miles  per  day,  and  each  horse  to  run  20  miles, 
would  require  upward  of  32  of  such  coaches  and 
390  horses.  Traveling  by  steam  is  also  making 
rapid  progress  on  the  continent  and  in  America. 
Between  Paris  and  St.  Germain  a  substantial  rail- 
way has  been  lately  opened,  with  105  vehicles, 
for  passengers  only,  capable  of  containing  4070 
persons,  and  of  transporting  the  whole  population 
of  Paris  to  St.  Germain  in  one  day.  This  railway 
traverses  no  fewer  than  eighteen  bridges,  three  of 
which  are  across  the  Seine.  The  rails  are  iifteen 
limes  heavier  than  those  between  Liverpool  and 
Manchester.  Steam-carriages  have  repeatedly 
been  constructed  to  run  on  common  roads;  but 
the  fi  iction  there  is  so  great,  except  where  the 
ground  is  very  smooth,  hard,  and  level,  that,  with 
otiier  impediments,  they  have  not  been  found  to 
run  to  advantage." 

Among  the  numerous  purposes  to  which  steam 
is  now  api)lied  is  that  of  breaking  stones  for  the 
construction  of  roads.  The  stones  are  put  into  a 
kind  of  hopper  above,  and  pushed  down  with  a 
rake,  and  the  machine  is  worked  by  a  rotatory 
motion  of  one  horse  power;  and  will  break  a  ton 
of  hard  pebbles,  completely,  in  from  six  to  eight 
minutes.  A  steam  niacliine  has  also  been  invent- 
ed for  the  dressing  of  woolen  cloth,  whicli  does 
as  much  work  in  50  minutes  as  two  men  could 
do  in  two  days. — Mon.  Mag.  Aug.  1823,  p.  71. 


Note  XII,  p.  146. — Strictures  on  a  certain  senti- 
ment respecting  the  Work  of  Human  Redemption. 

The  sentiment  referred  to  in  this  paragraph, 
'That  tliere  never  was  nor  ever  will  be,  through 
all  the  ;iges  of  eternity,  so  wonderful  a  display  of 
the  Divine  glory  as  in  the  cross  of  Christ,"  has 
been  frequently  reiterated,  in  sermons  and  in  sys- 
tems of  divinity,  and  is  still  repeated  by  certain 
preachers  as  if  it  were  an  incontrovertible  axiom, 
which  ought  never  to  be  called  in  question;  and 
is  no  doubt  intended  to  magnify  the  Divine  attri- 
butes and  the  work  of  redemption.  But  it  is 
nothing  more  than  a  presumptuous  assumption, 
which  has  a  tendency  (o  limit  the  perfections  of 
Deity,  and  to  present  a  partial  and  distorted  view 
of  the  economy  of  human  reiiemption.  For,  in 
the  first  place,  it  has  no  foundation  in  Scripture. — 
There  is  not  a  single  passage  from  which  it  can 
be  legitimately  deduced.  The  onus  prohandi,  on 
this  point,  rests  with  those  who  make  the  assertion. 
A  gentleman,  when  lately  conversing  on  this  sub- 
ject, brought  forward  the  following  interrogation, 
as  a  deiuonstralive  argument  in  proof  of  the  posi- 
tion in  question:  "  Is  not  redemption  declared  in 
Scripture  to  be  the  chief  of  all  the  works  of  God?^^ 
but  he  was  not  a  little  surprised  when  he  was  in- 
formed that  the  passage,  which  he  had  partly  mis- 
quoted, is  applied  to  the  behemoth,  or  the  ele- 
phant, as  stated  in  Job,  xl,  19. — 2dly,  The  asser- 
tion is  as  presumptuous  as  it  is  unfounded.  It 
takes  for  granted  that  we  know  all  the  events 
which  have  already  happened,  and  which  are  now 
taking  place  throughout  the  whole  range  of  God's 
universal  empire.  This  empire  seems  unbounded; 
and  that  portion  of  it  which  we  can  minutely  ex- 
plore is  but  as  a  point  in  comparison  of  the  whole. 
But  before  we  can,  on  good  grounds,  hazard  such 
an  assertion  as  that  under  consideration,  we 
must  have  explored  all  the  dispensations  of  God, 
through  every  portion  of  his  vast  dominions;  and 
be  able  to  form  a  comparison  between  the  diffe- 
rent displays  of  divine  glory  made  to  all  the  different 
classes  of   intellectual  beings  under  the  govern- 


ment of  the  Creator.  And  who  among  the  sons 
of  Adam  can  lay  claim  to  such  high  qualificutiona 
for  pronouncing  so  sweeping  a  decision  on  this 
point?  —  3dly,  It  sets  limits  to  the  Divine  perfe.^- 
tions  and  operations.  For  although  it  could  b^ 
proved  (which  it  cannot  be),  that  no  such  display 
have  hitherto  been  made  to  any  other  beings,  y« 
who  can  take  upon  him  to  assert  that  displays  oi 
Divine  perfections,  far  more  glorious  and  aston 
ishing,  will  not  be  exhibited  during  countless  agej 
of  eternity  which  are  yet  to  come?  To  set  limit! 
to  the  operations  of  Almighty  power  and  bound- 
less benevolence,  during  the  lapse  of  infinite  du- 
rMtion,  is  not  the  province  of  any  created  intelli- 
gence, and  far  less  of  man,  who  stands  so  low  in 
the  scale  of  universal  being. — 4thly,  It  tends  to 
damp  the  hopes  and  prospects  of  immortal  beings, 
wlien  looking  forward  to  an  interminable  exist- 
ence. For  this  sentiment  leads  them  to  conclude 
that  they  are  already  acquainted  with  the  greatest 
display  of  Divine  glory  which  can  be  made;  and 
that,  whatever  scenes  of  wonder  may  be  exhib- 
ited in  the  future  world,  they  must  of  course  be 
all  inferior  to  tills  in  point  of  extent  and  grandeur. 

The  redemption  of  the  human  race,  as  display- 
ed in  the  Christian  revelation,  is  a  theme  suffi- 
ciently grand,  astonishing,  and  interesting  to 
command  the  attention  of  iijl  who  are  convinced 
that  they  belong  to  an  apostate  race  of  intelli- 
gences, and  to  excite  the  admiration  and  gratitude 
of  all  who  have  experienced  its  benefits;  and  it 
stands  in  no  need  of  such  unfounded  and  extrava- 
gant assertions  to  display  its  riches  and  glory. 
"Will  a  man  speak  deceitfully  for  God!  Shall 
not  his  ex-cellency  make  you  afraid,  and  his  dread 
fall  upon  you?"  We  pronounce  nothing  deci- 
sively on  this  subject.  We  feel  ourselves  chained 
down  to  an  obscure  corner  of  God's  dominions— 
to  be  in  the  very  infancy  of  our  knowledge,  and 
withal  to  be  connected  with  a  race  of  beings 
whose  "  understandings  are  darkened  by  reason 
of  sin;"  and  are,  therefore,  unable  to  pronounce 
an  infallible  decision  on  what  God  will  or  will  not 
do.  Were  we  to  hazard  a  conjecture  on  this  sub- 
ject, we  would  say  that  the  converse  of  the  pro 
position  under  consideration  is  more  probable  than 
th»>  proposition  itself.  We  can  conceive  worlds 
ten  thousand  times  more  populous  than  ours,  and 
peopled  with  a  higher  order  of  intellectual  beings, 
toward  wliom  a  similar  display  of  benevolence 
and  mercy,  were  it  necessary,  may  be  made;  and, 
therefore,  in  point  of  the  extent  of  its  objects,  wo 
can  conceive  the  love  of  God  more  illustriously 
manifested  than  even  to  the  inhabitants  of  our 
globe.  But  whether  such  an  event  shall  ever 
take  place,  it  would  be  presumption  in  us  to  de- 
termine. For  the  thoughts  and  the  ways  of  God 
as  far  transcend  ours  "  as  the  heavens  are  high 
above  the  earth."  It  demands  our  highest  tribute 
of  grateful  adoration,  that  the  Almighty  conde- 
scended to  "  regard  us  in  our  low  estate,"  and  to 
deliver  us  from  the  moral  degradation  into  which 
we  had  fallen;  but  surely  it  would  be  unreasona- 
ble to  conclude,  from  this  consideration,  that  of 
all  the  rational  tribes  which  people  the  universe, 
MAN  is  the  only  favorite  of  the  Most  High,  "  when 
thousand  worlds  are  round."  Though  myriads 
of  other  intelligences  were  to  share  in  similar 
favors,  it  would  not  lessen  the  happiness  conferred 
on  us,  nor  ought  it  in  the  least  to  detract  from  our 
admiration  of  "  the  love  of  God  which  is  in 
Christ  Jesus  our  Lord." 

There  are  a  great  many  other  vague  and  un- 
tenable notions  which  are  entertained  and  reitera- 
ted by  certain  commentators  and  divines,  as  indis- 
putable axioms,  which  it  would  be  of  importance 


APPENDIX. 


157 


to  the  cause  of  religion  to  discard;  such  as,  that 
angels  are  pure  immaterial  substances — that  they 
were  formed  on  the  first  day  of  the  Mosaic  crea- 
tion— that  the  wisdom  of  God  is  nowhere  so  illus- 
triously displayed  throughout  the  universe  as  in 
the  scheme  of  redemption — that  the  chief  em- 
ployment of  the  future  world  will  be  to  pry  into 
tlie  mysteries  of  salvation — that  sin  is  an  infinite 
evil  —  that  the  whole  material  universe  was 
brought  into  existence  at  the  same  time  with  our 
earth — that  the  Creator  ceased  to  create  any  new 
order  of  beings  in  the  universe  after  arranging 
the  fabric  of  our  globe — that  tile  whole  system 
of  material  nature  jn  heaven  and  earth  will  be 
destroyed  at  the  period  of  the  dissolution  of  our 
world — that  our  thoughts  and  affections  should 
be  completely  detached  from  all  created  things, 
etc.  Several  vague  notions  of  this  description 
are  founded  on  the  false  assumption,  that  the 
globe  we  inhabit  and  the  rational  beings  that  have 
appeared  on  its  surface  from  age  to  age,  are  the 
chief  objects  of  God's  superintendence  and  care — 
and  that  the  Scriptures  are  the  only  medium 
througii  which  we  can  view  the  plans  and  ope- 
rations of  the  Deity — assumptions  which  are  con- 
trary to  reason,  which  are  unwarranted  in  Reve- 
lation, nay,  which  are  directly  contradicted  in 
numerous  passages  of  Scripture,  some  of  which 
have  already  been  referred  to  in  the  course  of  this 
volume.  It  would  be  of  essential  service  to  the 
cause  of  Christianity,  that  its  doctrines,  facts,  and 
moral  requisitions  were  uniformly  exhibited  in 
their  native  simplicity  and  grandeur,  without 
being  obscured  and  distorted  by  the  vague  and 
extravagant  representations  with  which  they  are 
too  frequently  blended  by  injudicious  minds. 


NorTE  XIII. — Extracts  from  Dr.  Dwight's   The- 
ology. 

As  authority  has  a  considerable  degree  of  weight 
on  some  minds,  I  shall  conclude  with  an  extract 
on  the  subject  of  this  volume,  from  that  respecta- 
ble and  enlightened  divine.  Dr.  Dwight,  late  Presi- 
dent of  Yale  College: — "The  works  of  God  were 
by  him  intended  to  be,  and  are,  in  fact,  manifesta- 
tions of  himself;  proofs  of  his  character,  pre- 
sence, and  agency.  In  this  light  he  requires  men 
continually  to  regard  them;  and  to  refuse  this 
regard  is  considered  by  him  as  grossly  wicked, 
and  highly  deserving  of  punishment.  Psalm  xxviii, 
5;  Isaiah,  v,  12-14.  I  am  apprehensive  that  even 
good  men  are  prone  to  pay  less  attention  to  the 
works  of  creation  and  providence  than  piety  de- 
mands and  the  Scriptures  require.  We  say  and 
hear  so  much  concerning  the  insufficiency  of 
these  works  to  unfold  the  character  of  God  and 
the  nature  of  genuine  religion,  that  we  are  prone 
to  consider  them  as  almost  uninstructive  in  moral 
things,  and  in  a  great  measure  useless  to  the  pro- 
motion of  piety.  This,  however,  is  a  palpable 
and  dangerous  error.  The  works  alone,  without 
the  aid  of  the  Scriptures,  would,  I  acknowledge, 
be  far  less  instructive  than  they  now  are,  and 
utterly  insufficient  to  guide  us  in  the  way  of 
righteousness.  The  Scriptures  were  designed  to 
be  a  comment  on  these  works;  to  explain  their 
nature,  and  to  show  us  the  agency,  purposes, 
wisdom,  and  goodness  of  God  in  their  forma- 
tion Thus  explained,  thus  illuminated,  they 
become  means  of  knowledge,  very  extensive 
and  eminently  useful.  He  who  does  not  find 
In  the  various,  beautiful,  sublime,  awful,  and 
astonishing  objects  presented  to   us  in   creation 


and  providence,  irresistible  and  glorious  reason* 
for  admiring,  adoring,  loving,  and  praising  big 
Creator,  has  not  a  claim  to  evangelical  piety." — 
System  of  Theology,  vol.  iii,  p.  477. 


Note  XIV. — List  of  Popular  Works  on  the  diffe- 
rent Sciences  treated  of  in  this  volume,  with  occa- 
sional  Remarks. 

SELECT    BOOKS   ON    NATURAL   HISTORY. 

Goldsmith's  History  of  the  Earth  and  Animated 
Nature — with  numerous  notes  from  the  works  of 
the  most  distinguished  British  and  foreign  natu- 
ralists, embodying  the  most  recent  discoveries  in 
natural  history — illustrated  by  nearly  2000  figures, 
in  2  vols.,  royal  8vo.,  edited  by  Mr.  Whitelaw,  and 
published  by  Blaekie  &  Son. — This  edition  of 
Goldsmith  is  unquestionably  the  most  complete 
that  has  yet  appeared.  It  contains  nearly  double 
the  quantity  of  matter  in  the  original  work,  and 
an  account  of  the  latest  discoveries  down  to  tho 
period  of  its  publication  in  1840. — The  Gallery 
of  Nature  and  Art,  by  Dr.  Mason  Good  and 
others,  6  vols.,  8vo. — Spectacle  de  la  Nature,  or 
Nature  Displayed,  7  vols.,  12mo. — Nature  Dis- 
played, by  Dr.  Simeon  Shaw,  3  vols.,  8vo.,  or  in  t 
vols.,  12mo.  This  work,  though  chiefly  a  com- 
pilation, embodies  a  great  variety  of  interesting 
and  popular  descriptions  of  the  mcwt  remarkable 
facts  in  the  sj'stem  of  nature,  which  are  illustra- 
ted with  numerous  engravings,  both  plain  and 
colored.  Clarke's  Hundred  Wonders  of  the 
World,  1  vol.,  12mo.,  and  Piatt's  Book  of  Curi- 
osities, contain  a  number  of  interesting  selections 
on  this  subject. — Smellie's  Philosophy  of  Natural 
History,  2  vols.,  4to.,  and  his  translation  of  Buf- 
fon's  Natural  History. — Bingley's  Animal  Biogra- 
phy, 4  vols.,  8vo. — Works  entitled  "  Systems" 
and  "  Elements"  of  "  Natural  History,"  are  nu- 
merous; but  the  greater  part  of  them  is  con- 
fined to  descriptions  of  the  forms,  habits,  and 
instincts  of  animals.  On  this  department  of 
natural  science,  a  work  was  published  some  time 
ago  by  the  celebrated  Cuvier,  entitled  The  Ani?nal 
Kingdom,  with  engravings  chiefly  from  the  living 
subjects  in  the  museum  of  natural  history  at 
Paris. — A  work  on  the  same  subject  has  been 
publishing  for  several  years  past,  in  12nio.  vols., 
entitled  The  Naturalisfs  Library,  by  Sir  W  Jar- 
dine.  Every  volume  contains  about  34  plates, 
with  the  figures  colored  from  nature,  along  with 
a  biographical  sketch,  and  a  portrait  of  some  emi- 
nent naturalist  or  philosopher.  About  40  vols, 
have  already  been  published,  price  6s.  each. — A 
Popular  and  Comprehensive  History  of  the  facts 
which  have  been  ascertained  respecting  the  earth, 
the  atmosphere,  the  meteors,  the  heavens,  etc., 
calculated  for  general  readers,  and  interspersed 
with  appropriate  moral  and  religious  reflections, 
is  still  a  desideratum.  The  facts  of  natural  histo- 
ry, next  to  the  facts  recorded  in  the  sacred  volume, 
are  the  first  subjects  to  which  the  minds  of  the 
young  should  be  directed  in  the  course  of  a  gene- 
ral education. 

SELECT    BOOKS    ON    GEOGRAPHY. 

Pinkerton's  Modern  Geography,  2  vols.,  4to., 
and  the  Abridgment,  1  vol.,  8vo. — The  Glasgow 
Geography,  in  5  vols.,  8vo.  This  work  compre- 
hends an  immense  mass  of  information  on  the 
historical  and  descriptive  parts  of  geography.  It 
also  contains  comprehensive  compends  of  astro- 
nomy, geology,  meteorology,  etc. — Malte  Brun's 
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System  of  Geography,  7  vols.,  8vo.  The  English 
translation  of  tliis  work  contains  the  fullest  and 
most  coiriprehensive  view  of  universal  geograpliy 
that  has  yet  appeared  in  our  language,  including 
details  of  tlie  most  recent  discoveries.  The  first 
volume  contains  a  luminous  and  compr^'liensive 
outline  of  the  science  of  geology  and  physical 
and  mathematical  geography. — Murray's  Ency- 
clopedia of  Geograpiiy,  1  vol.,  8vo.  This  work 
contains  a  great  mass  of  information  on  the  sub- 
jects connected  with  geography,  and  numerous 
engravings. — Woodbridgo's  System  of  Universal 
Geograpiiy,  with  maps  and  numerous  engravings. 
— Bell's  Geography. — Myer's  System  of  Moiern 
Geography,  with  maps,  views,  engravings  repre- 
senting costumes,  etc.,  2  large  vols.,  4to — Cooke's 
System  of  Universal  Geography,  in  2  very  large 
4to.  volumes,  closely  printed,  contains  a  great 
variety  of  interesting  sketciies  in  relation  to  de- 
scriptive geograpiiy,  extracted  from  the  writings 
of  modern  voyagers  and  travelers;  the  details  of 
incidents,  etc.,  being  related,  for  the  most  part,  in 
the  words  of  the  respective  authors  from  whom 
the  information  is  collected.  —  Winterbotliam's 
Geographical  and  Historical  View  of  the  United 
States  of  America,  etc.,  4  vols.,  8vo. — Morse's 
American  Geography,  Bvo. — Goldsmith's  Geogra- 
phy on  a  popular  plan,  contains  an  interesting 
account  of  tlie  i  manners  and  customs  of  nations, 
for  the  entertainment  and  instruction  of  the 
young,  illustrated  with  ahove  60  engravings.  Of 
smaller  systems,  there  is  a  great  abundance  in  the 
English  language;  but  most  of  them  are  extremely 
deficient,  particularly  in  what  relates  to  general 
geography. — On  sacred  geography,  Well's  Geo- 
graphy, modarnized  by  the  Editor  of  Calmet's 
Dictionary,  is  the  most  complete  work  of  its 
kind.  On  physical  or  general  geography:  Play- 
fair's  System  of  Geography,  vol.  I,  and  Vareni- 
us's  General  Geography.  A  modern  sijstetn  of 
general  geography,  in  a  separate  form,  on  the 
plan  of  Varenius,  is  a  desideratum. — Edin.  Encyc, 
Art.  Geo'jraphj. — Encyc.  Brit.,  7th  edition.  Art. 
Physical  Geography,  etc.  Books  of  Voyages  and 
Travels  generally  contain  the  most  circumstantial 
details  of  the  physical  aspects  of  the  different 
countries,  and  of  the  dispositions  and  customs  of 
their  inhabitants;  and  present  to  the  view  of  the 
Christian  philanthropist  those  facts  and  principles 
from  which  the  moral  state  and  character  of  the 
various  tribes  of  human  beings  may  be  inferred. 
The  following  works  contain  comprehensive 
abridgments  of  the  most  celebrated  voyages  and 
travels: — Pinkerton's  General  Collection  of  Voy- 
ages and  Travels  in  all  parts  of  the  World,  17 
vols.,  4to. — Mavor's  Voyages,  etc.,  23  vols.,  ISmo. 
— The  World  Displayed,  18  vols.,  ISmo. — Phillips's 
Collection  of  Voyages  and  Travels,  etc. — Conder's 
Modern  Traveler,  20  vols,. 

The  following  are  among  the  most  respectable 
modern  publications  on  this  subject,  arranged  ac- 
cording to  the  different  quarters  of  the  world: — 
Asia.  Valencia's  Travels  in  India,  Arabia,  etc. — 
Porter's  Travels  in  Georgia,  Armenia,  etc. — Go- 
lownin's  Travels  in  Japan. — Staunton's  Account 
of  Macartney's  Embassy  to  China. — Raffljs'  Tra- 
vels in  Java. — Clarke's  Travels  in  Asia  Minor  and 
the  Holy  Land. — Chateaubriand's  Travels  in  Pal- 
estine.— Ali  Bey's  Travels  in  Arabia. — Sir  Alex- 
ander Burness's  Travels  in  India,  etc. — Stephens' 
Incidents  of  Travel  in  Egypt,  Arabia  Petrea,  and 
the  Holy  Land. — Morier's  Travels  through  Persia. 
— Historical  and  Descriptive  Account  of  British 
India,  3  vols. — Historical  and  Descriptive  Account 
of  China,  3  vols. — Crichton's  History  of  Arabia. — 
Frazer's  Account  of  Persia. — Russell's  Palestine, 


I  etc Africa.     Lyon's    Travels    in    Northorn 

Africa. — Burckhardt's Travels  in  Nubia. — Bruce's 
Travels  in  Abyssinia. — Salt's  Travels  in  Abyssi- 
nia.— Bowditch's,  Hutton's,  and  Dupuis's  Account 
of  Ashantee. — Park's  and  Lander's  Travels  in  Af- 
rica.— Leigh's  Journey  in  Egypt. — Belzoni's  Tra- 
vels in  Egypt. — Sonini's  Travels  in  Egypt. — Bar- 
row's, BurciitdPs,  and  Campbell's  Travels  in  South- 
ern Africa. — Russell's  Account  of  Nubia,  Abys- 
sinia,'and  the  Barbary  States,  and  View  of  Ancient 
and  Modern  Egypt. — Narrative  of  Discovery  and 
Adventure  in  Africa,  with  Illustrations  of  the 
Geology,  Mineralogy,  and  Zoology,  etc. Amer- 
ica. Howison's  Sketches  of  Upper  Canada. — 
Stewart's  Three  Years  in  America.' — Tyiier's 
Views  of  the  Northern  Coast  of  America. — Hum- 
boldt's Travels  in  South  America. — Duncan's  Tra- 
vels in  the  United  States.' — Miss  Martineau's  So- 
ciety in  America. — Buckingham's  Travels  in  tho 
United- States  of  America^. — Luccock's,  ViJal's, 
Koster's,  and   Hall's   Travels  in  South  America, 

etc. Europe.     Henderson's    and   Mackenzie's 

Travels  in  Iceland. — Thomson's  Travels  in  Swe- 
den.' — Carr's  Travels  in  Russia,  Denmark,  etc. — > 
Pallas's  Travels  in  Russia. — Wraxall's,  Neale's, 
Co.xe's,  and  Lemaistre's  Tours  through  France, 
Switzerland,  Germany,  etc. — Burgoing's  and  Ja- 
cob's Travels  in  Spain. — Brydone's  Tour  in  Sicily, 
etc. — ^\'^on  Buck's  Travels  in  Norway  and  Lapland. 
— Cochrane's  Travels  in  Siberia,  etc. — Cooke's, 
Anson's,  Byron's,  Perouse's,  and  Bouganville'a 
Voyages  round  the  World,  etc. — Prior's  Universal 
Traveler,  1  thick  vol.,  12mo.,  closely  printed,  with 
100  engravings. 

SELECT   BOOKS    ON    GEOLOGY. 

Kirwin's  Mineralogy,  and  his  Geological  Es- 
says.— De  Luc's  Geology,  and  his  Geological  Tra- 
vels.— Parkinson's  Organic  Remains  oi  a  former 
world,  3  vols.,  4to. — The  Fossils  of  *lie  South 
Downs,  or  Illustrations  of  the  Geology  of  Sussex, 
by  G.  Mantel,  F.L.S. — The  preliminary  Essay  to 
this  splendid  Work  contains  several  excellent  re- 
marks respecting  the  connection  of  Geology  with 
Religion^  which  are  calculated  to  advance  the  in- 
terests of  both. — Cuvier's  Essay  on  the  theory  of 
the  Earth,  with  Illustrations  by  Professor  Jamie- 
son,  4th  edition. — Playfair's  Illustrations  of  the 
Huttonian  Theory  of  the  Earth. — Transactions 
of  the  Geological  and  Wernerian  Societies. — Dr. 
P.  Smith's  Lectures  on  Geology  as  connected  with 
Revelation. — Dr.  Hitchcock's  Treatise  on  Geology 
— his  Connection  between  Geology  and  Natural 
Religion — and  his  Connection  between  Geology 
and  the  Mosaic  Account  of  the  Creation. — Lyell'a 
Geology. — Buckland  and  Babbage's  Bridgewater 
Treatises. — MaccuUoch's  System  of  Geology. — 
Hugh  Miller's  Old  Red  Sandstone. — Buckland's 
Account  of  the  discovery  of  a  Den  of  Hyenas  in 
a  cavern  in  Yorkshire. — Buckland's  Treatise  on 
Geology,  2  vols.,  8vo. — ^Bakewell's  Introduction  to 
Geology. — Phillips's  Outlines  of  Mineralogy  and 
Geology,  12mo. — This  last  work  forms  a  good  in- 
troduction to  the  study  of  Geology,  for  those  who 
are  just  commencing  their  inquiries  on  this  sub- 
ject. The  object  of  this  science,  in  the  mean- 
time, should  be  confined  chiefly  to  the  collecting  of 
facts,  in  reference  to  the  structure  of  the  earth 
and  the  changes  it  has  undergone.  The  exterior 
aspect  of  our  globe,  and  its  internal  recesses,  must 
be  still  more  extensively  explored,  before  any  theo- 
ry of  the  earth  can  be  established  on  a  broad  and 
solid  foundation.  It  should  be  left  to  future  aget 
to  build  a  system  with  the  materials  we  are  now 
preparing. 


APPENDIX. 


159 


POPULAR    WORKS    ON    ASTRONOMY. 


Brewster's  Ferguson's  Astronomy,  2  vols.,  8vo., 
with  a  vol.  of  plates.  The  notes  and  supplemen- 
tary cliapters  of  this  work,  written  by  Sir  D. 
Brewster,  contain  a  full  and^  comprehensive  detail 
of  all  the  modern  discoveries  in  this  science. — 
Bonnycastle's  Introduction  to  Astronomy,  1  vol., 
8vo. — La  Place's  System  of  the  World,  2  vols., 
8vo. — Dr.  Olinthus  Gregory's  Astronomy,  1  vol., 
6vo. — Mrs.  Bryan's  System  of  Astronomy,  8vo. — 
Adams'  Astronomical  and  Geographical  Essays, 
Bvo. — Phillip.s's  Eight  Familiar  Lectures  on  As- 
tronomy, 12mo.--Herschel's  Astronomy. --Squire's 
Grammar  of  Astronomy,  one  thick  vol.  l8mo., 
closely  printed,  and  illustrated  with  35  plates. — 
Arago's  Lectures  on  Astronomy. — The  Won- 
ders of  (he  Heavens,  12mo. — This  work  contains 
a  popular  view  of  the  principal  facts  of  Astrono- 
my, and  is  illustrated  with  50  elegant  engravings 
of  a  variety  of  interesting  objects  connected  with 
the  scenery  of  the  heavens;  but  its  discussions 
are  too  frequently  blended  with  the  peculiarities 
of  a  modern  physical  theory. — Martin's  Gentle- 
man and  Lady's  Philosophy,  vol.  !.■ — Cerham's 
Astro-Theology,  and  Whiston's  Astronomical 
Principles  of  Religion,  8vo. — Baxter's  Matho,  2 
vols.,  etc. — An  elegant  and  comprehensive  outline 
of  the  leading  facts  of  Astronomy  in  their  rela- 
tion to  Revealed  Religion,  will  be  found  in  Dr. 
Chalmers's  Discourses  on  the  Christian  Revela- 
tion, viewed  in  connection  with  Modern  Astrono- 
my, 8vo. — The  general  reader,  in  commencing  his 
study  of  this  science,  will  find  Bonnycastle's  "In- 
troduction" a  very  interesting  work.  It  is  writ- 
ten in  an  elegant  and  animated  style,  and  is  agree- 
ably interspersed  with  a  number  of  appropriate 
reflections;  but  it  is  deficient  in  the  detail  of  mod- 
ern discoveries.  He  might  next  proceed  to  the 
perusal  of  Ferguson,  Gregory,  Squire,  etc. — La 
Place's  work  contains  a  beautiful  exposition  of 
the  Newtonian  system;  but  it  is  glaringly  deficient 
in  reference  to  the  Wisdom  and  Agency  of  a  Su- 
preme Intelligence.  "  An  undevout  astronomer 
is  mad."  Baxter's  Matho  contains  a  popular  and 
interesting  view  of  this  subject,  and  forms  a  stri- 
king contrast  to  the  apathy  of  La  Place,  who  care- 
fully keeps  out  of  view  the  agency  of  the  Creator 
— the  main  design  of  this  author  being  to  con- 
nect the  phenomena  of  the  heavens  and  the  earth 
with  the  attributes  of  Deity,  and  the  high  destina- 
tion of  immortal  minds.  Though  this  work  pass- 
ed through  three  editions,  it  does  not  seem  to  have 
been  appreciated  according  to  its  merits.  As  it 
has  now  become  scarce,  a  new  edition  with  notes, 
containing  a  detail  of  modern  discoveries,  might 
be  an  acceptable  present  to  the  public.  Those 
who  wish  to  prosecute  this  subject  to  a  greater 
extent,  may  be  referred  to  Long's  Astronomy,  2 
vols.,  4to. —  Robison's  Mechanical  Philosophy, 
vol.  1. — Dr.  Pearson's  Introduction  to  Practical 
Astronomy,  comprising  descriptions  of  Telescopes, 
Equatorials,  Quadrants,  and  other  astronomical 
instruments, 2  large  vols.,  4to.,  with  numerous  en- 
gravings of  instruments. — Vince's  complete  Sys- 
tem of  Astronomy,  3  vols.,  4to. — La  Lande  As- 
tronomie,  3vols.,4to — andBiot's  Traitie  Elemeu- 
taire  d' Astronoinie  Physique.  A  comprehensive 
work  on  Descri]itive  Astrono7ny,  detinVmg  in  a  pop- 
ular manner,  all  the  facts  which  have  been  ascer- 
tained respecting  the  scenery  of  the  heavens,  ac- 
companied with  a  variety  of  striking  delineations, 
and  inter.sj)ersed  with  appropriate  moral  reflections, 
accommodated  to  the  general  reader,  is  a  desider- 
atum wiiich  we  trust  will  be  in  some  measure 
supplied  by  the  two  volumes  we  lately  published. 
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entitled  "Celestial  Scenery,"  and  the  "Sidereal 
Heavens,"  which  have  already  passed  through  se- 
veral editions,  and  have  been  republished  indifTer- 
ent  parts  of  America. 

SELECT   BOOKS    ON    NATURAL   PHILOSOPHY. 

Hauy's  Elementary  Treatise  on  Natural  Philos- 
ophy, translated  by  Dr.  0.  Gregory,  2  vols.,  Bvo. 
'J'his  translation  contains  a  number  of  valuable 
notes  by  the  translator. — Ferguson's  Lociuies  on 
Select  subjects  in  Mechanics,  etc.,  by  Sir  D.Brew- 
ster, 2  vols.,  8vo.,  with  a  vol.  of  plates.  The  Ap- 
pendix to  this  work,  by  Sir  D.  Brewster,  con- 
tains a  mass  of  valuable  information  on  Me- 
chanics, Hydraulics,  Dialing,  and  the  construc- 
tion of  Optical  Instruments;  beside  a  va.iety  of 
illustrative  notes  interspersed  through  tlie  wc  k. 
which  comprises  a  detailed  account  of  tlie  recent 
discoveries  in  Experimental  Philosophy. — Nicliol- 
son's  Introduction  to  Natural  Philosoj)hy,  2  vols., 
8vo. — Cavallo's  Complete  Treatise  on  Natural 
and  Experimental  Philosophy,  4  vols.,  bvo. —  Mar- 
tin's Philosophia  Britannica,  3  vols.,  8vo.;  his 
Gentleman  and  Lady's  Philosophy;  o  vols.,  8vo.; 
and  his  Philosophical  Grammar,  1  vol.,  8vo.— 
Herschel's  Preliminary  Discourses  on  the  study 
of  Natural  Philosophy. — Lardner's  Hydrostatics, 
Mechanics,  and  Pneumatics. — Professor  Quete- 
let's  Facts,  Laws,  and  Phenomena  of  Natural 
Philosophy. — Partington's  Manual  of  Natural  and 
Experimental  Philosophy,  2  vols.,  8vo. — Sir  D 
Brewster's  Treatise  on  Optics. — Smith's  Completa 
System  of  Optics,  2  vols.,  4to.,  with  93  plates,  con- 
taining 941  figures,  17.38. — Arnot's  Elements  of 
Physics,  2  vols.,  8vo. — Gregory's  Economy  of  Na- 
ture, 3  vols,  8vo.;  and  his  Lectures  on  Experi- 
mental Philosophy,  Astronomy,  and  Chemistry,  2 
vols.,  12mo. — Joyce's  Letters  on  Experimental 
Philosophy,  2  vols.,  12mo.;  and  his  Sci:iitific  Di- 
alogues, l8mo. — Adams'  Lectures  on  Natural  and 
Experimental  Philosophy,  4  vols.,  8vo.,  vviili  a  vol. 
of  plates. — Young's  Lectures  on  Natural  Philoso- 
phy, 2  vols.,  8vo. — Walker's  System  of  familiar 
Philosophy,  4to.,  in  12  lectures,  with  47  4to.  en- 
gravings.— Conversations  on  Natural  Philosophy 
by  the  author  of  Conversations  on  Chemistry,  one 
thick  vol.,  12mo.,  with  23  engravings. — Blair's 
Grammar  of  Natural  Experimental  Philosophy, 
especially  the  late  editions,  contains  (at  a  small 
price),  a  comprehensive  view  of  the  principal  de- 
partments of  Philosophy,  including  Astronomy, 
Geology,  Chemistry,  Meteorology,  etc. — Euler's 
Letters  to  a  German  Princess,  2  vols.,  8vo.,  con- 
tains a  popular  view  of  the  most  interesting  sub- 
jects connected  with  Natural  and  Experimental 
Philosophy,  Logic,  and  Ethics.  This  work  is  dis- 
tinguished by  a  vein  of  dignified  and  scriptural 
piety,  which  runs  through  every  part  of  il.  Euler 
was  one  of  the  most  distinguished  Pliiloso])hers 
and  Mathematicians  of  his  day.  He  died  in  1783, 
at  the  age  of  77.  An  edition  of  this  work,  cou 
taining  notes  by  Sir  D.  Brewster,  has  been  publish- 
ed. These  notes  are  excellent,  so  far  as  they  ex- 
tend; but  it  is  to  be  regretted  that  they  are  so 
sparingly  distributed,  and  that  the  passages  sup- 
pressed by  M.  Condorcet  and  De  la  Croix,  which 
were  restored  by  Dr.  Hunter,  who  translated  the 
work,  and  tlie  notes  of  the  French  and  English 
editors,  are  for  the  most  part  discarded.  As  a 
work  of  general  information  in  elation  to  the 
physical  sciences  and  other  useful  departments  of 
knowledge,  Chambers's  Informalinn  fur  the  People 
may  be  recommen^.'ed  to  common  readers,  as  a 
very  useful  and  comprehensive  compend  of  Sci- 
ence, History,  Civil  and  Natural  Geography,  Vo- 
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getable  and  Animal  Physiology,  Chemistry,  Elec- 
tricity, Magnetism,  etc.  It  is  the  cheapest  book 
that  has  hitherto  been  published,  when  we  consider 
the  quantity  of  letter-press,  and  the  vast  mass  of 
information  it  contains. 

Notwithstanding  tiie  numerous  excellent  trea- 
tises which  are  to  be  found  on  this  subject,  a  com- 
prehensive work  on  experimental  Pliilosophy, 
blended  with  sketches  of  those  parts  of  natural  histo- 
ry which  are  connected  with  it,  and  enlivened  with 
appropriate  reflections  on  the  peculiar  agencies  of 
Deity,  which  appear  in  the  various  processes  of 
nature — is  still  wanting  to  interest  the  general 
reader,  and  to  attract  his  attention  to  this  depart- 
ment of  knowledge.  Were  philosophers,  in  their 
discussions  of  natural  science,  more  frequently  to 
advert  to  the  agency  of  the  Deity,  and  to  point 
out  the  Religious  and  Philanthropic  purposes  to 
which  modern  discoveries  might  be  applied,  they 
might  be  the  means  of  promoting,  at  the  same 
time,  tlio  interests  both  of  science  and  religion,  by 
alluring  general  readers  to  direct  their  attention  to 
such  objects,  and  b"  '"moving  those  groundless 
prejudices  which  a  great  proportion  of  the  Christian 
world  still  entertain  against  philosophical  studies. 
About  the  period  when  Boyle,  Ray,  Derham, 
Nieuwentyt,  Whiston,  Addison,  the  Abbe  Pluche, 
and  other  Christian  philosophers  flourished,  more 
attention  seems  to  have  been  paid  to  this  subject 
than  at  present.  Since  the  middle  of  the  last  cen- 
tury, the  piety  of  philosophers  appears  to  have 
been  greatly  on  the  decline.  It  is  to  be  hoped  that 
it  is  now  beginning  to  experience  a  revival.  But 
whatever  may  be  the  varying  sentiments  and  feel- 
ings of  mere  philosophers,  in  reference  to  the 
agencies  of  the  material  system,  "  all  the  works 
of  God  invariably  speak  of  their  Author,"  to  the 
humble  and  enlightened  Christian;  and  if  he  be 
directed  to  contemplate  the  order  of  nature  with 
an  eye  of  intelligence,  he  will  never  be  at  a  loss 
to  trace  the  footsteps  and  the  attributes  of  his 
Father  and  his  God. 

SELECT   BOOKS    ON    CHEMISTRY 

Davy's  Elements  of  Chemical  Philosophy,  8vo. 
— -Ure's  Dictionary  of  Chemistry,  on  the  basis  of 
Mr.  Nicholson's,  1  large  vol.,  8vo. — Henry's  Epi- 
tome of  Chemistry,  2  vols.,  8vo. — Accum's  Chem- 
istry, 2  vols.,  8vo. — Thomson's  System  of  Chem- 
istry, 4  vols.,  8vo. — Murray'sSystem  of  Chemistry, 
4  vols.j  Bvo.,  and  Appendix. — Kerr's  Translation 


of  Lavoisier's  Elements  of  Chemistry,  Svoi~  - 
Chaptal's  Chemistry  applied  to  the  Arts,  4  vols., 
8vo. — Fourcroy's  Chemistry,  4  vols. — Accum's 
Chemical  Amusements,  and  Griffin's  Cliomical 
Recreations,  contain  a  description  of  a  varii-ty  of 
interesting  chemical  facts,  and  amusing  experi- 
ments.— Gurney's  Lectures  on  the  Eleiiiunts  of 
Chemical  Science,  8vo. — Mackenzie's  One  Thou- 
sand Experiments  in  Chemistry,  etc. — Mitchell's 
Dictionary  of  Chemistry. — Graham's  ChemiceJ 
Cateciiism. — Donovan's  Treatise  on  Chemistry,  in 
Lardner's  Cyclopedia.  —  Turner's  Cliemislry. — 
Conversations  on  Chemistry,  by  a  Lady,  2  vols., 
12mo. — Joyce's  Dialogues  on  Chemistry,  2  vols., 
18mo. — Parke's  Rudiments  of  Chemistry,  18mo, 
and  his  Chemical  Catechism,  8vo.  The  four  works 
last  mentioned  may  be  recommended  as  popular 
introductions  to  the  study  of  this  science. — 
Parke's  Rudiments  and  Catechism  are  distinguish- 
ed by  their  constant  reference  to  the  agency  of 
the  Deity,  and  by  the  anxiety  which  the  author 
displays  to  fix  the  attention  of  his  readers  on  the 
evidences  of  benevolent  design  which  appear  in 
the  constitution  of  nature.  The  numerous  notes 
appended  to  tlie  Chemical  Catechism  embody  a 
great  variety  of  interesting  facts  in  reference  to 
the  economy  of  nature,  and  the  processes  of  the 
arts.  To  this  amiable  and  intelligent  writer  I  feel 
indebted  for  several  of  the  chemical  facts  stated 
in  this  volume. 

As  the  science  of  Chemistry  is  making  rapid 
progress  in  its  investigations  and  discoveries — the 
latest  editions  of  the  works  referred  to,  and  all 
others  on  the  same  subject,  are  generally  to  be 
preferred.  The  same  remark  is  applicable  to  al- 
most all  the  works  connected  witli  tiie  physical 
sciences.  But,  with  the  exception  of  new  cisco- 
veries,  many  of  the  works  publisiied  twenty  or 
thirty  years  ago,  are  worthy  of  being  consulted, 
and  are,  in  some  respects,  superior  to  more  recent 
publications.  There  are  some  works,  on  different 
branches  of  natural  science,  published  nearly  a 
century  ago,  which  give  more  full  and  clear  de- 
scriptions of  certain  scientific  facts  than  are  to  be 
found  in  many  of  our  modern  publications:  and 
therefore  such  works  ought  not  to  be  considered 
as  altogether  obsolete.  It  is  of  some  importance 
to  the  student  of  science  to  be  possessed  of  several 
treatises  on  the  same  subject;  as  certain  principles 
or  facts  which  may  be  vaguely  stated,  or  imper- 
fectly explained  by  one  author, maybe  more  fully 
and  clearly  elucidated  by  another 
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The  following  work  is  intended  for  the  instruction  of  general  readers,  to  direct  their 
attention  to  the  study  of  the  heavens,  and  to  present  to  their  view  sublime  objects  of 
contemplation.  "With  this  view  the  author  has  avoided  entering  on  the  more  abstruse 
and  recondite  portions  of  astronomical  science,  and  confined  his  attention  chiefly  to 
the  exhibition  of  facts,  the  foundation  on  which  they  rest,  and  the  reasonings  by  which 
they  are  supported.  All  the  prominent  facts  and  discoveries  connected  with  descriptive 
astronomy,  in  so  far  as  they  relate  to  the  planetary  system,  are  here  recorded,  and 
many  of  them  exhibited  in  a  new  point  of  view;  and  several  new  facts  and  obser^^a- 
tions  are  detailed  which  have  hitherto  been  either  unnoticed  or  unrecorded. 

The  results  of  hundreds  of  tedious  calculations  have  been  introduced  respecting 
the  solid  and  superficial  contents  of  the  different  planets,  their  satellites,  and  the  rings 
of  Saturn ;  their  comparative  magnitudes  and  motions,  the  extent  of  their  orbits,  the 
apparent  magnitudes  of  bodies  in  their  respective  firmaments,  and  many  other  particu- 
lars not  contained  in  books  of  astronomy,  in  order  to  produce  in  the  minds  of  common 
readers  definite  conceptions  of  the  magnitude  and  grandeur  of  the  solar  system.  The 
mode  of  determining  the  distances  and  magnitudes  of  the  celestial  bodies  is  explained, 
and  rendered  as  perspicuous  and  popular  as  the  nature  of  the  subject  will  admit;  and 
the  prominent  arguments  which  demonstrate  a  plurality  of  worlds  are  considered  in  all 
their  bearings,  and  illustrated  in  detail. 

One  new  department  of  astronomical  science,  which  has  hitherto  been  overlooked, 
has  been  introduced  into  this  volume,  namely,  ike  scenery  of  the  heavens  as  exhibited 
from  tlie  surfaces  of  the  different  i^lanets  avd  their  satellites,  which  forms  an  interesting 
object  of  contemplation,  and,  at  the  same  time,  a  presumptive  argument  in  favor  of 
the  doctrine  of  a  plurality  of  worlds. 

The  author,  having  for  many  years  past  been  a  pretty  constant  observer  of  celestial 
phenomena,  was  under  no  necessity  of  adhering  implicitly  to  the  descriptions  given 
by  preceding  writers,  having  had  an  opportunity  of  observing,  through  some  of  the 
best  reflecting  and  achromatic  telescopes,  the  greater  part  of  the  phenomena  of  the 
solar  system  which  are  here  described. 

Throughout  the  volume  he  has  endeavored  to  make  the  facts  he  describes  bear  upon 
the  illustration  of  the  Power,  "Wisdom,  Benevolence,  and  the  Moral  Government  of 
the  Almighty,  and  to  elevate  the  views  of  the  reader  to  the  contemplation  of  Him 
who  sits  on  the  throne  of  the  universe,  "  by  whom  the  worlds  were  framed,"  and  who 
ifl  the  Source  and  Center  of  aU  felicity. 

In  prosecuting  the  subject  of  Celestial  Scenery,  the  author  intends,  in  another 
Tolume,  to  carry  forward  his  survey  to  the  Starry  Heavens  and  other  objects  cou- 
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nected  with  astronomy.  That  volume  will  embrace  discussions  relative  to  the  number, 
distance,  and  arrangement  of  the  stars ;  periodical  and  variable  stars ;  new  and  tem- 
porary stars ;  double  and  triple  stars ;  binary  systems ;  stellar  and  planetary  nebulae ; 
the  comets,  and  other  particulars ;  accompanied  with  such  reflections,  as  the  contem- 
plation of  such  august  objects  may  suggest.  The  subject  of  a  plurality  of  worlds 
wiU  likewise  be  prosecuted,  and  additional  arguments,  derived  both  from  reason  and 
Kevelation,  will  be  adduced  in  support  of  this  position.  The  practical  utility  of 
astronomical  studies,  their  connection  with  religion,  and  the  views  they  unfold  of  the 
perfections  and  the  empire  of  the  Creator,  will  also  be  the  subject  of  consideration. 
And  should  the  limits  of  a  single  volume  permit,  some  hints  may  be  given  in  relation 
to  the  desiderata  in  astronomy,  and  the  means  by  which  the  progress  of  the  science  may 
be  promoted,  together  with  descriptions  of  the  telescope,  the  equatorial,  and  other 
instruments,  and  the  manner  of  using  them  for  celestial  investigation. 

Bboughtt  Febrt,  neab  D  undue. 
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INTRODUCTION. 


AsTnoNOMY  is  that  department  of  knowledge 
which  has  for  its  object  to  investigate  the  motions, 
the  magnitudes,  and  distances  of  the  heavenly  bo- 
dies; the  laws  by  which  their  movements  are  di- 
rected, and  the  ends  they  are  intended  to  sub- 
serve in  the  fabric  of  the  universe.  This  is  a 
science  which  has  in  all  ages  engaged  the  atten- 
tion of  the  poet,  the  philosopher,  and  the  divine, 
and  been  the  subject  of  their  study  and  admira- 
tion. Kings  have  descended  from  their  thrones  to 
render  it  homage,  and  have  sometimes  enriched  it 
with  their  labors;  and  humble  shepherds,  while 
watching  their  flocks  by  night,  have  beheld  with 
rapture  the  blue  vault  of  heaven,  with  its  thou- 
sand shining  orbs,  moving  in  silent  grandeur,  until 
lh>^  morning  star  announced  the  approach  of  day. 
The  study  of  this  science  must  have  been  coeval 
with  the  existence  of  man;  for  there  is  no  rational 
being  who  has  for  the  first  time  lifted  his  eyes  to 
thti  nocturnal  sky,  and  beheld  tiie  moon  walking 
in  brightness  amidst  the  planetary  orbs  and  the 
Lost  of  stars,  but  must  have  been  struck  with  ad- 
miration and  wonder  at  the  splendid  scene,  and 
excited  to  inquiries  into  tiie  nature  and  destination 
of  those  far-distant  orbs.  Compared  with  the 
splendor,  the  amplitude,  the  august  motions,  and 
the  ideas  of  infinity  which  the  celestial  vault  pre- 
sents, the  most  resplendent  terrestrial  scenes  sink 
into  inanity,  and  appear  unworthy  of  being  set  in 
competition  with  the  glories  of  the  sky. 

When,  on  a  clear  autumnal  evening,  after  sun- 
set, we  take  a  serious  and  attentive  view  of  the 
celestial  canopy;  when  we  behold  the  moon  dis- 
playing her  brilliant  crescent  in  the  vesteru  sky; 
the  evening  star  gilding  the  shades  of  night;  the 
planets  moving  in  their  several  orbs;  the  stars, 
one  after  another,  emerging  from  the  blue  ethe- 
real, and  gradually  lighting  up  the  firmament 
Until  it  appear  all  over  spangled  with  a  brilliant 
jissemblage  of  shining  orbs;  and  particularly 
when  we  behold  one  cluster  of  stars  gradually  de- 
scending below  the  western  horizon,  and  other 
clusters  emerging  from  the  east,  and  ascending, 
iu  unison,  the  canopy  of  heaven;  when  we  con- 
template the  whole  celestial  vault,  with  all  the 
shining  orbs  it  contains,  moving  in  silent  gran- 
deur, like  one  vast  concave  sphere,  around  this 
lower  world  and  the  place  on  which  we  stand — 
such  a  scene  naturally  leads  a  reflecting  mind  to 
such  inquiries  as  these:  Whence  come  those  stars 
which  are  ascending  from  the  east?  Whither 
have  those  gone  which  have  disappeared  in  the 
West?  What  becomes  of  the  stars  during  the 
day  which  are  seen  in  the  night?  Is  the  mo- 
tion which  appears  in  the  celestial  vault  real,  or 
does  a  motion  in  the  earth  itself  cause  this  ap- 
pearance? What  are  those  immense  numbers  of 
shining  orbs  which  appear  in  every  part  of  the 
sky?  Aro  they  mere  studs  or  tapers  fixed  in  the 
arch  of  heaven,  or  aro  they  bodies  of  immense 
Bize  and  splondor?    Do  they  shine  with  borrowed 


light,  or  with  their  own  native  luster?  Are  they 
placed  only  a  few  miles  above  the  region  of  the 
clouds,  or  at  immense  distances  beyond  the  range 
of  human  comprehension?  Can  their  distance  be 
ascertained?  Can  their  bulk  be  computed?  By 
what  laws  are  their  motions  regulated?  and  what 
purposes  are  they  destined  to  subserve  in  the  great 
plan  of  the  universe?  These,  and  similar  ques- 
tions, it  is  the  great  object  of  astronomy  to  re- 
solve, in  so  far  as  the  human  mind  has  been  en- 
abled to  prosecute  the  path  of  discovery. 

For  a  long  period,  during  the  infancy  of  sci- 
ence, comparatively  little  was  known  of  the  hea- 
venly bodies  excepting  their  apparent  motions  and 
aspects.  Instead  of  investigating  with  care  their 
true  motions,  and  relative  distances  and  magni- 
tudes, many  of  our  ancestors  looked  up  to  the 
sky  either  with  a  brute  unconscious  gaze,  or 
viewed  the  heavens  as  the  book  of  fate,  in  which 
they  might  read  their  future  fortunes,  and  learn, 
from  the  signs  of  the  zodiac,  and  the  conjunctions 
and  other  aspects  of  the  planets,  the  tempera- 
ments and  destinies  of  men  and  the  fate  of  em- 
pires. And  even  to  this  day,  in  many  countries, 
the  fallacious  art  of  prognosticating  fortunes  by 
the  stars  is  one  of  the  chief  uses  to  which  the  sci- 
ence of  the  heavens  is  applied.  In  the  ages  to 
which  I  allude,  the  world  in  which  we  dwell  was 
considered  as  the  largest  body  in  the  universe.  It 
was  supposed  to  be  an  immense  plane,  diversified 
with  a  few  inequalities,  and  stretching  in  every 
direction  to  an  indefinite  extent.  How  the  sun 
penetrated  or  surmounted  this  immense  mass  of 
matter  every  morning,  and  what  became  of  him 
in  the  evening — whether,  as  the  poets  assert,  he 
extinguished  himself  in  the  western  ocean,  and 
was  again  lighted  up  in  the  eastern  sky  in  the 
morning — many  of  them  could  not  determine. — 
Below  this  mass  of  matter  we  call  the  earth,  it 
was  conceived  that  nothing  but  darkness  and 
empty  space,  or  the  regions  of  Tartarus,  could 
exist.  The  stars  which  gild  the  concave  of  the 
firmament  above  were  considered  only  as  so  many 
bright  studs  fixed  in  a  crystalline  sphere,  wliich 
carried  them  round  every  day  to  emit  a  few  glim- 
mering rays,  and  to  adorn  the  ceiling  of  our  ter- 
restrial habitation.  Above  the  visible  firmament 
of  heaven,  and  far  beyond  the  ken  of  mortal  eye, 
the  Deity  was  supposed  to  have  fixed  his  special 
residence,  among  myriads  of  superior  intelli- 
gences. The  happiness,  the  preservation,  and  the 
moral  government  of  the  human  race  were  sup- 
posed to  be  the  chief  business  and  object  of  tho 
Deity,  to  which  all  iiis  decrees  in  eternity  past, 
and  all  his  arrangements  in  relation  to  eternity  to 
come,  had  a  special  and  almost  exclusive  refer- 
ence. Such  ideas  are  still  to  be  found,  even  in 
the  writings  of  Christian  divines,  at  a  period  no 
further  back  than  the  sixteenth  century. 

To  hazard  the  opinion  that  the  plans  of  the  Al- 
mighty embraced  a  much  more  extensive  range— 
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that  other  beings,  analogous  to  men,  inhabited  the 
planetary  or  the  starry  orbs,  and  that  such  beings 
form  by  far  the  greater  part  of  the  population  of 
the  universe — would  liave  been  considered  as  a 
heresy  in  religion,  and  would  probably  have  sub- 
jected some  of  those  who  embraced  it  to  the 
anathemas  of  the  church,  as  happened  to  Spige- 
hus,  bishop  of  Upsal,  for  defending  the  doctrine 
of  the  antipodes,  and  to  Galileo,  the  philosopher 
cf  Tuscany,  for  asserting  the  motion  of  the 
earth.  The  ignorance,  the  intolerance,  and  the 
contracted  views  to  which  I  allude,  are,  however, 
BOW,  in  a  great  measure,  dissipated.  Tlie  light 
of  science  has  arisen,  and  shed  its  benign  influ- 
ence on  the  world.  It  has  dispelled  the  darkness 
of  former  ages,  extended  our  prospects  of  the 
grandeur  and  magnificence  of  the  scene  of  crea- 
tion, and,  in  conjunction  with  the  discoveries  of 
revelation,  has  opened  new  views  of  the  perfec- 
tions and  moral  government  of  the  Almighty.  In 
the  progress  of  astronomical  science,  the  distances 
and  magnitudes  of  many  of  the  celestial  bodies 
began  to  be  pretty  nearly  ascertained;  and  the  in- 
vention of  the  telescope  enabled  the  astronomer  to 
extend  his  views  into  regions  far  beyond  the  limits 
of  the  unassisted  eye,  and  to  discover  myriads  of 
magnificent  globes  formerly  hid  in  the  unex- 
plored regions  of  immensity.  The  planetary  orbs 
were  found  to  bear  a  certain  resemblance  to  the 
earth,  having  spots  and  dark  streaks  of  different 
shades  upon  their  surfaces;  and  it  was  not  long 
in  being  discovered  that,  notwithstanding  their 
apparent  brilliancy,  they  are,  in  reality,  opaque 
globes,  which  derive  all  their  light  and  luster  from 
Sie  sun.  The  planet  Venus,  in  different  parts  of 
its  orbit,^'as  observed  to  exhibit  a  gibbous  phase, 
and  the  turm  of  a  crescent  siinUar  to  the  moon, 
plainly  indicating  that  it  is  a  dark  globe,  enlight- 
ened only  on  one  side  by  the  rays  of  the  sun. — 
The  moon  was  perceived  to  be  diversified  with 
hills  and  valleys,  caverns,  rocks,  and  plains,  and 
ranges  of  mountains  of  every  shape,  but  arranged 
in  a  manner  altogether  different  from  what  takes 
place  in  our  sublunary  sphere.  The  sun,  which 
was  generally  supposed  to  be  a  ball  of  liquid  fire, 
was  found  to  be  sometimes  covered  with  large 
dark  spots,  some  of  them  exceeding  in  size  the 
whole  surface  of  the  terraqueous  globe,  and  giv- 
iiig  indications,  by  their  frequent  changes  and  dis- 
appearance, of  vast  operations  being  carried  on 
upon  the  surface  and  in  the  interior  of  that  mag- 
nificent luminary.  Hundreds  of  stars  were  des- 
cried where  scarcely  one  could  be  perceived  by  a 
common  observer;  and  as  the  powers  of  the 
telescope  were  increased,  thousands  more  were 
brought  to  view,  extending  in  every  direction, 
fi'om  the  limits  of  unassisted  vision  throughout 
the  boundless  extent  of  space. 

It  is  natural  for  an  intelligent  observer  of  the 
universe  to  inquire  into  the  final  causes  of  the  va- 
rious objects  which  exist  around  him.     When  he 


beholds  the  celestial  regions  filled  with  bodies  of 
an  immense  size,  arranged  in  beautiful  and  bar. 
monious  order,  and  performing  tiieir  various  revo- 
lutions with  regularity  and  piecision,  the  natural 
inquiry  is,  For  what  end  has  the  Deity  thus  ex- 
erted his  wisdom  and  omnipotence?  What  is  tlie 
ultimate  destination  of  those  huge  globes  which 
appear  in  tiie  spaces  of  the  firmament?  Are 
these  vast  masses  of  matter  suspended  in  the  vault 
of  heaven  merely  to  diversify  the  voids  of  infinite 
space,  or  to  gratify  a  few  hundreds  of  terrestrial 
astronomers  in  peeping  at  them  through  their 
glasses?  Is  the  Almighty  to  be  considered  as 
taking  pleasure  in  beholding  a  number  of  splendid 
lamps,  hung  up  throughout  the  wilds  of  immen- 
sity, which  have  no  relation  to  the  accommoda- 
tion and  happiness  of  intelligent  minds?  Has  he 
no  end  in  view  corresponding  to  the  magnificence 
and  grandeur  of  the  means  he  has  employed  I  Or, 
are  we  to  conclude  that  his  wisdom  and  goodness 
are  no  less  conspicuously  displayed  than  his  om- 
nipotence in  peopling  those  vast  bodies  with  my- 
riads of  intelligent  existences  of  various  orders, 
to  share  in  his  beneficence  and  to  adore  his  perfec- 
tions? This  last  deduction  is  the  only  one  which 
appears  compatible  with  any  rational  ideas  we  can 
entertain  of  the  wisdom  and  intelligence  of  the 
Eternal  Mind,  and  the  principles  of  the  Divine 
government. 

This  opinion  is  now  very  generally  entertained 
by  those  who  have  turned  their  attention  to  the 
subject.  But  it  is  frequently  admitted  on  grounds 
that  are  too  general  and  vague;  on  the  authority 
of  men  of  science,  or  on  the  mere  ground  that 
the  planets  and  stars  are  bodies  of  immense  size; 
and  hence  it  is  only  considered  as  a  probable  opin- 
ion, and  a  thorough  conviction  of  its  truth  is  sel- 
dom produced  in  the  mind. 

In  the  following  work  it  shall  be  our  endeavor 
to  show  that  the  arguments  which  may  be  brought 
forward  to  establish  the  doctrine  of  a  plurality  of 
worlds  have  all  the  force  of  a  moral  demonstration ; 
that  they  throw  a  luster  on  the  perfections  of  the 
Divinity;  and  that  the  opposite  opinion  is  utterly 
inconsistent  with  the  every  idea  we  ought  to  enter- 
tain of  an  All-wise  and  Omnipotent  Intelligence. 

In  order  to  the  full  illustration  of  this  subject, 
It  will  be  necessary  to  take  a  pretty  minute  and 
comprehensive  view  of  all  the  known  facts  in  re- 
lation to  the  heavenly  bodies;  and  while  these 
facts  will  be  made  to  bear  upon  the  object  now 
proposed,  they  will  likewise  tend  to  exhibit  the 
scenery  of  the  heavens,  and  to  elucidate  many  of 
the  prominent  truths  and  principles  connected 
with  descriptive  astronomy.  In  the  progress  cf 
our  discussions,  we  shall  descend  into  many  mi- 
nute particulars  which  are  generally  overlooked 
by  writers  on  the  subject  of  astronomy,  and  shall 
introduce  several  original  observations  and  viewi 
on  this  subject  which  have  not  hitherto  been  par- 
ticularly detailed. 


CHAPTER  I. 


ON  THE  GENERAL  APPEARANCE   AND   APPARENT  MOTIONS    OF  THE   STARRY 

HEAVENS. 


Before  proceeding  to  a  particular  description 
of  tlie  real  magnitudes,  motions,  and  phenomena 
of  tlie  heavenly  bodies,  it  may  not  be  improper  to 
take  a  brief  survey  of  the  general  appearance  and 
apparent  motions  of  the  celestial  vault,  as  they 
present  themselves  to  the  eye  of  a  common  ob- 
server. 

It  is  of  importance  to  every  one  who  wishes  to 
acquire  a  clear  idea  of  the  principles  of  astrono- 
my and  the  phenomena  of  the  heavens,  that  he 
contemplate  with  his  own  eyes  the  apparent 
aspects  and  revolutions  of  the  celestial  bodies 
before  he  proceeds  to  an  investigation  of  the  real 
motions,  phenomena,  and  arrangements  which 
the  discoveries  of  science  have  led  us  to  deduce. 
From  want  of  attention  to  this  circumstance, 
there  are  thousands  of  smatterers  in  the  science 
of  astronomy  who  never  acquire  any  clear  or 
comprehensive  ideas  on  this  subject;  and  who, 
instead  of  clearly  perceiving  the  relations  of  the 
heavenly  orbs  from  their  own  observation,  rely 
chiefly  on  the  assertions  of  their  instructors,  or 
the  vague  descriptions  to  be  found  in  elementary 
books.  It  is  amazing  how  many  intelligent  men 
there  are  among  us  who  would  not  wish  to  be 
considered  altogether  ignorant  of  modern  astro- 
nomy, have  never  looked  up  to  the  celestial  vault 
with  fixed  attention;  have  never  made  repeated 
observations  to  discover  its  phenomena;  and  can- 
not tell,  from  their  own  survey,  what  are  the  va- 
rious motions  it  exhibits.  There  are  thousands 
and  ten  thousands  who  have  gazed  on  a  clear 
evening  sky,  at  certain  intervals,  during  a  period 
of  many  years,  yet  can  tell  no  more  about  the 
glorious  scene  around  them  than  that  they  behold 
a  number  of  shining  points  twinkling  in  every 
direction  in  the  canopy  above.  Whether  these 
bodies  shift  their  positions  with  regard  to  each 
other,  or  remain  at  the  same  relative  distances; 
whether  any  of  them  appear  in  motion,  while 
others  appear  at  rest;  whether  the  whole  celestial 
canopy  appears  to  stand  still,  or  is  carried  round 
with  some  general  motion;  whether  all  the  stars 
which  are  seen  at  six  o'clock  in  the  evening  are 
also  visible  at  twelve  at  midnight;  whether  the 
stars  rise  and  set,  as  the  sun  and  moon  appear  to 
do;  whether  they  rise  in  the  east,  or  north-east, 
or  in  any  other  quarter;  whether  some  rise  and 
set  regularly,  while  others  never  descend  below 
the  horizon;  whether  any  particular  stars  are  oc- 
casionally moving  backward  or  forward,  and  in 
what  parts  of  the  heavens  they  appear;  whether 
there  are  stars  in  our  sky  in  the  daytime  as  well 
as  during  night;  whether  the  same  clusters  of 
stars  are  to  be  seen  in  summer  as  in  winter  ?  To 
these  and  similar  questions  there  are  multitudes 
who  have  received  a  regular  education,  and  who 
are  members  of  a  Christian  church,  who  could 
give  no  satisfactory  answers.  And  yet  almost 
every  one  of  these  inquiries  could  be  satisfacto- 
rily answered,  in  the  course  of  a  few  evenings, 
by   any   man   of    common    understanding  who 


directed  his  attention  for  a  few  hours  to  the  sub- 
ject, and  that,  too,  without  the  knowledge  of  a 
single  scientific  principle.  He  has  only  to  open 
his  eyes,  and  to  make  a  proper  use  of  them;  ta 
fix  his  attention  oh  the  objects  before  him;  to 
make  one  observation  after  another;  and  to  com- 
pare them  together;  and  to  consider  that  "  the 
works  of  the  Lord  are  grecU,"  and  that  they  ought 
"  to  be  sought  out  [or  seriously  investigated]  by 
all  those  who  have  pleasure  therein." 

If  this  representation  be  admitted  as  just,  what 
a  striking  idea  does  it  present  of  the  apathy  and 
indifference  of  the  greater  part  of  mankind  in 
regard  to  the  most  astonishing  and  magnificent 
display  which  the  Creator  has  given  of  himself 
in  his  works!  Had  we  an  adequate  conception  of 
all  the  scenes  of  grandeur,  and  the  displays  of 
intelligence  and  omnipotent  power,  which  a  seri- 
ous contemplation  of  a  starry  sky  is  calculated  ta 
convey,  all  the  kingdoms  of  this  world  would 
sink  into  comparative  insignificance,  and  all  their 
pomp  and  splendor  appear  as  empty  as  the  bub- 
bles of  the  deep.  It  is  amazing  that  Christians, 
in  particular,  should,  in  so  many  instances,  be 
found  overlooking  such  striking  displays  of  Divino 
perfection  as  the  firmament  opens  to  our  view,  as 
if  the  most  august  works  of  the  Creator,  and  the 
most  striking  demonstration  of  his  "eternal  pow^ 
and  godhead,"  were  unworthy  of  their  regard; 
while  we  are  commanded,  in  Scripture,  to  "  lift 
up  our  eyes  on  high,  and  consider  Him  who  hath 
created  these  orbs,  who  bringeth  forth  their  hosts 
by  number,"  and  who  guides  them  in  all  their 
motions  "  by  the  greatness  of  his  strength." 
"The  heavens,"  says  the  Psalmist,  "declare  the 
glory  of  the  Lord,  and  the  firmament  showeth  hie 
handiwork."  Though  these  luminaries  "  have 
no  speech  nor  language,"  though  "  their  voice 
is  not  heard"  in  articulate  sounds,  yet,  as  they 
move  along  in  silent  grandeur,  they  declare  to 
every  reflecting  beholder  that  "  the  hand  that 
made  them  is  Divine." 

One  great  cause  of  this  indifference  and  inat- 
tention is  to  be  found  in  the  want  of  those  habita 
of  observation  and  reflection  which  ought  to  be 
formed  in  early  life  by  the  instructions  imparted 
in  the  family  circle  and  at  public  seminaries. 
Children,  at  a  very  early  age,  are  endowed  with 
the  principle  of  curiositj^  and  manifest  an  eager 
desire  to  become  acquainted  with  the  properties 
and  movements  of  the  various  objects  which  sur- 
round them;  but  their  curiosity  is,  in  most  in- 
stances, improperly  directed;  they  are  seldom 
taught  to  make  a  right  use  of  their  senses;  and 
when  they  make  inquiries  in  reference  to  the  ap- 
pearances of  nature,  their  curiosity  is  too  fre- 
quently repressed,  until,  at  length,  habits  of  inat- 
tention and  indifference  take  possession  of  their 
minds.  A  celebrated  author  represents  his  pupil 
as  expressing  himself  in  the  following  manner: — 
"  I  shall  freely  tell  you  the  things  which  fre- 
quently occur  to  my  mind,  and  often  perplex  my 
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thoughts.  I  see  the  heavens  over  my  head,  and 
tread  on  the  earth  with  my  feet;  but  I  am  at  a 
loss  what  to  tliink  of  that  mujldy  concave  above 
me,  or  even  of  this  very  eartli  I  walk  upon.  I 
often  think  whether  the  earth  may  not  stretch  out 
in  breadth  to  immensity,  so  as,  if  one  was  to 
travel  it  over,  one  should  never  be  able  to  get  to 
the  end  of  the  earth,  but  always  find  room  to  con- 
tinue the  journey;  nor  can  I  satisfy  myself  as  to 
the  depth  of  the  earth,  whether  it  has  any  bottom; 
and,  if  so,  what  it  can  be  that  is  below  the  earth. 
As  to  the  heaven,  1  need  say  nothing:  every 
change  that  happens,  and  every  object  seen  there, 
perplex  me  with  doubts  and  fruitless  guesses.  I 
often  wonder  hov/  the  sun  moves  over  so  large  a 
space  every  day,  and  yet  seems  not  to  stir  out  of 
his  place.  I  would  know  where  he  goes  beyond 
the  mountains  in  the  evening;  what  becomes  of 
him  in  the  night-time;  whether  he  makes  his  way 
through  tiie  thickness  of  *the  earth,  or  the  depth 
of  the  sea,  and  so  always  shows  himself  again 
from  the  east  next  morning.  It  seems  strange 
that,  being  so  small  a  body  as  he  is,  he  should 
still  be  seen  everywhere,  and  still  of  the  same 
bigness.  The  various  nature  of  the  mnon  seems 
yet  more  perplexing;  to-night,  perhaps,  you  can 
scarce  discern  her;  but,  in  a  few  days,  she  be- 
comes larger  than  the  body  of  the  sun  itself.  In  a 
little  time  after,  she  decays,  and,  at  last,  wears  quite 
away;  yet  she  recovers  again.  In  a  word,  she  is 
never  the  same,  and  yet  still  becoming  what  she 
was  before.  What  means  that  multitude  of  stars 
scattered  over  the  face  of  the  whole  sky,  whose 
number  is  so  great  that  it  is  become  proverbial? 
There  are  other  things  I  want  to  be  informed  of, 
but  these  are  the  main  difficulties  which  exercise 
my  thoughts,  and  perplex  my  mind  with  endless 
doubting." 

Were  the  young,  or  any  other  class  of  persons, 
led  to  such  reflections  as  these,  and  were  their 
doubts  and  inquiries  resolved,  so  far  as  our  know- 
ledge extends,  we  should  have  a  hundred  intelli- 
gent observers  of  the  phenomena  of  the  universe 
for  one  that  is  found  in  the  present  state  of  so- 
ciety. But,  instead  of  answering  their  inquiries 
and  gratifying  their  natural  curiosity,  we  not  un- 
frequently  tell  them  that  they  are  troublesome 
with  their  idle  questions;  that  they  ought  to  mind 
their  grammar  and  parts  of  speech,  and  not  med- 
dle with  philosophical  matters  until  they  be  many 
years  older;  that  such  subjects  cannot  be  under- 
stood until  they  become  men;  and  that  they  must 
be  content  to  remain  in  ignorance  for  ten  or 
twelve  years  to  come.  Thus  we  frequently  dis- 
play our  own  ignorance  and  inattention,  and 
thus  we  repress  the  natural  desire  for  knowledge 
in  the  young,  until  they  become  habituated  to 
ignorance,  and  until  the  uneasy  sense  arising  from 
curiosity  and  unsatisfied  desire  has  lost  its  edge, 
and  a  desire  for  sensual  or  vicious  pleasure  usurps 
its  place.  I  recollect,  when  a  boy  of  about  seven 
or  eight  years  of  age,  frequently  musing  on  such 
subjects  as  those  to  which  we  have  now  alluded. 
I  sometimes  looked  out  from  a  window,  in  the  day- 
time, with  fixed  attention,  on  a  pure  azure  sky, 
and  sometimes  stretched  myself  on  my  back  on 
a  meadow,  or  in  a  garden,  and  looked  up  to  the 
zenith  to  contemplate  the  blue  ethereal.  On  such 
occasions  a  variety  of  strange  ideas  sometimes 
passed  tlirough  my  mind.  I  wondered  how  far 
the  blue  vault  of  heaven  might  extend;  whether 
it  was  a  solid  transparent  arch,  or  empty  space; 
what  would  be  seen  could  I  transport  myself  to 
the  highest  point  I  perceived;  and  what  display 
the  Almighty  made  of  himself  in  those  region- 
BO  far  removed  from  mortal  view.    I  asked  myself 


whether  the  heavens  might  be  bounded  on  all 
sides  by  a  solid  wall;  how  far  this  wall  migiit  «!X- 
tcnd  in  thickness;  or  whether  there  was  nothing 
but  empty  space,  suppose  we  could  fly  forever  in 
any  direction.  I  then  entered  into  a  train  of  in- 
quiries as  to  what  would  have  been  the  conse- 
quences had  neither  heaven  nor  earth  been  made, 
and  had  God  alone  existed  in  the  boundless  void. 
Why  was  the  world  created?  What  necessity 
was  there  why  God  himself  should  exist?  And 
why  was  not  all  one  vast  blank,  devoid  of  matter 
and  intelligence?  My  thoughts  ran  h\Xo  wild 
confusion;  they  were  overwhelming,  and  tli:.'y 
became  even  oppressive  and  painful,  so  as  to  in- 
duce me  to  put  a  check  to  them,  and  to  hasten  to 
my  playful  associates  and  amusements.  But 
although  my  relatives  were  more  intelligent  than 
many  of  tiieir  neighbors,  I  never  tliLiui;:.!  of 
broaching  such  ideas,  or  of  making  any  inquirit-s 
of  them  respecting  the  objects  which  had  per- 
plexed my  thoughts;  and,  even  if  I  had,  it  is  not 
likely  I  should  have  received  much  satisfaction. 
Such  views  and  reflections  are,  pi'fhips,  not  un- 
common in  the  case  of  thousands  of  young  ])i-j- 
ple.  I  mention  these  things  to  show  tliut  the 
youthful  mind,  in  consequence  of  the  innate  desira 
of  knowledge  with  which  it  is  endowed,  is  often 
in  a  state  peculiarly  adapted  for  receiving  instruc- 
tion on  many  important  subjects,  and  for  becom- 
ing an  intelligent  observer  of  the  economy  of 
nature,  were  it  not  that  our  methods  of  instruc- 
tion hitherto,  both  in  public  and  in  private, 
instead  of  gratifying  juvenile  curiosity,  have 
frequently  tended  to  counteract  the  natural  aspi- 
rations of  the  opening  mind. 

But,  leaving  such  reflections  and  digressions, 
let  us  now  take  a  general  vi'-w  of  the  molions  of 
and  phenomena  of  the  nocturnal  heavens. 

Let  us  suppose  ourselves  under  the  op?n  cano- 
py of  heaven  in  a  clear  night,  at  six  o'clock  In 
the  evening,  about  the  first  of  November.  1  tix 
upon  this  period,  because  the  Pleiades,  or  seven 
stars,  which  are  known  to  every  one,  are  then 
visible  during  the  whole  night,  and  because,  at 
this  season  of  the  year,  the  most  brilliant  fixed 
stars,  and  the  more  remarkable  constellations,  are 
above  the  horizon  in  tiie  evening.  Turning  our 
eyes,  in  the  first  place,  toward  the  eastern  quarter 
of  the  heavens,  we  shall  see  the  seven  stars  just 
risen  above  the  horizon,  in  a  direction  about  half 
way  between  the  east  and  the  north-east  points, 
or  east-north-east.  North-west  from  the  seven 
stars,  at  the  distance  of  thirty  degrees,  a  v.ry 
bright  star,  nuned  Capella,  may  be  perceived  at  an 
elevation  of  about  eighteen  degrees  above  the  hori- 
zon. Directing  our  view  toward  the  south,  we  sh;dl 
perceive  a  pretty  bright  star,  with  a  small  st:ir  on 
the  north  and  another  on  the  south  of  it,  which 
has  just  passed  the  meridian.  This  star  is  called 
ALtair,  and  belongs  to  the  constellation  Aqitiln. — 
It  is  nearly  south,  ut  an  elevation  of  forty-sfx  de- 
grees, or  about  half-way  between  the  horizon  and 
the  zenith.  About  thirty-three  d  grees  north 
from  Altair,  and  a  little  farther  to  the  west,  is  the 
brilliant  star  Lyra,  belonging  to  the  Harp.  Look- 
ing to  the  west,  a  bright  star,  named  Arcturus, 
will  be  seen  about  fifteen  degrees  above  the  hori- 
zon, a  very  little  to  the  north  of  the  western  point. 
Turning  our  eyes  in  a  northerly  direction,  tlie 
constellation  Ursa  Major,  or  the  Great  Bear,  pre- 
sents itself  to  view.  This  cluster  of  \fitars  is 
sometimes  distinguislied  by  the  name  of  the 
PlotD,  or  Charles's  Wain,  and  is  known  to  ahnost 
every  observer.  The  relative  positions  of  tlse 
prominent  stars  it  contains  are  represented  in  the 
following  figure.      At  the  time  of  the  evening 
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now  supposed,  it  appears  a  little  to  the  westward 
of  the  northern  point  of  the  heavens,  the  two 
eastern  stars  of  the  square  being  about  eighteen 
degrees  west  from  tliat  point.  These  two  stars, 
the  uppermost  of  which  is  named  Dubhe,  and  the 
lower  one  Merak,  are  generally  distinguished  by 
the  name  of  the  Pointers,  because  they  point,  or  di- 
rect our  eye  toward  the  pole-star. 

The  seven  stars  in  the  lower  part  of  the  figure 
are  the  prominent  stars  which  constitute  the  tail 
and  the  body  of  the  Great  Bear.  The  first  of 
these,  reckoning  from  the  left,  is  termed  Benet- 
vasch,  the  second  Mizar,  the  tliird  Alioth,  the 
fourth  Megrez,  immediately  below  whicJi  is  Phad. 
The  other  two  stars  to  the  right  are  the  Pointers, 
alluded  to  above.  If  a  line  connecting  these  two 
stars  be  considered  as  prolonged  upward  to  a  con- 
siderable distance  until  it  meet  the  first  bright 
star,  it  directs  us  to  the  pole-star,  which  is  the  one 
nearest  to  the  pole,  and  which,  to  a  common  ob- 
server, never  seems  to  shift  its  position.  The 
uppermost  star  in  the  figure  toward  the  right  hand 
represents  the  pole-star  in  its  relative  distance  and 
position  to  the  Great  Bear.  The  distance  between 
the  two  pointers,  Dubhe  and  Merak,  is  about  five 
degrees;  and  the  distance  between  Dubhe,  the  up- 
permost of  the  pointers,  and  the  pole-star,  is  about 
twenty-nine  degrees;  so  that  the  space  between 
Dubhe  and  the  pole-star  is  nearly  six  times  the 
distance  between  the  two  pointers.  By  attending 
to  these  circumstances,  the  distance  between  any 
two  stars,  wiien  expressed  in  degrees,  may  be 
nearly  ascertained  by  the  eye.  The  six  small 
stars  in  the  upper  part  of  the  figure  represent  the 
constellation  Ursa  Minor,  or  the  Lesser  Bear,  of 
which  the  pole-star  forms  the  tip  of  the  tail. — 
They  resemble  the  configuration  of  the  stars  in 

Fig.  1. 


the  Great  Bear,  only  they  are  on  a  smaller  scale, 
and  in  a  reversed  position.* 

Having  now  fixed  on  certain  stars  or  points  in 
the  heavens  as  they  appear  about  six  in  the  even- 
ing, and  marked  their  relative  positions,  let  us 
take  another  view  of  the  celestial  vault  as  it  ap- 
pears about  ten  o'clock  the  same  evening,  or  the 
first*  clear  evening  afterward.  We  shall  then  find 
that  the  seven  stars  have  risen  to  a  considerable 


*In  these  observations,  the  obsen'er  is  supposed  to  be  placed 
■early  in  52-'  north  latitude,  which  is  nearly  the  latitude 
ef  London.  Those  who  reside  in  latitudes  between  40^  and 
45°,  as  the  inhabitants  of  Philadelphia,  New  York,  Hart- 
ford, Boston,  Montreal,  Madrid,  Rome,  etc.,  would  require 
Id  postpone  their  observations  until  a  little  after  half-past 
»ix  in  the  evenint;,  and  to  make  a  small  allowance  for  the 
elevations,  above  stated,  of  certain  stars  above  the  horizon. 
In  most  other  respects,  the  appearance  of  the  heavens,  to 
the  inhabitants  of  such  places,  will  be  the  same  as  here  de- 
Mxibed. 


elevation,  and  are  nearly  half  way  between  the 
eastern  horizon  and  the  south;  that  the  BuWs-eye, 
a  bright  ruddy  star,  which  was  before  invisible,  is 
now  seen  a  little  to  the  eastward  of  the  Pleiades; 
and  that  bright  constellation  Orion,  which  in  the 
former  observation  was  below  the  horizon,  is  now 
distinctly  visible  in  the  east  and  south-east;  and 
the  star  Capella  midway  between  the  horizon  and 
the  zenith.  The  stars  Altair  and  Lyra,  which 
were  before  nearly  south,  have  descended  more 
than  half-way  toward  the  western  horizon. — 
The  star  Arcturus  is  no  longer  visible,  having 
sunk  beneath  the  horizon;  and  many  stars  in 
the  eastern  quarter  of  the  heavens,  which  were 
formerly  unseen,  now  make  their  appearance  at 
different  elevations.  The  stars  of  the  Great  Bear, 
particularly  the  two  pointers,  which  were  former- 
ly to  the  west  of  the  north  point,  have  now  passed 
to  the  east  of  it.  At  twelve  o'clock,  midnight, 
their  position  may  be  thus  represented. 

Fig.  2. 
North. 


The  pointers  now  appear  considerably  to  th« 
eastward  of  the  north  point,  and  considerably 
more  elevated  than  before,  while  the  stars  in  the 
tail  appear  much  lower.  About  three  o'clock 
next  morning  the  pointers  will  appear  nearly  due 
east  from  the  pole-star,  and  at  the  same  elevation 
above  the  horizon;  and  the  other  stars  in  that 
constellation  will  be  seen  hanging,  as  it  were, 
nearly  perpendicularly  below  them.  At  this  hour 
the  Pleiades,  or  seven  stars,  will  appear  to  have 
moved  twenty-five  degrees  pa.^^t  the  meridian  to 
the  west,  and  the  brilliant  constellation  Orion  will 
be  seen  nearly  due  south.  The  bright  star  Ca- 
pella now  appears  nearly  in  the  zenith,  or  point 
directly  over  our  heads;  Lyra  is  in  the  horizon, 
nearly  due  north,  and  Altair  has  descended  below 
the  western  horizon.  At  six  in  the  morning,  the 
seven  stars  will  be  .seen  in  the  west,  only  a  short 
distance  above  the  liorizon;  and  all  the  other  star» 
to  the  eastward  of  them  will  be  found  to  have 
made  a  considerable  progress  toward  the  west. — 
At  this  hour  the  stars  of  the  Great  Bear  will  ap- 
pear near  the  upper  part  of  the  heavens,  and  the 
pointers  not  far  from  the  zenilh.  Their  positioB 
at  this  time  is  shown  in  the  following  figure. 

Here  the  pointers  appear  elevated  a  great  way 
above  the  pole-star,  whereas,  in  the  observation  at 
six  in  the  evening,  the  whole  constellation  ap- 
peared far  below  it.  At  eight  in  the  morning,  the 
whole  of  the  constellation  would  be  seen  nearly 
overhead,  were  the  stars  then  visible;  at  twelve, 
noon,  it  would  appear  toward  the  west,  at  a  con- 
siderable elevation;  and  at  six  in  the  evening,  it 
would  again  return  to  its  former  position,  as  noted 
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Fig.  3. 


In  our  first  observation.  The  following  figure 
represents  the  position  of  Ursa  Minor,  or  the  Les- 
ser Bear,  at  four  different  periods  during  twenty- 
four  hours. 


At  six  in  the  evening,  about  the  beginning  of 
Wovember,  Ursa  Minor  will  be  nearly  in  the  posi- 
tion represented  on  the  left  at  A,  nearly  straight 
west  from  the  pole-star,  which  appears  in  the  cen- 
ter. Six  hours  afterward,  or  at  twelve,  midnight, 
it  will  appear  below  the  pole,  in  the  position 
mai'ked  B;  at  six  next  morning,  it  will  appear 
opposite  to  its  first  position,  as  represented  on  the 
right  at  C;  at  twelve,  noon,  it  will  appear  above 
the  pole,  as  represented  at  D;  but  in  tliis  position 
it  cannot  be  seen  in  November,  or  during  the 
winter  months,  as  the  stars  at  that  time  of  the 
day  are  eclipsed  by  the  light  of  the  sun.  At  six 
in  the  evening  it  again  returns  to  its  former  posi- 
tion. Such  are  the  general  appearance  and  appa- 
rent motions  of  all  the  stars  in  the  northern 
hemisphere,  within  fifty-two  degrees  of  the  pole, 
to  a  spectator  situated  in  .52°  of  north  latitude. 
They  all  appear  to  perform  a  circuit,  in  the 
course  of  twenty-four  hours,  around  a  point 
which  is  the  center  of  their  motion,  near  to  which 
is  the  pole-star.  All  the  stars  within  this  range 
never  set,  but  appear  to  describe  complete  circles, 
of  different  dimensions,  around  the  pole  and 
above  tiie  horizon.  When  they  are  in  the  lower 
part  of  their  course,  or  beneath  the  pole,  thej'  ap- 
pear to  move  from  west  to  east;  but  when  in  the  i 
higher  part  of  their  course,  their  apparent  motion 
is  from  east  to  west;  and  all  their  circuits  are  com- 
pleted in  exactly  the  same  period  of  time,  namely, 
twenty-three  hours,  fifty-six  minutes,  and  four 
eeconds. 

Let  us  now  consider  the  appearances  which 
present  themselves  in  the  other  quarters  of  the 
heavens.     If  we  turn  our  eyes  a  little  to  the  left 


of  the  south,  near  to  that  point  of  the  compase 
called  south-south-east,  and  observe  a  star  near 
the  horizon,  such  as  the  star  FomaUiuut,  in  the 
Southern  Fish,  it  will  appear  to  rise  to  a  very 
small  altitude  when  it  conies  to  the  meriiliau,  only 
about  six  degrees,  and  in  about  five  hours  it  will 
set  near  the  point  south-south- west,  liaving  de- 
scribed a  very  small  arc  of  a  circle  above  the 
horizon.  If  we  direct  our  attention  to  the  south- 
east, and  observe  any  bright  star,  such  as  Sirius, 
or  the  Dog-star,  in  the  horizon,  it  will  make  a 
larger  circuit  over  the  southern  sky,  and  will  re- 
main about  nine  hours  above  the  horizon  before 
it  sets  in  the  south-west.  If  we  look  due  east, 
and  see  a  star,  such  as  Procyon  in  the  constella- 
tion of  the  Lesser  Dog,  rising,  it  will  remain 
about  twelve  hours  above  the  horizon,  and  will 
set  in  the  west.  Jf  we  look  to  the  north-east, 
and  perceive  anj'  stars,  such  as  Castor  and  PoUux, 
beginning  to  appear,  they  will  make  a  large  cir- 
cuit round  the  heavens,  such  as  the  sun  describes 
in  the  month  of  June,  and,  after  the  period  of 
about  eighteen  hours,  will  set  in  the  north-west 
Such  are  the  general  appearances  and  the  ap- 
parent motions  of  the  heavens  which  present 
themselves  when  viewed  from  our  northern  lati- 
tude. Were  we  to  take  our  station  near  the  Gulf 
of  Guinea,  in  the  island  of  Sumatra,  or  Borneo, 
in  the  Gallipago  Isles,  in  the  city  of  Quito,  in 
South  America,  or  on  any  other  point  of  tliie 
globe  near  the  equator,  the  motions  of  the  stars 
would  appear  somewhat  different.  The  pole- 
star,  instead  of  being  at  a  high  elevation,  as  in 
our  latitude,  would  be  in  the  hoiizon.  All  the 
stars  would  appear  to  rise  and  set,  and  the  time  of 
their  continuance  above  the  horizon  would  be 
precisely  the  same.  The  stars  which  rise  in  the 
east  would  ascend  to  the  zenith,  and  pass  directly 
overhead,  in  the  course  of  six  hours;  and  ia 
another  six  hours  they  would  descend  to  the  hori- 
zon, and  set  in  the  western  point.  The  stars 
near  .the  northern  and  southern  points  would  ap- 
pear to  describe  small  semicircles  above  the  hori- 
zon during  the  same  time,  and  their  motion  would 
appeur  much  slower.  The  Great  Bear,  which 
never  sets  in  our  latitude,  would  be  above  the 
horizon  only  during  the  one-half  of  its  circuit. 
Many  stars  and  constellations  would  appear  in 
the  southern  quarter  of  the  sky  which  we  never 
see  in  our  latitude.  Every  star  would  be  found 
to  remain  exactly  twelve  hours  above  and  twelve 
hours  below  the  horizon,  and  all  the  visible  stars 
in  the  firmament  might,  from  such  a  position  be 
perceived  in  the  course  of  a  year.  Were  we  to 
take  our  station  in  the  southern  hemisphere,  in 
Valdivia,  Botany  Bay,  or  Van  Dieman's  Land,  the 
heavens  would  present  a  different  aspect  from  any 
of  those  we  have  yet  contemplated.  The  north 
pole-star,  the  Great  Bear,  and  other  neighboring 
constellations,  would  never  appear  above  the  hori- 
zon. Many  of  the  stars  which  vve  now  see  in 
the  south  would  appear  in  the  north.  The  south 
pole  would  appear  elevated  about  forty  degrees 
above  the  horizon,  and  various  clusters  of  stars 
would  be  seen  revolving  round  it,  as  the  Great 
Bear  and  other  constellations  do  around  the  north 
pole.  In  fine,  could  we  take  our  station  at  ninety 
degrees  of  north  latitude,  or,  in  other  words,  at 
the  north  pole  of  the  world,  we  should  just  sea 
one-half  of  the  stars  of  heaven,  and  no  portion  of 
the  other  half  would  ever  be  visible.  These  stars 
would  appear  neither  to  rise  nor  set,  nor  yet  to 
stand  still.  They  would  appear  to  move  round 
the  whole  heavens,  in  circles  parallel  to  the  hori 
zon,  every  twenty-four  hours;  and  on  every  clear 
evening,  all  the  stars  that  are  ever  visible  in  that 
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hemisphere  may  be  seen.  The  stars,  however, 
that  appear  in  a  certain  direction  at  any  particular 
hour,  will  appear  at  the  same  elcvalion  in  the  op- 
posite direction,  twelve  hours  afterward;  and 
during  nearly  six  months  no  stars  will  be  seen  in 
tlie  sky. 

The  apparent  motion  of  the  heavens  may  at 
any  time  be  perceived  by  fixing  on  any  star  that 
appears  nearly  in  a  line  with  a  tree,  a  spire,  or 
any  other  fixed  object,  and  in  the  course  of  a  few 
minutes  its  motion  will  be  perceptible;  or,  fix  a 
common  telescope  upon  a  pedestal,  and  direct  it  to 
any  star,  and  in  three  or  four  minutes  it  will  be 
seen  to  have  passed  out  of  the  field  of  view.  In 
the  description  now  given,  I  have  spoken  of  the 
pole-star  as  if  it  were  actually  the  pole,  or  the 
most  northerly  point  of  the  heavens.  But  it  may 
be  proper  to  state,  that  though  it  is  the  nearest 
large  star  to  that  point,  it  is  not  actually  in  tiie 
pole;  it  is  somewhat  more  than  a  degree  and  a 
half  from  the  polar  point,  and  revolves  around 
that  point,  in  a  small  circle,  every  twenty-four 
hours.  Tliis  motion  may  be  perceived  by  direct- 
ing a  telescope  of  a  moderate  magnifying  power 
to  this  star,  and  fixing  it  in  that  position,  when,  In 
the  course  of  an  hour  or  two,  it  will  be  found  to 
have  moved  beyond  the  field  of  view. 

All  the  observations  above  stated  (excepting 
those  supposed  to  have  been  made  at  the  equator, 
and  in  southern  latitudes)  may  be  accomplished 
in  the  course  of  two  or  three  evenings,  without ! 
incurring  the  loss  of  a  couple  of  hours  ;  {6r  each 
observation  may  be  made  in  the  space  of  five  or : 
ten  minutes.  Every  inhabitant  of  the  globe  has 
an  opportunity,  if  he  choose,  of  observing  the  as- 
pect of  the  heavens  in  the  manner  now  described, 
excepting,  perhaps,  those  who  live  in  dark  and 
narrow  lanes,  in  large  cities,  where  the  sky  is 
scarce^ 3'  visible  ;  the  most  unnatural  situations  in 
which  h»man  beings  can  be  placed,  and  which 
ought  no  longer  to  remain  as  the  abodes  of  men. 
And  the  man  who  will  not  give  himself  the  trou- 
ble of  making  such  observations  on  the  starry 
heavens,  deserves  to  remain  in  ignorance  of  the 
most  sublime  operations  of  the  Creator. 

Let  us  now  consider  what  is  the  conclusion  we 
wight  to  deduce  from  our  observations  respecting 
the  apparent  motions  of  the  heavens.  All  the 
phenomena  which  we  have  described,  when  duly 
considered  and  compared  together,  conspire  to 
ehow  that  the  whole  celestial  vault  perforins  an  ap- 
parent revolution  round  the  earth,  carrying,  as  it 
were,  all  the  stars  along  with  it,  in  the  space  of 
twenty-four  hours.  This  may  be-  plainly  demon- 
strated by  means  of  a  celestial  globe,  on  which 
all  the  visible  stars  are  depicted.  When  the  north 
pole  is  elevated  fifty-two  degrees  above  the  north- 
ern horizon,  and  the  globe  turned  round  on  its 
axis,  all  the  variety  of  phenomena  formerly  de- 
scribed may  be  clearly  perceived. 

Here,  then,  we  have  presented  to  view  a  scene 
the  most  magnificent  and  sublime.  All  the  bright 
luminaries  of  the  firmament  revolving  in  silent 
grandeur  around  our  world  ;  not  only  the  stars 
visible  to  the  unassisted  eye,  but  all  the  ten  thou- 
sands and  millions  of  stars  which  the  telescope 
has  enabled  us  to  descry  in  every  region  of  the 
heavens,  for  they  all  seem  to  partake  of  the  same 
general  motion.  If  we  could  suppose  this  motion 
to  be  real,  it  would  convey  to  the  mind  the  most 
magnificent  and  impressive  idea  whicli  could  pos- 
sibly be  formed  of  the  incomprehensible  energies 
of  Omnipotence.  For  here  we  have  presented  to 
view,  not  only  ten  thousand  times  ten  thousands 
of  immense  globes,  far  superior  to  the  v.holc  earth 
l«  miigiiitude,  but  the  greater  part  of  them  carried 
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round  in  their  revolutions  with  a  velocity  that 
baflies  the  power  of  the  most  capacious  mind  to 
conceive.  In  this  case,  there  would  be  uiillions 
of  those  vast  luminaries,  which  behooved  (o  move 
at  the  rate  of  several  theusands  of  millions  of 
miles  in  the  space  of  a  second  of  time.  For  in  pro- 
portion to  the  distances  of  any  of  tlie.se  bociss 
would  be  the  rapidity  of  their  motions.  Tlie 
nearest  star  would  move  more  than  fourteen  hun- 
dred millions  of  miles  during  the  time  in  which 
tlie  pendulum  of  a  clock  moves  from  one  side  to 
another;  but  there  are  thousands  of  stars  visible 
through  our  telescopes  at  least  a  huntlred  times 
more  di.stant,  and  whose  distance  cannot  be  less 
than  2,000,000,000,000,000,  or  two  thousand  bil- 
lions of  miles.  This  forms  the  radium,  or  hall 
diameter  of  a  cii'cle,  whose  circumference  is  about 
12,500,000,000,000,000,  or  twelve  thousand  five 
hundred  billions  of  miles.  Around  this  circum- 
ference, therefore,  the  star  behooved  to  move  every 
da)'.  In  a  sidereal  day  of  twenty-three  hours, 
fifty-six  minutes,  and  four  seconds,  there  are 
86,1  C4  seconds.  Divide  the  number  of  miles  iu 
the  circumference  by  the  number  of  seconds  in  a 
day,  and  the  quotient  will  be  somewhat  more  than 
145,000,000,000,  or  one  hundred  and  forty-five 
thousand  millions,  which  is  the  number  oif  miles 
that  such  a  star  would  move  in  the  space  of  a 
second,  or  during  the  pulsation  of  an  artery,  were 
the  celestial  vault  to  be  considered  as  really  ia 
motion;  a  rate  of  motion  more  than  a  hundred 
thousand  millions  of  times  greater  than  that  of  a 
cannon  ball,  and  seven  hundred  thousand  times 
more  rapid  than  the  motion  of  light  itself,  which 
is  considered  the  swiftest  motion  in  nature. 

The  idea  of  such  astonishing  velocities  com- 
pletely overpowers  the  human  imagination,  and  is 
absolutely  inconceivable.  We  perceive  no  object.s 
or  motions  connected  with  our  globe  that  can  as- 
sist our  imagination  in  forming  any  definite  con- 
ceptions on  this  subject.  Tiie  swiftest  impulse 
that  was  ever  given  to  a  cannon  ball,  or  any  other 
projectile,  sinks  into  notliiiig  in  the  comparison. 
Weie  we  transported  to  the  planet  Saturn,  and 
placed  on  its  equatorial  regions,  we  should  behold 
a  stupendous  arch,  thirty  thousand  miles  in 
breadth,  and  more  than  six  hundred  thousand 
miles  in  circumference,  revolving  around  us  every 
ten  hours,  at  the  rate  of  a  thousand  miles  in  a 
minute,  and  sixty  thousand  miles  every  hour. — 
But  even  this  astonishingly  rapid  motion  would 
afford  us  little  assistance  in  forming  our  concep- 
tions, as  it  bears  no  comparison  with  the  motions 
to  which  we  have  now  adverted.  It  becomes 
those  persons,  therefore,  who  refuse  to  admit  the 
motion  of  the  earth,  to  consider,  and  to  ponder  with 
attention,  the  only  other  alternative  which  must  he 
admitted,  namely,  that  all  the  bodies  of  the  firma- 
ment move  round  the  earth  every  day  with  such 
amazing  velocities  as  have  now  been  stated.  If  it 
appear  wonderful  that  this  globe  of  the  land  and 
water,  with  all  its  mighty  cities  and  vast  popula- 
tion, moves  round  its  axis  every  day  at  the  rate  of 
a  thousand  miles  an  hour,  how  much  more  won- 
derful, and  passing  all  comprehension,  that  my- 
riads of  huge  globes  should  move  round  the  earth 
in  the  same  time  with  such  inconceivable  rapidity. 
If  we  reject  the  motion  of  the  earth  because  it  Is 
incomprehensible  and  contrary  to  all  our  precon- 
ceived notions,  we  must,  on  the  same  ground, 
likewise  reject  the  motion  of  the  heavens,  which 
is  far  more  difficult  to  be  conceived,  and  conse- 
quently fall  into  dovs'nright  skepticism,  and  reject 
even  tlie  evidences  of  our  senses  as  to  what  ap- 
pears in  tlie  economy  of  nature.  Such  viewa 
and   con.^iderations,  however,  teach    us   that,  iit 
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whatever  point  of  view  we  contemplate  the  works 
of  the  Almighty,  particularly  the  scenery  of  the 
heavens,  the  mind  is  irresistibly  inspired  with  sen- 
timents of  admiration  and  wonder.  To  the  vul- 
gar eye  as  well  as  to  the  philosophic,  "  the  heavens 
declare  the  glory  of  God."  Tiieir  harmony  and 
order  evince  his  wisdom  and  intelligence;  and  the 
numerous  bodies  they  contain,  and  the  astonishing 
motions  they  exhibit,  on  whatever  hypothesis  they 
are  contemplated,  demonstrate  both  to  the  savage 
and  the  sage  the  existence  of  a  power  which  no 
created  being  can  control. 

"  View  the  amazing  canoi)y! 
The  wide,  the  wonderful  expanse! 
Let  each  bold  infidel  agree 
That  God  is  there,  unknown  to  chance." 

W"*  cannot,  however,  admit,  in  consistency  with 
the  dictates  of  enlightened  reason,  that  the  appa- 
rent diurnal  movements  of  the  stars  are  the  real 

motions  with  which  these  bodies  are  impelled 

For,  in  the  first  place,  such  motions  are  altogether 
unnecessary  to  produce  the  effect  intended,  name- 
ly, the  alternate  succession  of  day  and  night  with 
respect  to  our  globe;  and  we  know  tiiat  the  Al- 
mighty does  nothing  in  vain,  but  employs  the 
most  simple  means  to  accomplish  the  most  aston- 
ishing and  important  ends.  The  succession  of 
day  and  night  can  be  accomplished  by  a  simple 
rotation  of  the  earth  from  west  to  east  every 
twenty-four  hours,  which  will  completely  account 
for  the  apparent  motion  of  the  heavens,  in  the 
same  time,  from  east  to  west.  This  v>^e  find  to  be 
the  case  with  Jupiter  and  Saturn,  which  are  a 
thousand  times  larger  than  the  earth,  as  well  as 
with  the  other  planets,  which  have  a  rotation 
round  their  axes,  some  in  ten  hours,  some  in 
twenty-three,  and  some  in  ten  hours  and  a  half; 
and  consequently,  from  the  surfaces  of  these  bo- 
dies the  heavens  inll  appear  to  revolve  around 
them  in  another  direction  from  what  they  do  to 
us,  and,  in  certain  instances,  with  a  much  greater 
degree  of  velocity.  We  must  therefore  conclude 
that  our  motion  every  day  toward  the  east  causes 
the  heavens  to  appear  as  if  they  moved  toward 
the  west;  just  as  the  trees  and  houses  on  the  side 
of  a  narrow  river  appear  to  move  to  the  west 
when  we  are  sailing  down  its  current  in  a  steam- 
boat toward  the  east. 

2.  Because  it  is  impossible  to  conceive  that  so 
many  bodies  of  different  ynagnitudes,  and  at  diffe- 
rent distances  from  the  earth,  could  all  have  the 
same  period  of  diurnal  revolution.  The  sun  is 
four  hundred  times  farther  from  us  than  the  moon, 
and  is  sixty  millions  of  times  larger.  Saturn  and 
Herschel  are  still  further  from  the  earth;  the 
comets'are  of  different  sizes,  and  traverse  the  hea- 
vens in  all  directions  and  at  different  distances; 
the  fixed  stars  are  evidently  placed  at  different  dis- 
tances from  the  earth  and  from  each  other;  yet  all 
these  bodies  have  exactly  the  same  period  of  revo- 
lution, even  to  a  single  moment,  if  the  heavens 
revolve  around  the  earth,  and  that,  too,  notwith- 
standing the  other  motions,  in  various  directions, 
which  many  of  them  perform.  It  is,  therefore, 
much  more  natural  and  reasonable  to  suppose  that 
the  earth  revolves  around  its  axis,  since  this  cir- 
cumstance solves  all  the  phenomena  and  removes 
wvery  difficulty. 

3.  Because  such  a  rate  of  motion  in  the  heavenly 
bodies,  if  it  could  be  supposed  to  exist,  would  soon 
shatter  them  to  atoms.  Were  a  ball  of  wood  to  be 
projected  from  a  cannon  at  the  rate  of  a  thousand 
miles  an  hour,  in  a  few  moments  it  would  be  re- 
duced to  splinters;  and  hence  the  forage  and  other 
soft  substances  projected  from  a  musket  or  a  piece 
of  ordnance  aro  JnsLuitly  torn  to  pieces.     Vriiat, 


then,  might  be  supposed  to  be  tho  consequence, 
were  a  body  impelled  through  the  regions  of  spac* 
with  a  velocity  of  a  hundred  and  lorty  ihousaii<i 
millions  of  miles  iu  a  moment  of  time?  It  would 
most  assuredly  reduce  to  atoms  the  most  compact 
bodies  in  the  universe,  although  they  were  com- 
posed of  substances  harder  than  adamant.  But 
as  the  fixed  stars  appear  to  be  bodies  of  a  naturu 
somewhat  similar  to  the  sun,  and  as  the  sun  is 
much  less  dense  than  the  earth,  and  only  a  little 
denser  than  water,  it  is  evident  that  they  could 
not  withstand  such  a  rapidity  of  motion,  which 
would  instantly  shatter  their  constitution,  and 
dissipate  every  portion  of  their  substance  through 
the  voids  of  space. 

4.  Because  there  is  no  known  instance  in  the  uni- 
verse (if  that  to  which  we  are  now  adverting  be 
excepted)  of  a  larger  body  revolving  around  a 
smaller.  I'iie  planet  Jupiter  does  not  revolve 
around  his  satellites,  which  are  a  thousand  times 
less  than  that  ponderous  globe,  but  they  all  re- 
volve around  him;  nor  does  the  earth,  which  is 
fifty  times  larger  than  the  moon,  revolve  around 
tiiat  nocturnal  luminary,  but  she  regularly  revolves 
about  the  earth,  as  the  more  immediate  center  of 
her  motion.  The  sun  does  not  perform  his  revo- 
lution around  Venus  or  Mercury,  but  these  pla- 
nets, which  are  small,  compared  with  that  miglity 
orb,  continually  revolve  about  him  as  the  center 
of  their  motions.  Neither  on  earth  nor  in  the 
heavens  is  there  an  instance  to  be  found  contrary 
to  this  law,  which  appears  to  pervade  the  whole 
system  of  universal  nature;  but  if  the  diurnal 
revolution  of  the  stars  is  to  be  considered  as  their 
proper  motion,  then  the  whole  universe,  with  ail 
the  myriads  of  huge  globes  it  contains,  is  to  be 
considered  as  daily  revolving  around  an  inconside- 
rable ball,  which,  when  compared  with  these  lu- 
minaries, is  only  as  an  atom  to  the  sun,  or  as  the 
smallest  particle  of  vapor  to  the  vast  ocean. 

5.  The  apparent  motion  of  the  heavens  cannot 
be  admitted  as  real,  because  it  %vould  confound  all 
our  ideas  of  the  intdligence  of  the  Deity.  While  it 
tended  to  exalt  our  conceptions  of  liis  omnipo- 
tence to  the  highest  pitch,  it  would  convey  to  U9 
a  most  unworthy  and  distorted  idea  of  his  icisdom. 
Wisdom  is  that  perfection  of  an  intelligent  agent 
which  enables  him  to  proportionate  one  thing  to 
another,  and  to  devise  the  most  proper  means  in 
order  to  accomplish  important  ends.  We  infer 
that  an  artist  is  a  wise  man  from  the  nature  of 
his  workmanship,  and  the  methods  he  employs  to 
accomplish  his  purposes.  We  should  reckon  that 
person  foolish  in  the  extreme  who  should  con- 
struct, at  a  great  expense,  a  huge  and  clumsy  piece 
of  machinery  for  carrying  round  a  grate,  and  the 
wall  of  a  house  to  which  it  is  attached,  for  the 
purpose  of  roasting  a  small  fowl  placed  in  the 
center  of  its  motion,  instead  of  making  the  fov,i 
turn  round  its  difl'erent  sides  to  the  fire.  We 
should  consider  it  as  the  most  preposterous  pro- 
ject that  was  ever  devised  were  a  community  to 
attempt,  by  machinery,  to  make  a  town  and  its 
harbor  move  forward  to  meet  every  boat  and 
small  vessel  that  entered  the  river  on  which  it  was 
situated,  instead  of  allowing  such  vehicles  to  move 
onward  as  they  do  at  present.  But  none  of  these 
schemes  would  be  half  so  preposterous  as  to  sup- 
pose that  the  vast  universe  moves  daily  round  aa 
inconsiderable  ball,  when  no  end  is  accomplished 
by  such  a  revolution  but  what  may  be  effected  in 
the  most  simple  manner.  Such  a  device,  therefore, 
cannot  be  any  part  of  the  arrangements  of  Infi- 
nite Wisdom.  It  would  tend  to  lessen  our  ideas 
of  the  intelligence  of  that  adorable  Being  who  is 
"  wonderful  in  counsel  and  excellcjit  in  working."" 
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who  "  established  the  world  by  his  wisdom,  and 
stretched  out  the  heavens  by  his  understanding," 
and  whose  wisdom  as  far  excels  that  of  man  as 
the  "heaven  in  itshight  surpasses  the  earth." — 
This  argument  alone  I  consider  as  demonstrative 
of  the  position  we  are  now  attempting  to  support. 

Tlie  above  are  a  few  arguments  which,  when 
properly  weighed,  ought  to  carry  conviction  to 
tlie  mind  of  every  rational  inquirer,  that  the  gen- 
eral motion  which  appears  in  the  starry  heavens 
is  not  real,  but  is  caused  by  the  rotation  of  the 
earth  round  its  axis  every  day,  by  which  we  and 
all  the  inhabitants  of  the  globe  are  carried  round 
in  a  regular  and  uniform  motion  from  west  to 
east.  When  this  conclusion  is  admitted,  it  re- 
moves every  difficulty  and  every  disproportion 
which  at  first  appeared  in  tlie  motions  and  ar- 
rangements of  the  celestial  orbs,  and  reduces  the 
system  of  the  universe  to  a  scene  of  beauty,  har- 
mony and  order  worthy  of  the  infinite  wisdom 
of  Him  who  formed  the  plan  of  the  mighty  fabric, 
and  who  settled  "  the  ordinances  of  heaven."  In- 
stead, then,  of  remaining  in  a  state  of  absolute 
rest,  as  we  are  at  first  apt  to  imagine,  we  are  trans- 
ported every  moment  toward  the  east  with  a  mo- 
tion ten  times  more  rapid  than  has  ever  been 
effected  by  steam- carriages  or  air-balloons.  It  is 
true,  we  do  not  feel  this  motion,  because  it  is 
smooth  and  uniform,  and  is  never  interrupted. 
The  earth  is  carried  forward  in  its  course,  not  like 
a  ship  in  the  midst  of  a  tempestuous  ocean,  but 
through  a  smooth  ethereal  sea,  where  all  is  calm 
and  serene,  and  where  no  commotions  to  disturb 
its  motion,  ever  arise.  Carried  along  with  a  velocity 
which  is  common  to  everything  around  us,  we  are 
in  a  state  somewhat  similar  to  that  of  a  person  in 
a  ship  which  is  sailing  with  rapidity  in  a  smooth 
current;  he  feels  no  motion  except  when  a  large 
wave  or  other  body  happens  to  dash  against  the 
vessel;  he  fancies  himself  at  rest,  while  the  shore, 
the  buildings,  and  the  hills  appear  to  him  to  move; 
but  the  smallness  of  the  vessel,  compared  with  the 
largeness  of  the  objects  which  seem  to  move,  con- 
vinces him  that  the  motion  is  connected  with  the  ship 
inwhichhesails:and  on  similar  principles  we  infer 
that  the  apparent  motion  of  the  heavens  is  caused 
by  the  real  motion  of  the  earth,  which  carries  us 
along  with  it  as  a  ship  carries  its  passengers  along 
the  sea.  With  regard  to  motion,  it  may  be  ob- 
served, that,  strictly  speaking,  we  do  not  perceive 
any  motion  either  in  the  earth  or  in  the  heavens. 
When  we  look  at  a  star  with  the  utmost  steadi- 
ness, we  perceive  no  motion,  although  we  keep 
our  eye  fixed  upon  it  for  a  few  minutes;  but,  if 
we  mark  the  position  of  the  star  with  regard  to  a 
tree  or  a  chimney  top,  and,  after  an  hour  or  two, 
view  the  star  from  the  same  station,  we  shall  find 
that  it  then  appears  in  a  different  direction.  Hence 
we  infer  that  motion  has  taken  place;  but  whether 
the  motion  be  in  the  star  or  in  the  persons  who 
have  been  observing  it,  remains  still  to  be  deter- 
mined. We  perceive  no  motion  in  the  star  any 
more  than  we  feel  the  motion  of  the  earth.  All 
tliat  we  perceive  is,  that  the  two  objects  have 
changed  their  relative  positions;  and,  tlierefore, 
the  body  that  is  really  in  motion  must  be  deter- 
mined by  such  considerations  as  we  have  stated 
above. 

Beside  the  apparent  diurnal  revolution  of  the 
heavens,  there  is  another  apparent  motion  which 
requires  to  be  considered.  It  is  well  known  to 
every  one  who  has  paid  the  least  attention  to  this 
subject,  that  we  do  not  perceive  the  same  clusters 
of  stars  at  every  season  of  the  year.  If,  for  ex- 
ample, we  take  a  view  of  the  starry  heavens  on 
the  iirnt  of  October,  at  ten  o'clock  in  the  evening, 


and  again,  at  the  same  hour,  on  the  first  of  April, 
we  shall  find  that  the  clusters  of  stars  in  the  south- 
ern parts  of  the  heavens  are,  at  the  latter  period, 
altogether  different  from  those  which  appeared  in 
the  former;  and  those  which  are  in  the  neighbor- 
hood of  the  pole  will  appear  in  a  different  position 
in  April  from  what  they  did  at  the  same  hour  in 
the  month  of  October.  The  square  of  the  Great 
Bear,  for  example,will  appear  immediately  6cfojo  the 
pole-star  in  October;  whereas  in  April  it  will  ap- 
pear as  far  above  it,  and  near  to  the  zenith.  In  the 
former  case,  the  two  stars  called  the  Pointers  will 
point  upicard  to  the  pole,  in  the  latter  case  they 
will  point  downward.  In  October  this  constella- 
tion will  appear  nearly  in  the  position  represented 
in  fig.  1  (p.  13);  in  April  it  will  appear  nearly  as 
represented  in  fig.  3  (p.  13).  These  variations  in  the 
appearance  of  the  stars  lead  us  to  conclude  that 
there  is  an  apparent  annual  motion  in  these  lumi- 
naries. This  motion  may  be  observed,  if  we  take 
notice,  for  a  few  days  or  weeks,  of  those  stars 
which  are  situated  near  the  pafh  of  the  sun 
When  we  see  a  bright  star  near  the  western  hori- 
zon, a  little  elevated  above  the  place  where  the 
sun  went  down,  if  we  continue  our  observation 
we  shall  find  that  every  day  it  appears  less  elevated 
at  the  same  hour,  and  seems  to  be  gradually  ap- 
proaching to  the  point  of  the  heavens  in  which 
the  sun  is  situated,  until,  in  the  course  of  a  week 
or  two,  it  ceases  to  be  visible,  being  over[30wered 
by  the  superior  brightness  of  the  sun.  In  the 
course  of  a  month  or  two  the  same  star  which 
disappeared  in  the  west  will  be  seen  rising  some 
time  before  the  sun  in  the  east,  having  passed  from 
the  eastern  side  of  the  sun  to  a  distance  consider- 
ably westward  of  him.  The  stars  in  the  western 
quarter  of  the  heavens  which  appeared  more  ele- 
vated will  be  found  gradually  to  approximate  to 
the  sun,  until  they  likewise  disappear;  and  in  tliis 
manner  all  the  stars  of  heaven  seem  to  have  a 
revolution,  distinct  from  their  diurnal,  from  east 
to  west,  which  is  accomplished  in  the  course  of  a 
year. 

The  different  positions  of  the  Pleiades,  or  seven 
stars,  at  different  seasons  of  the  year,  will  afford 
every  observer  an  opportunity  of  perceiving  this 
motion.  About  the  middle  of  September  these 
stars  will  be  seen,  about  eight  o'clock  in  the  even- 
ing, a  little  to  the  south  of  the  north-east  point  of 
the  horizon;  about  the  middle  of  January,  at  the 
same  hour,  they  will  be  seen  on  the  meridian,  or 
due  south;  on  the  first  of  March  they  will  be  seen 
half-way  between  the  zenith  and  the  western  ho- 
rizon; about  the  middle  of  April  they  will  appear 
very  near  the  horizon;  soon  after  which  they  will 
be  overpowered  by  the  solar  rays,  and  will  remain 
invisible  for  nearly  two  months,  after  which  they 
will  re-appear  In  the  east,  early  in  the  morning, 
before  the  rising  sun. 

This  annual  motion  of  the  stars  evidently  indi- 
cates that  the  sun  has  an  apparent  motion  every 
day  from  icest  to  cast,  contrary  to  his  apparent  di 
urnal  motion,  which  is  from  east  to  west.  This 
apparent  motion  is  at  the  rate  of  nearly  a  de^re 
every  day,  a  space  nearly  equal  to  twice  the  sun  . 
apparent  diameter.  In  this  way  the  sun  appears 
to  describe  a  circle  around  the  whole  heavens, 
from  wesf  to  east,  in  the  course  of  a  year.  This 
apparent  motion  of  the  sun  is  caused  by  the  an- 
nual revolatlon  of  the  earth  around  the  sun  as  the 
center  of  its  motion,  which  completely  accounts 
for  all  the  apparent  movements  in  the  sun  and 
stars  to  which  we  have  now  adverted.  If  we  place 
a  candle  upon  a  table  in  the  midst  of  a  room,  and 
Walk  round  it  in  a  circle,  and,  as  we  pi^ceed, 
mark  the  diff  rent  parts  of  the  opposite  walls  with 
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which  l.he  candle  appears  coincident,  when  we 
have  completed  our  circle  the  candle  will  appear 
to  have  made  a  revolution  round  the  room.  If  the 
walls  be  conceived  to  represent  the  starry  heavens, 
and  the  candle  the  sun,  it  will  convey  a  rude  idea 
of  the  apparent  motion  of  the  sun,  and  the  dif- 
ferent clusters  of  stars  which  appear  at  dilFerent 
seasons  of  the  year  in  consequence  of  the  annual 
motion  of  the  earth.  But  this  subject  will  be 
more  particularly  explained  in  the  sequel. 

From  what  we  have  now  stated  in  relation  to 
the  apparent  motions  of  the  heavens,  we  are  ne- 
cessarily led  to  conceive  of  the  earth  as  a  body, 
placed,  as  it  were,  in  the  midst  of  infinite  space, 
and  surrounded  in  every  direction,  above,  below, 
ou  the  right  hand  and  on  the  left,  with  the  lumi- 
naries of  heaven,  which  display  their  radiance 
from  every  quarter  at  immeasurable  distances; 
and  that  its  annual  and  diurnal  motions  account 
for  all  the  movements  which  appear  in  the  celes- 
tial sphere.  Hence  it  is  a  necessary  conclusion, 
that  we  are  surrounded  at  all  times  with  a  host  of 
stars,  in  the  daij-time  as  well  as  in  the  night,  al- 
though they  are  then  imperceptible.  The  reason 
why  they  are  invisible  during  the  day  is  obviously 
that  their  fainter  light  is  overpowered  by  the  more 
vivid  splendor  of  the  sun  and  the  reflective  power 
of  the  atmosphere.  But  although  they  are  then 
imperceptible  to  the  unassisted  eye,  they  can  be 
distinctly  perceived,  not  only  in  the  mornings  and 
evenings,  but  even  at  noonday,  while  the  sun  is 
shining  bright,  by  means  of  telescopes  adapted  to 
an  equatorial  motion;  and  in  this  way  almost 
every  star  visible  to  the  naked  eye  at  night  can  be 
pointed  out,  even  amid  the  eiFulgence  of  day, 
when  it  is  within  the  boundary  of  our  hemisphere. 
When  the  stars  which  appear  in  our  sky  at  night 
have,  in  consequence  of  the  rotation  of  the  earth, 
passed  from  our  view,  in  about  twelve  hours  after- 
ward they  will  make  their  appearance  nearly  in 
the  same  manner  to  those  who  live  on  the  oppo- 
site side  of  the  globe;  and  when  they  have  cheer- 
ed the  inhabitants  of  those  places  with  their  radi- 
ance, they  will  again  return  to  adorn  our  nocturnal 
sky. 

On  the  whole,  the  starry  heavens  present,  even 
to  the  vulgar  eye,  a  scene  of  grandeur  and  magnifi- 
cence. We  know  not  the  particular  destination  of 
each  of  those  luminous  globes  which  emit  their 
radiance  to  us  from  afar,  or  the  specific  ends  it  is 
intended  to  subserve  in  the  station  which  it  occu- 
pies, though  we  cannot  doubt  that  all  of  them  an- 
swer purposes  in  the  Creator's  plan  worthy  of  his 
perfections  and  of  their  magnitude  and  grandeur; 
but  we  are  certain  that  they  have,  at  least,  a  re- 
mote relation  to  man,  as  well  as  to  other  beings 
far  removed  from  us,  in  the  decorations  they  throw 
around  his  earthly  mansion.  They  serve  as  a 
glorious  ceiling  to  his  habitation.  Like  so  many 
thousand  sparkling  lusters,  they  are  hung  up  in 
the  magnificent  canopy  which  covers  his  abode. 
He  perceives  them  shining  and  glittering  on  every 
hand,  and  the  dark  azure  which  surrounds  them 
contributes  to  augment  their  splendor.  The  va- 
riety of  luster  which  appears  in  every  star,  from 
those  of  the  sixth  magnitude  to  those  of  the  first, 
nd  the  multifarious  figures  of  the  different  con- 
stellations, present  a  scene  as  diversified  as  it  is 
brilliant.  What  are  all  the  decorations  of  a  Vaux- 
hall  Garden,  with  its  thousands  of  variegated 
lamps,  compared  with  ten  thousands  of  suns,  dif- 
fusing their  beams  over  our  habitation  from  re- 
gions of  space  immeasurably  distant?  A  mere 
gewgaw  in  comparison;  and  yet  there  are  thousands 
who  eagerly  flock  to  those  gaudy  shows  who  have 
uever  spent  an  hour  in  contemplating  the  glories 


of  the  firmament,  which  may  be  beheld  "  without 
money  and  without  price."  That  man  vvho  has 
never  looked  up  with  serious  attention  to  the  mo- 
tions and  arrangements  of  the  heavenly  orbs  must 
be  inspired  with  but  a  slender  degree  of  reverence 
for  the  Ahnighly  Creator,  and  devoid  of  taste  for 
enjoying  the  beautiful  and  the  sublime. 

The  stars  not  only  adorn  the  roof  of  our  sublu- 
nary mansion,  but  they  are  also,  in  many  respects, 
useful  to  man.  Their  influences  are  placid  and 
gentle.  Their  rays,  being  dispersed  through 
spaces  so  vast  and  immense,  are  entirely  destitute 
of  heat  by  the  time  they  arrive  at  our  abode;  so 
that  we  enjoy  the  view  of  a  more  numerous  aa- 
semblage  of  luminous  globes  without  any  danger 
of  their  destroying  the  coolness  of  the  night  or 
the  quiet  of  our  repose.  They  serve  to  guide  tha 
traveler  both  by  sea  and  land;  they  direct  tha 
navigator  in  tracing  his  course  from  one  conti 
nent  to  another  through  the  pathless  ocean 
They  serve  "  for  signs  and  for  seasons,  and  for 
days  and  years."  They  direct  the  labors  of  the 
husbandman,  and  determine  the  return  and  con- 
clusion of  the  season.  They  serve  as  a  magnifi- 
cent "  timepiece"  to  determine  the  true  length  of 
the  day  and  of  the  year,  and  to  mark  with  accu- 
racy all  their  subordinate  divisions.  They  assist 
us  in  our  commerce,  and  in  endeavoring  to  pro- 
pagate religion  among  the  nations,  by  showing  ua 
our  path  to  every  region  of  the  earth.  They 
have  enabled  us  to  measure  the  circumference  of 
the  globe,  to  ascertain  the  density  of  the  materials 
of  which  it  is  composed,  and  to  determine  the 
exact  position  of  all  places  upon  its  surface.  They 
cheer  the  long  nights  of  several  months  in  the 
polar  regions,  which  would  otherwise  be  over- 
spread with  impenetrable  darkness.  Above  all, 
they  open  a  prospect  into  the  regions  of  other 
worlds,  and  tend  to  amplify  our  views  of  that  Al- 
mighty Being  who  brought  them  into  existence 
by  his  power,  and  "  whose  kingdom  ruleth  over 
all."  In  these  arrangements  of  the  stars  in 
reference  to  our  globe,  the  Divine  wisdom  and 
goodness  may  be  clearly  perceived.  We  enjoy 
all  the  advantages  to  which  we  have  alluded  as 
much  as  if  the  stars  had  been  created  solely  for 
the  use  of  our  world,  while,  at  the  same  time, 
they  serve  to  diversify  the  nocturnal  sky  of  other 
planets,  and  to  dift'use  their  light  and  influence 
over  ten  thousands  of  other  worlds  with  which 
they  are  more  immediately  connected;  so  that,  in 
this  respect,  as  well  as  in  every  other,  the  Al- 
mighty produces  the  most  sublime  and  diversified 
effects  by  means  the  most  simple  and  economi- 
cal, and  renders  every  part  of  the  universe 
subservient  to  another,  and  to  the  good  of  the 
whole. 

Before  proceeding  further,  it  may  be  expedient 
to  explain  the  measures  by  which  astronomers 
estimate  the  apparent  distances  between  any  two 
points  of  the  heavens.  Every  circle  is  supj/osed 
to  be  divided  into  360  equal  parts.  A  circle  wliich 
surrounds  the  concavity  of  the  heavens,  as  that 
which  surrounds  an  artificial  globe,  is  divided  into 
the  same  number  of  parts.  The  number  360  is 
entirely  arbitrary,  and  any  other  number,  had 
mathematicians  chosen,  might  have  been  fixed 
upon:  and  hence  the  French,  in  their  measures 
of  the  circle,  divide  it  into  400  equal  parts  or  de- 
grees; each  degree  into  100  minutes,  and  each 
minute  into  lOl)  seconds.  The  reason  why  the 
number  360  appears  to  have  been  selected,  is,  that 
this  number  may  be  divided  into  halves,  quarters, 
and  eighths,  without  a  fraction;  and,  perhaps,  be- 
cause the  year  was,  in  former  times,  supposed  to 
contain  about  360  days.     Each  degree  is  divided 
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into  sixty  minutes,  each  minute  into  sixty  seconds, 
eacli  second  into  sixty  thirds,  &,c.  Degrees  are 
marked  thus,  °;  minute,';  seconds,";  tliirds, '". 
Thus  the  obliquity  of  the  ecliptic  for  January  1st, 
1636,  was  twenty-throe  degrees,  twenty-seven 
minutes,  forty- two  seconds,  which  are  thus  ex- 
pressed, 23°  27'  42". 

It  may  not  be  improper  to  remark,  that  when 
we  state  the  number  of  degrees  between  two 
objects,  either  on  the  earth  or  in  the  heavens,  it  is 
not  intended  to  express  the  real  distance,  but  only 
the  relative  or  apparent  distance  of  the  objects. 
Thus,  vsrhen  we  say  that  two  places  on  the 
earth,  which  lie  directly  north  and  south  of  each 
other,  are  twenty  degrees  distant,  it  does  not  con- 
vey an  idea  of  the  actual  distance  of  these  places 
from  each  other,  but  only  what  proportion  of  the 
earth's  circumference  intervenes  between  them. 
If,  however,  we  know  the  number  of  yards  or 
miles  contained  in  that  circumference,  or  in  a 
single  degree  of  it,  we  can  then  find  the  actual 
distance,  by  multiplying  the  laumber  of  degrees 
by  the  number  of  miles  in  a  degree.  But  this 
supposes  that  the  extent  of  a  degree  on  the  earth's 
surface  has  been  measured,  and  the  number  of 
yards  or  miles  it  contains  ascertained.  In  like 
manner,  when  we  say  that  two  stars  in  the  hea- 
vens are  fifteen  degrees  from  each  other,  this 
merely  expresses  their  relative  position,  or  what 
portion  of  a  great  circle  of  the  celestial  sphere 
intervenes  between  them,  but  determines  nothing 
as  to  their  real  distance,  which  is  far  surpassing 
our  comprehension.  The  real  magnitude  of  ob- 
jects or  spaces  in  the  heavens  depends  upon  their 
distance.  Thus,  the  apparent  breadth  or  diameter 
of  the  moon  is  about  half  a  degree,  or  nearly 
thirty-two  minutes,  and  that  of  the  sun  nearly 
tlie  same;  but  as  the  moon  is  much  nearer  to  us 
than  the  sun,  a  minute  of  a  degree  on  her  surface 
is  equal  only  to  about  seventy  miles,  while  a 
minute  on  the  sun's  surface  is  equal  to  more  than 
28,000  miles,  which  is  four  hundred  times  greater. 
The  greatest  apparent  diameter  of  Saturn  is 
twenty  seconds,  or  one-third  of  a  minute;  the 
greatest  diameter  of  Venus  is  fifty-eight  seconds, 
or  nearly  a  minute;  but  as  Saturn  is  much  farther 
from  us  than  Venus,  his  real  diameter  is  79,000 
miles,  while  that  of  Venus  is  only  7,700.    Before 


the  real  diameter  of  any  object  in  the  heavens  can 
be  determined,  its  distance  must  be  first  ascer- 
tained. 

Those  who  have  never  been  in  the  practice  of 
applying  angular  instruments  to  the  heavens  may 
acquire  a  tolerably  correct  idea  of  the  extent  of 
space  which  is  expressed  by  any  number  of  de- 
grees by  considering  that  the  apparent  diameters 
of  the  sun  and  moon  are  about  half  a  degree; 
that  the  distance  between  the  two  pointers  in  the 
Great  Bear  is  about  five  degrees;  that  the  distance 
between  the  pole-star  and  the  nearest  pointer  is 
twenty-nine  degrees  ;  that  the  distance  between 
the  Pleiades  and  the  ruddy  star  Aldebaran,  which 
lies  to  the  eastward  of  these  stars,  is  fourteen  de- 
grees; that  the  distance  between  Castor  and  Pol- 
lux is  five  degrees;  and  the  distance  between  Bel- 
latrix  and  Betelguese,  the  stars  in  the  right  and 
left  shoulder  of  Orion,  is  eight  degrees.  Perhaps 
the  most  definite  measure  for  a  common  observer 
is  that  which  is  to  be  found  in  the  three  stars  in  a 
straight  line  which  form  the  belt  of  Orion,  which 
are  known  to  every  one,  and  which  are  distin- 
guished in  England  by  the  name  of  the  Three 
Kings,  or  the  Ell  and  Yard,  and  in  Scotland  by 
"  The  Lady's  Ehoand."  The  line  which  unites 
these  three  stars  measures  exactly  three  degrees, 
and,  consequently,  there  is  just  one  and  a  half 
degree  between  the  central  star  and  the  one  on 
each  side  of  it.  By  applying  this  rule  or  yard  to 
any  of  the  spaces  of  the  firmament,  the  number 
of  degrees  which  intervenes  between  any  two  ob- 
jects may  be  nearly  ascertained.  Orion  is  the 
most  striking  and  splendid  of  all  the  constellations; 
and  as  the  equator  runs  through  the  middle  of  it, 
it  is  visible  from  all  the  habitable  parts  of  the 
globe.  About  the  middle  of  January  it  is  nearly 
due  south  at  nine  o'clock  in  the  evening. 

I  have  been  somewhat  particular  in  the  above 
sketches  of  the  apparent  motions  and  phenomena 
of  the  heavens,  because  such  descriptions  are  sel- 
dom or  never  given  in  elementary  treatises;  be- 
cause I  wish  every  lover  of  the  science  of  astro- 
nomy to  contemplate  with  his  own  eyes  tho' 
scenery  of  the  sky;  and  because  such  views  and 
observations  of  the  general  aspect  of  the  heavene 
are  necessary  in  order  to  understand  the  true  sys- 
tem of  the  universe. 


CHAPTERII. 

ON  THE   GENERAL  ARRANGEMENT  OF  THE   PLANETARY  SYSTEM. 


When  we  take  an  attentive  view  of  the  noc- 
turnal heavens  at  different  periods,  we  find  that 
the  stars  never  shift  their  positions  with  respect  to 
each  other.  The  stars,  for  instance,  that  form  the 
constellation  of  Orion,  preserve  the  same  relative 
positions  to  each  other  every  succeeding  day,  and 
month,  and  year.  They  exhibit  the  same  general 
figure  which  they  presented  in  the  days  of  our 
fathers,  and  even  in  the  times  of  Amos  and  of 
Job.  We  never  see  the  three  stars  in  the  belt, 
which  Job  calls  "  the  bands  of  Orion,"  move 
nearer  to,  or  farther  from,  each  other  We  never 
see  the  pointers  in  the  Great  Bear  directed  on  any 
Other  line  than  toward  the  pole-star,  nor  do  we 
eeo  Aldebaran  to  the  north  or  south,  or  to  the 
west,  of  the  seven  stars;  and  tho  same  may  be 


said,  with  two  or  three  exceptions,  in  regard  to 
all  the  stars  in  the  heavens,  which  preserve  inva- 
riably the  same  general  relations  to  each  other 
from  one  year  and  century  to  another.  Hence 
they  have  been  denominated  fixed  stars.  But 
when  an  attentive  observer  surveys  the  heavens 
with  minuteness,  he  will  occasionally  perceive 
some  bodies  that  shift  their  positions.  When  the 
movements  of  these  bodies  are  carefully  marked, 
they  will  be  found  to  direct  their  course  some- 
times to  the  east,  at  other  times  to  the  west,  and 
at  certain  times  to  remoin  in  a  fixed  position;  bul 
on  the  whole,  their  motion  is  generally  from  wes* 
to  east.     Their  motion  is  perceived  by  their  ap- 

f  earing  sometimes  on  one  side  of  a  star  and  some- 
imes  on  another.     They   appear  to  partake  of 
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the  general  diurnal  motion  of  the  heavens,  and 
rise  and  set  with  the  stars  to  which  they  are  adja- 
cent. These  bodies  have  received  the  name  of 
planets,  that  is,  wandering  stars;  and,  indeed, 
were  their  real  motions  such  as  they  appear  to  a 
common  observer,  the  name  would  be  exceedingly 
appropriate.  For  theii*  apparent  motions  are,  in 
many  instances,  exceedingly  irregular;  and,  were 
they  delineated  on  paper,  or  attempted  to  be  ex- 
hibited by  machinery,  they  would  appear  an 
almost  inextricable  maze.  Ten  bodies  of  this  de- 
scription have  been  discovered  in  the  heavens, 
five  of  which  are  invisible  to  the  naked  eye,  and 
can  only  be  perceived  by  means  of  telescopes. 
They  were,  of  course,  unknown  to  the  ancients. 
The  names  of  the  five  which  have  been  known  in 
all  ages  are,  Mercury,  Venus,  Mars,  Jupiter,  and 
Saturn.  The  names  of  the  other  five,  which 
have  been  discovered  within  the  last  sixty  years, 
are,  Vesta,  Juno,  Ceres,  Pallas,  and  Uranus,  or 
Herschel. 

It  was  long  before  the  true  magnitudes  and  real 
motions  of  these  globes  were  fully  ascertained. — 
Most  of  the  ancient  astronomers  supposed  that 
the  earth  was  a  quiescent  body  in  the  center  of 
the  universe,  and  that  the  planets  revolved  around 
it  in  so  many  different  heavens,  which  were  near- 
ly concentric,  and  raised  one  above  another  in  a 
certain  order.  The  first  or  lowest  sphere  was  the 
Moon,  then  Mercury,  and,  next  in  order,  Venus, 
the  Sun,  Mars,  Jupiter,  Saturn,  and  then  the 
sphere  of  the  fixed  stars.  They  found  it  no  easy 
matter  to  reconcile  the  daily  motion,  which  car- 
ries the  stars  from  east  to  west,  with  another  pe- 
culiar and  slow  motion,  which  carries  them  round 
the  poles  of  tiie  ecliptic,  and  from  west  to  east,  in 
tlie  period  of  25,000  years;  and,  at  the  same  time, 
with  a  third  motion,  which  carries  them  along 
from  east  to  west  in  a  year,  around  the  poles  of 
the  ecliptic.  They  were  no  less  at  a  loss  how  to 
reconcile  the  annual  and  daily  motions  of  the 
sun,  which  are  directly  contrary  to  each  other. — 
An  additional  difficulty  was  found  in  the  particu- 
lar course  pursued  by  each  individual  planet.  It 
required  no  little  ingenuity  to  invent  celestial  ma- 
chinery to  account  for  all  the  variety  of  motions 
which  appeared  among  the  lieavenly  orbs.  After 
the  first  mobiles,  or  powers  of  motion,  they  placed 
some  very  large  heavens  of  solid  crystal,  which, 
by  rolling  one  over  another,  and  by  a  mutual  and 
violent  clashing,  communicated  to  each  other  the 
universal  motion  received  from  the  primum  mobile, 
or  first  mover;  while,  by  a  contrary  motion,  they 
resisted  this  general  impression,  and,  by  degrees, 
carried  away,  each  after  its  own  manner,  the  pla- 
net for  the  service  of  wliich  it  was  designed. — 
These  heavens  were  conceived  to  be  solid;  other- 
wise the  upper  ones  could  have  had  no  influence 
on  the  lower  to  make  them  perform  their  daily 
motion,  and  they  behooved  to  be  of  the _^ncsi  crys- 
tal, because  the  light  of  the  stars  could  not  other- 
wise penetrate  the  thickness  of  these  arches  applied 
one  over  another,  nor  reach  our  eyes.  Above  the 
sphere  of  the  fixed  stars  were  placed  the  first  and 
second  crystalline  heavens,  and  above  these  the 
primum  mobile,  which  carried  round  all  the  sub- 
ordinate spheres.  They  imagined  that  the  pri- 
mum mobile  was  circumscribed  by  the  empyreal 
heaven,  of  a  cubic  form,  which  they  supposed  to 
bo  the  blessed  abode  of  departed  souls.  Some  as- 
tronomers were  contented  with  seven  or  eight 
different  spheres,  while  others  imagined  no  less 
than  seventy  of  them  wrapped  up  one  within  an- 
other, and  all  in  separate  motions.  They  no  sooner 
discovered  some  new  motion  or  effect,  formerly 
unknown,  than  they  immediately  set  to  work  and 


I  patched  up  a  new  sphere,  giving  it  such  motions 
I  and  directions  as  were  deemed  requisite.     Cycles, 
I  epicycles,  deferents,  centric  and  eccentric  circles, 
solid  spheres,  and  other  celestial  machinery,  were 
,  all  employed  to  solve  the  intricate  motions  of  the 
I  heavens,  which  seemed  to  baffle  all  the  elForts  of 
human  ingenuity.     After  their  system  was  sup- 
posed to   be  completed,  new  anomalies  were  de- 
tected, which  required  new  pieces  of  machinery 
to  be  applied  to  solve  appearances.     But  after  all 
the  ingenuity  displayed  in  their  patchings  and  re- 
patchings,  the  celestial  spheres  could  never  be  got 
to  move  onward  in  harmony,  and  in  accordance 
with  the  phenomena  of  the  heavens.* 

It  would  be  no  easy  task  to  describe  how  their 
epicycles  could  be  made  to  move  through  the 
thick  crust's  of  crystal  of  which  their  spheres 
were  made.  They,  howevtr,  found  some  means 
or  other  to  extricate  themselves  from  every  ditfi- 
culty,  as  they  always  hud  recourse  to  geometrical 
lines,  which  never  found  any  obstacle  to  their 
passage  on  paper.  To  make  all  the  pieces  of 
their  machinery  move  with  as  much  smoothness 
and  as  little  inconsistency  as  possible,  they  were 
forced  to  delineate  certain  furrows,  or  to  notch  on 
the  arches  certain  grooves,  in  which  they  jointed 
and  made  the  tenons  and  mortises  of  their  epicy- 
cles to  slide.  All  this  celestial  joiner's  work,  to 
wliich  succeeding  astronomers  added  several  pieces 
to  produce  balancings,  or  perpetual  goings  back- 
ward and  forward,  had  no  other  tendency  than  to 
conceal  the  sublime  and  beautiful  simplicity  of 
nature,  and  to  prevent  mankind,  for  many  ages, 
from  recognizing  the  true  system  of  the  world. — 
With  all  their  cumbrous  and  complicated  ma- 
chinery, they  never  could  account  for  the  motions 
and  other  phenomena  of  Mercury  and  Venus,  and 
the  different  apparent  magnitudes  vt^hich  llie  pla- 
nets present  in  different  parts  of  their  orbits. — 
Without  admitting  the  motion  of  the  earth,  il 
would  surpass  the  wisdom  of  an  angel,  on  any  ra- 
tional principles,  to  solve  the  phenomena  of  the 
heavens.  This  is  tiie  system  which  has  been  de- 
nominated the  Ptolemaic,  from  Ptolemy,  an  astro- 
nomer of  Egypt,  who  first  gave  a  particular 
explanation  of  its  details;  but  it  is  understood  to 
have  been  received  by  the  ancient  Greek  philoso- 
phers except  the  Pythagoreans.  It  was  supported 
by  Aristotle,  who  wrote  against  the  motion  of  the 
earth;  and  as  the  authority  of  this  philosopher 
was  thought  sufficient  to  establish  the  opinion  of 
the  earth  being  a  quiescent  body,  it  was  generally 
received  by  the  learned  in  Europe  until  the  six- 
teenth century,  or  a  little  after  the  period  of  the 
Reformation.  This  is  the  system  to  which  almost 
all  our  theological  writers,  even  of  the  seventeenth 
century,  uniformly  refer,  when  alluding  to  the 
heavenly  bodies  and  to  the  general  frame  of  i\\e 
world;  and,  in  consequence  of  admitting  so  ab- 
surd and  untenable  a  theory,  their  reflections  and 
remarks  in  reference  to  the  objects  of  the  visible 
world,  and  many  of  their  comments  on  Scripture, 
are  frequently  injudicious  and  puerile,  and,  in- 
many  instances,  worse  than  useless.  That  such 
a  clumsy  and  bungUng  system  was  so  long  in 
vogue,  is  a  disgrace  to  the  ages  in  which  it  pre- 
vailed, and  shows  that  even  the  learned  were 
more  prone  to  frame  hypotheses  and  to  submit  to 
the  authority  of  Aristotle,  than  to  follow  the  path 
of  observation,  and  to  contemplate  with  their  own 
eyes  the  phenomena  of  the  universe.  To  suppose 
that  the  Architect  of  nature  was  the  author  of 
such  a  complex  and  clumsy  piece  of  machinery, 
was  little  short  of  a  libel  on  his  perfections,  and  a 

•  See  La  Pluche's  "  Spectacle  Dc  la  JVaturo." 
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virtual  denial  of  his  infinite  wisdom  and  intelli- 
gence 

"  Oh  how  unlike  the  complex  works  of  man, 
Heaven's  easy,  artless,  unencumber'd  plan!" 

From  this  brief  sketch  of  the  Ptolemaic  system, 
we  may  learn  into  how  many  absurdities  we  in- 
volve ourselves  by  the  denial  of  a  single  important 
fact  and  the  admission  of  a  single  false  principle; 
and  the  importance  of  substantiating  every  fact 
and  proving  every  principle  in  all  our  investigations 
of  the  system  of  nature  and  the  order  of  the  uni- 
verse. 

The  first  among  the  moderns  who  liad  the  bold- 
ness to  assail  the  ancient  system  which  had  so 
long  prevailed,  was  the  famous  Nicolaus  Coperni- 
cus, who  was  born  at  Thorn,  in  Polish  Prussia,  in 
14712,  and  died  at  Worms,  where  he  had  been 
made  a  canon  of  the  church  by  his  mother's  bro- 
ther, who  was  bishop  of  that  place.  His  attention 
was  early  directed  to  the  sciences  of  mathematics 
and  astronomy.  Having  traveled  into  Italy  for 
the  purpose  of  enlarging  his  knowledge  on  such 
subjects,  he  remained  some  time  at  Bologna  with 
Dominicus  Maria,  an  eminent  professor  of  astro- 
nomy, and  afterward  went  to  Rome,  where  he 
soon  acquired  so  great  a  reputation  that  he  was 
chosen  professor  of  mathematics,  which  he  taught 
for  a  long  time  with  great  applause.  At  tlie  same 
time  he  was  unwearied  in  making  celestial  obser- 
vations. Returning  to  his  own  country,  he  began 
to  apply  his  vast  knowledge  in  mathematics  to 
correct  the  system  of  astronomy  which  then  pre- 
vailed. Having  applied  himself  with  assiduity  to 
the  study  of  the  heavens,  he  soon  perceived  that 
the  hypothesis  of  the  ancient  astronomers  was 
conformable  neither  to  harmony,  uniformity,  nor 
reason.  With  a  bold  independent  spirit,  and  a 
daring  hand,  he  dashed  the  crystalline  spheres  of 
Ptolemy  to  pieces,  swept  away  his  cycles,  epicy- 
cles, and  deferents,  stopped  the  rapid  whirl  of  the 
primum  mobile,  fixed  the  sun  in  the  center  of  the 
planetary  orbs,  removed  the  earth  from  its  quies- 
cent state,  and  set  it  in  motion  through  the  ethereal 
void  along  with  the  other  planets,  and  thus  intro- 
duced simplicity  and  harmony  into  the  system  of 
the  universe.  But  such  a  bold  attack  on  ancient 
systems,  wliich  had  been  so  long  venerated,  could 
not  be  made  without  danger.  Even  the  learned 
set  themselves  in  opposition  to  such  bold  innova- 
tions in  philosophy;  the  vulgar  considered  such 
doctrines  as  chimeras,  contrary  to  the  evidence  of 
the  senses,  and  allied  to  the  ravings  of  a  maniac; 
and  the  church  thundered  its  anathemas  against  all 
such  opinions  as  most  dangerous  heresies.  When 
only  about  thirty-five  years  of  age,  Copernicus 
wrote  his  book  "  On  the  Revolution  of  the  Celes- 
tial Orbs;"  but,  fearing  the  obloquy  and  persecu- 
tion to  which  his  opinions  might  expose  him,  he 
withheld  its  publication,  and  communicated  his 
views  only  to  a  few  friends.  For  more  than  thir- 
ty years  he  postponed  the  publishing  of  this  cele- 
brated work,  in  which  his  system  is  demonstrated; 
and  it  was  with  the  utmost  difiiculty,  even  in  the 
latter  part  of  his  life,  that  he  could  be  prevailed 
upon  to  usher  it  into  the  world.  Overcome,  at 
length,  by  the  importunity  of  his  friends,  he  put 
the  work  in  order,  and  dedicated  it  to  Pope  Paul 
III;  in  which  dedication,  not  to  shock  received 
prejudices,  he  presented  his  system  under  the  form  j 
of  a  hj'pothesis.  "Astronomers,"  said  he  "  be- i 
ing  permitted  to  imagine  circles  to  explain  the  I 
motion  of  the  stars,  I  thought  myself  equally  j 
entitled  to  examine  if  the  supposition  of  the 
motion  of  the  earth  would  render  the  theory  | 
of  these  appearances  more  exact  and  simple." — 1 


The  work  was  printed  at  Nuremberg  at  the  ex- 
pense of  his  friends,  who  wrote  a  preface  to  it,  in 
order  to  palliate  as  much  as  possible,  so  extraordi- 
nary an  innovation.  But  its  immortal  author  dia 
not  live  to  behold  the  success  of  his  work.  He 
was  attacked  by  a  bloody  flux,  which  was  suc- 
ceeded by  a  palsy  in  his  left  side;  and  only  a  few 
hours  before  he  breathed  his  last  he  received  a 
copy  of  his  work,  which  had  been  sent  to  him  by 
one  of  his  scientific  friends.  But  he  had  then 
other  cases  upon  his  mind,  and  composedly  re- 
signed his  soul  to  God  on  the  2."3d  of  May,  1543, 
in  the  seventy-first  year  of  his  age.  His  remains 
were  deposited  in  the  cathedral  of  Frauenberg; 
and  spheres  cut  in  relief  on  bis  tomb  were  the 
only  epitaph  that  recorded  his  labors.  Not  many 
years  ago  his  bones  were  wantonly  carried  oft"  to 
gratify  the  impious  curiosity  of  two  Polish  tra- 
velers.* 

The  system  broached  by  Copernicus,  notwith- 
standing much  opposition,  soon  made  its  way 
among  the  learned  in  Europe.  It  was  afterward 
powerfully  supported  by  the  observations  and 
reasonings  of  Galileo,  Kepler,  Halley,  Nt-wton, 
La  Place,  and  other  celebrated  philosophers,  and 
now  rests  on  a  foundation  firm  and  immutable  as 
the  laws  of  the  universe.  The  introduction  of 
this  system  may  be  considered  an  era  as  import- 
ant in  philosophy  as  that  of  the  Reformation  v/aa 
in  politics  and  religion.  It  had  even  a  bearing 
upon  the  progress  of  religion  itself,  and  upon  the 
views  we  ought  to  take  of  the  character  and  oper- 
ations of  the  Creator.  It  paved  the  way  for  a 
rational  contemplation  of  his  works,  and  for  all 
those  brilliant  discoveries  in  the  celestial  regions 
which  have  expanded  our  views  of  his  adorable 
perfections,  and  of  the  boundless  extent  of  his 
universal  empire.  It  was  promulgated  nearly  at 
the  same  period  when  the  superstitions  of  the  dark 
ages  were  beginning  to  be  eissipated;  when  the 
power  of  the  Romish  church  had  lost  its  ascen- 
dency; when  the  art  of  printing  had  begun  to 
:  illuminate  the  world;  when  the  mariner's  com- 
[pass  was  applied  to  the  art  of  navigation;  when 
the  western  continent  was  discovered  by  Colum- 
bus; and  when  knowledge  was  beginning  to  dif- 
fuse its  benign  influence  over  the  nations;  and, 
therefore,  it  may  be  considered  as  connected  with 
that  series  of  events  which  are  destined,  in  the 
moral  Government  of  God,  to  enlighten  and  ren- 
ovate the  world. 

I  shall  now  proceed  to  consider  the  arrange- 
ment of  the  planetary  or  Copernican  system,  and 
some  of  tlie  arguments  by  whieh  it  is  supported. 

In  this  system  the  sun  is  considered  as  placed 
near  the  center.  Around  this  central  luminary 
the  planets  perform  their  revolutions  in  the  fol- 
lowing order: — First,  the  planet  Mercury,  at  the 
distance  from  the  sun's  center  of  about  37  mil- 
lions of  miles.  Next  to  Mercury  is  ^"enus,  dis- 
tinguished by  the  name  of  the  morning  and  even- 
ing star,  at  the  distance  of  31  millions  of  miles 
from  the  orbit  of  Mercury,  and  68  millions  from 
the  sun.  The  Earth  is  considered  as  the  planet 
next  in  order,  which  levolves  at  the  distance  of 
95  millions  of  miles  from  the  sun,  and  27  millions 
from  the  orbit  of  Venus.  Farther  from  the.  sun 
than  the  Earth  is  tlie  planet  Mars,  which  is  145 
millions  of  miles  from  the  sun,  and  50  millions 
beyond  the  orbit  of  the  Earth.  Next  to  the  orbit 
of  Mars  are   four  small  planetary  bodies,  some- 


*  A  facsimile  of  one  of  the  letters  of  Copernicus  may  be 
seen  in  No.  IX  of  tlie  "  Eilinburgh  Philosophical  Journal," 
for  July,  1821;  and  an  engraving  of  the  house  in  which  he 
lived  in  No.  XIII  of  the  same  Journal  for  July,  1822. 
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times  named  Asteroids,  wliich  were  discovered  at 
different  times  about  the  beginning  of  tiie  jiresent 
century.  Tliey  are  named  Vesta,  Juno,  Ceres, 
and  Pallas.  Of  these,  the  first  iu  order  from  the 
sun  is  Vesta,  at  the  distance  of  2"~;5  millions  of 
miles;  the  next,  Juno,  at  the  distance  of  25.3  mil- 
lions. Ceres,  at  260  millions;  and  Pallas,  at  2G6 
millions  of  miles.  The  planet  Jupiter  is  the  next 
in  order,  and  performs  its  revolution  in  an  orbit 
495  millions  of  miles  from  the  sun,  and  400  from 
the  orbit  of  the  earth.  Saturn  is  nearly  double 
the  distance  of  Jupiter  fiom  the  sun,  being  dis- 
tant from  that  orb  above  900  millions  of  miles. 
The  most  di^tant  planet  in  the  system  which  has 
yet  been  discovered  is  Uranus,  or  Herschel,  wliich 
is  removed  from  the  sun  at  more  than  double  the 
distance  of  Saturn;  namely,  above  1800  millions 
of  miles.  The  orbit  of  this  planet  includes  the 
orbits  of  the  whole  of  the  bodies  of  the  solar  sys- 
tem that  have  hitherto  been  discovered,  and  is 
eleven  thousand  three  hundred  millions  of  miles 
in  circumference,  and  three  thousand  six  iiundred 
millions  in  diameter.  To  move  round  this  cir- 
cumference at  the  rate  of  thirty  miles  every  hour 
would  require  above  forty-two  thousand  nine  hun- 
dred years.  Such  is  the  order,  and  such  are  the 
ample  dimensions  of  that  system  of  wliich  we 
form  a  part;  and  yet  it  is  but  a  mere  speck  in  the 
map  of  the  universe.  The  following  diagram 
exhibits  the  order  of  the  planets  in  the  solar 
system. 

Fig.  5. 


In  the  foregoing  figure  the  small  central  star 
represents  the  sun,  and  the  circles  represent  the 
orbits  of  Mercury,  Venus,  the  Earth,  Mars,  Vesta, 
Juno,  Ceres,  Pallas,  Jupiter,  Saturn,  and  Uranus, 
in  the  order  here  enumerated.  The  orbits  of  the 
new  planets,  Vesta,  Juno,  Ceres,  and  Pallas,  are 
represented  as  crossing  each  other,  as  they  do  in 
nature;  and  the  portion  of  a  long  ellipse  v.dnch 
crosses  the  orbits  of  all  the  piimets  represents  the 
orbit  of  a  comet.  The  proporlional  dislances  and 
magnitudes  of  the  planets  are  represented  in  a 
subsequent  chapter. 

I  shall  now  proceed  to  ofier  n  few  arguments  or ' 
demonstrations  of  the  truth  of  the  solar  system, 
as  first  jrroposod  by  Copernicus,  anJ  :-.o«-  rcoth'ec 
by  all  astronomers.     I  shall  first  state  those  which 
may  be  called  presumptive  urtruments,  or  which  [ 
amount  to  a  high  degree  of  probability,  and  then  i 


briefly  illustrate  those  which  I  consider  as  demon- 
strative. Having  already  endeavored  to  prove  the 
diurnal  rotation  of  the  earth,  I  shall  consider  that 
point  as  settled,  and  confine  myself,  at  present,  to 
the  consideration  of  the  eartli's  annual  revolution, 
and  the  phenomena  of  the  planets  whicli  result 
from  this  motion. 

The  presumptive  arguments  that  the  earth  is  a 
planetary  body,  and  revolves  round  the  sun  in  con-" 
cert  with  other  planets,  are,  1.  It  is  most  simple  and 
agreeable  to  the  general  arrangements  nj  the  Creator 
that  such  an  order  as  vv'e  have  nov/  slated  should 
exist  in  the  jilanetary  system.  For,  by  the  mo- 
tion of  the  earth,  all  the  phenomena  of  the  hea- 
vens are  resolved  and  completely  accounted  for, 
which  they  cannot  be  on  any  other  system,  with- 
out the  supposition  of  clumsy  and  complex  ma- 
chinery anu  motions  altogether  repugnant  to  rea- 
son and  to  what  we  know  of  the  other  operations 
of  the  all-wise  Creator.  Beside,  it  is  contrary  to 
the  first  rule  laid  down'  in  philosophy, — "  Tliat 
more  causes  of  natural  things  are  not  to  be  ad- 
mitted than  are  both  true  and  sufficient  to  explain 
the  phenomena."  But  the  Ptolemaic,  or  vulgar 
system  of  the  world,  assumes  the  existence  of 
facts  which  can  never  be  established,  and  intro- 
duces cumbrous  and  complicated  motions  which 
are  quite  unnecessary  for  explaining  the  phenom- 
ena. 2.  Because  it  is  more  rational  to  suppose  that 
the  earth  moves  about  the  sun,  than  ihut  the  huge 
masses  of  th'i  planets,  some  of  which  are  a  thou- 
sand times  larger  than  our  globe — or  that  the  stu- 
pendous body  of  the  sun,  which  is  thirteen  hun- 
dred thousand  times  greater — should  pt'rform  a 
revolution  around  so  comparatively  small  a  globe 
as  the  earth.  To  suppose  the  contrary,  would 
be  repugnant  to  aU  the  laws  of  motion  that 
are  known  to  exist  in  the  universe.  We  might 
as  well  expect  that  a  sling,  whicli  contains  a 
millstone  in  it,  may  be  fiistened  to  a  pebble, 
and  continue  its  motion  about  that  pebble 
without  removing  it,  as  that  the  sua  can  le- 
Folve  about  the  earth  while  the  earth  continues 
immovable  in  the  center  of  that  motion. 

3.  It  was  a  law  discovered  by  Kepler,  by 
which  all  the  planets,  both  primary  and  secon- 
dary, are  regulated,  "  That  the  squares  of  the 
periodic  times  of  the  planets'  revolutions  are 
as  the  cubes  of  their  distances;''*  but,  if  the 
sun  move  around  the  earth,  that  law,  which 
is  established  on  tho  most  accurate  observa- 
tions, is  completely  destroyed,  and  the  general 
order  and  symmetry  of  the  system  of  nature 
are  infringed  upon  and  interrupted.  For,  ac- 
cording to  that  law,  the  sun  nould  be  so  far 
from  revolving  about  the  earth  in  b65  days, 
that  it  would  require  no  less  than  589  years  to 
accomplish  one  revolution,  as  will  an[)ear  from 
the  following  calculation:  Trie  moon  revolves 
round  the  earth  in  twenty-seven  duys  eight  hours, 
at  the  distance  of  240,000  miles;  the  sun  is  placeu 
at  the  distance  of  95,000,000  miles.  The  period 
of  the  revolution  of  any  body  revolving  at  that 
distance  will  be  found,  according  (o  tlie  law  now 
stated,  by  (he  following  proportion:  As  the  cube 
of  the  moon's  distance  :  is  to  the  cube  of  the  sun'a 
distance  :  :  so  is  the  square  of  the  moon's  jveriod  : 
to  the  square  of  the  period  of  any  body  moving 
about  the  earth  at  the  distance  of  the  sun.  Now, 
the  cube  of  the  moon's  distance,  240,000,  is  13,- 

*  For  exnmple;  if'one  planet  were  tbar  times  as  distant  as 
another,  it  would  revolve  in  ;i  ))eriod  ei^'ht  times  as  long; 
for  tiie  cube  of  4=C4  is  equal  to  the  S(in;ire  ot"  8.  I'liiis 
Mars  is  about  four  times  as  remote  from  the  sun  ;is  Mercury, 
End  L'ranns  four  times  as  remote  as  Jupiter,  and  their  periods 
oCrevoiUlion  correvpom!  to  this  proportion  of  tlieir  distances. 
Tills  argument,  when  properly  understood,  is  demonstrative. 
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824,000,000,000,000;  the  cube  of  the  sun's  dis- 
tance, 95,000,000,  is  857,375,000,000,000,000,000,- 
000.  The  square  of  the  moon's  periodical  time, 
twenty-seven  days  eight  hours,  is  747,  which, 
multiphed  by  the  cube  of  the  sun's  distance,  and 
divided  by  tlie  cube  of  the  moon's  distance,  is 
46,329,508,463,  the  square  root  of  which  is  215,242 
days,  or  589  years  and  257  days.  This  calculation 
Is  of  itself  sufficient  to  determine  the  point  in 
question,  for  there  is  no  exception  known  to  the 
law  we  have  stated.  Beside,  did  the  sun  observe 
this  universal  law,  and  yet  revolve  in  365  days,  his 
distance  ought  to  be  only  about  1,351,000  miles, 
whereas  it  can  be  shown  that  it  is  about  95,000,- 
000.  For,  as  the  square  of  the  moon's  period, 
747  :  is  to  the  square  of  the  sun's,  365x365=; 
133,225  :  :  so  is  the  cube  of  the  moon's  distance 
from  the  earth  13,824,000,000,000,000  :  to  2,465,- 
465,050,240,963,855,  the  cube  root  of  which  is 
1,351,295,  or  one  million,  three  hundred  and  fifty- 
one  thousand,  two  hundred  and  ninety-five  miles, 
which  should  be  the  sun's  distance  if  he  revolved 
about  the  earth  in  accordance  with  this  universal 
law,  which  governs  every  moving  body,  both  pri- 
mary and  secondary.* 

4.  It  appears  most  reasonable  to  conclude  that 
the  sun  is  placed  near  the  center  of  the  plan- 
etary system,  as  it  is  the  fountain  of  light  and 
heal  for  cheering  and  irradiating  all  the  worlds 
within  the  sphere  of  its  influence;  and  it  is  from 
the  center  alone  that  these  emanations  can  be  dis- 
tributed in  uniform  and  equable  proportions  to  all 
tlie  planets.  If  the  earth  were  in  the  center,  with 
the  sun  and  planets  revolving  around  it,  the  plan- 
etary worlds  would  be,  at  different  times,  at  very 
different  distances  from  the  sun;  and,  when  near- 
est to  him,  would  be  scorched  with  excessive  heat, 
and  at  their  greatest  distance  would  be  frozen  with 
excessive  cold;  and  as  some  of  the  planets  would, 
on  this  supposition,  be  sometimes  five  times  the 
distance  from  the  source  of  light  and  heat  which 
tliey  are  at  other  times,  it  would  produce  the  same 
effect  as  if  the  earth  were  occasionally  to  be  car- 
ried beyond  the  orbit  of  Jupiter,  four  hundred  and 
seventy  millions  of  miles  from  its  present  posi- 
tion. But  if  the  sun  be  considered  as  placed  in 
the  center  of  the  system,  we  have  then  presented 
to  our  view  a  system  of  universal  harmony  and 
order:  the  planets  all  revolving  around  the  great 
central  orb  by  tlie  universal  law  or  power  of  grav- 
itation, and  everything  corresponding  to  the  laws 
of  circular  motion  and  central  forces;  otherwise 
we  are  left  entirely  in  the  dark  as  to  the  operations 
of  nature  and  the  system  of  the  universe. 

There  is  no  more  difficulty  in  conceiving  the 
earth  to  move  than  that  it  should  remain  quiescent 
in  the  same  place.  For  if  the  earth  remain  at 
rest  n  the  center  of  the  system,  it  is  supported 
upon  nothing,  in  the  midst  of  infinite  space,  by 
tht;  power  of  Omnipotence:  and  we  have  as  little 
conception  how  a  ponderous  globe  of  the  size  of 
the  earth  should  remain  suspended  upon  nothing, 
as  that  it  should  move  through  the  voids  of  space 
with  a  velocit\'  of  sixty-eight  thousand  miles  an 
hour.  The  Power  that  is  able  to  suspend  it  in 
empty  space  can  as  easily  jnake  it  fly  through  the 
ethereal  regions,  as  is  the  case  with  Jupiter  and 
■  Saturn,  v/hich  are  globes  a  thousand  times  larger; 
and  such  a  motion  is  necessary  in  order  to  display 
Uie  harmony  and  proportion  of  the  Creator's 
works,  and  to  vindicate  his  all-perfect  wisdom 
and    intelligeiice.     It  is   even    no   more   difficult 

•  The  primary  planets  are  those  which  revolve  about  the 
tun  as  their  center,  as  Venus,  Mars,  and  Jupiter.     The  sec- 
irAar]!  planets  are  those  which  revolve  around  the  primary, 
•    -e  moons  of  Jupiter,  Saturn,  and  Uranus. 


to  conceive  such  a  motion  than  it  is  to  conceive 
how  the  earth  can  be  inhabited  all  round,  and 
that  there  can  be  no  such  thing  as  up  or  dmon 
in  the  universe,  absolutely  considered;  how,  for 
example,  persons  can  otand  upright  on  the  oppo- 
site sides  of  the  globe;  that  our  antipodes,  stand- 
ing with  their  heads  in  an  opposite  direction  to 
ours  can  look  up  into  the  sky  and  down  to  the 
earth  just  as  we  do,  without  any  more  danger  of 
falling  off  from  its  surface  than  we  are  of  being 
carried  upward  into  the  air.  These  are  circum- 
stances which  necessarily  flow  from  the  rotundity 
of  the  earth  and  its  attractive  power;  th'ey  are 
known  to  every  one,  and  caimot  possibly  be  dis- 
puted, unless  we  deny  the  globular  form  of  the 
earth,  or,  in  other  words,  contradict  the  evidence 
both  of  our  reason  and  our  senses.  But  we  know 
as  little  of  that  power  which  draws  everything  to 
the  earth  on  all  sides,  as  we  do  of  a  power  which 
carries  a  planet  round  its  orbit  at  the  rate  of  a 
hundred  thousand  miles  an  hour.  Both  are  effects 
of  that  Almighty  agent  who  contrived  the  uni- 
verse, "  who  is  wonderful  in  counsel  and  excellent 
in  working,"  and  "  whose  ways,"  in  numerous 
instances,  "  are  past  finding  out."  But,  in  all 
cases  where  the  least  doubt  exists,"  we  ought  to 
adopt  that  view  of  the  Creator's  plans  and  opera- 
tions which  is  most  consistent  with  the  ideas  of  a 
Being  of  infinite  perfection. 

The  arguments  now  stated,  although  we  could 
produce  no  other,  would  be  sufficient  to  corrobo- 
rate the  idea  that  the  earth  is  a  planetarj'  body, 
performing  its  motion  through  the  depths  of  space; 
but,  happily,  we  are  able  to  produce  proofs  of  the 
sun  occupying  the  center  of  the  system,  which 
may  be  considered  as  demonstrative.  These  proofs 
I  shall  now  state  as  briefly  as  possible. 

1.  In  the  first  place,  the  planets  Mercury  and 
Venus  are  uniformly  observed  to  have  two  con- 
junctions with  the  sun,  but  no  opposition,  which 
could  not  possibly  happen  unless  the  orbits  of  those 
planets  lay  within  the  orbit  of  the  earth,  as  de- 
lineated in  the  plan  of  the  solar  system.  This 
circumstance  will  be  more  particula,rly  understood 
by  the  following  diagram. 

Fig.  6. 


Let  a  represent  the  sun  in  the  center  of   the 
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nystem,  M,  Mercury;  V,  Venus;  E,  Earth;  and  G, 
Mars.  It  is  evident  that  when  Mercury  is  at  M 
and  Venus  at  F,  they  will  be  seen  from  tlie  earth, 
E,  in  the  same  part  of  the  heavens  as  the  sun; 
namely,  at  B,  where  Mars  is  represented;  because 
they  are  all  situated  in  the  same  straight  line,  E 
B.  In  this  position  thej'^  are  between  the  sun  and 
the  earth,  and  this  is  called  their  inferior  conjunc- 
tion. Again,  when  Mercury  and  Venus  come  to 
the  situations  H,  K,  they  are  again  in  the  straight 
line  joining  the  centers  of  the  earth  and  sun,  and 
are  therefore  seen  in  the  same'  part  of  the  heavens 
with  that  orb.  In  these  last  positions  they  are 
beyond  the  sun,  which  is  now  between  them  and 
the  earth.  This  is  called  their  superior  conjunc- 
tion. Here  it  is  evident  that  these  two  planets 
must  appear  twice  in  conjunction  with  the  sun, 
in  each  revolution,  to  a  spectator  on  the  earth  at 
E;  but  they  can  never  appear  in  opposition  to  the 
sun,  or,  in  other  words,  they  can  never  be  seen 
in  the  east  immediately  after  the  sun  has  set  in 
the  west,  as  is  the  case  with  Mars,  which  may  be 
seen  at  G  when  the  sun  appears  at  B,  in  the  op- 
posite direction;  all  which  appearances  are  exactly 
correspondent  with  observation,  but  could  never 
take  place  if  the  earth  were  the  center  of  their 
motions. 

2.  The  greatest  elongation  or  distance  of  Mer- 
cury from  the  sun  is  twenty-nine  degrees,  and 
that  of  Venus  about  forty-seven  degrees,  which 
answers  exactly  to  observation,  and  to  the  posi- 
tions and  distances  assigned  to  them  in  the  sys- 
tem; but  if  they  moved  round  the  earth  as  a  cen- 
ter, they  would  sometimes  be  seen  180  degrees 
from  the  sun,  or  in  opposition  to  him.  But  they 
have  never  been  seen  in  such  a  position  by  any 
observer,  either  in  ancient  or  modern  times,  nor 
at  greater" distances  from  the  sun  than  those  now 
specified.  It  is  evident,  from  the  figure,  that  when 
Venus  is  at  D,  the  point  of  its  greatest  elongation, 
it  will  be  seen  at  a,  in  the  direction  of  E  a,  which 
forms  an  angle  of  forty-seven  degrees  with  the 
line  E  B,  or  the  direction  of  the  sun  as  seen  from 
the  earth.  In  like  manner  Mercury,  when  at  its 
greatest  elongation,  at  R,  will  be  seen  at  e,  which 
forms  a  less  angle  than  the  former  with  the  line 
of  direction  in  which  the  sun  is  seen.  Hence  it 
is  that  Mercury  is  so  rarely  seen,  and  Venus  only 
at  certain  times  of  the  year;  whereas,  were  the 
earth  at  rest  in  the  center  of  the  planetary  orbits, 
these  planets  would  be  seen  in  all  positions  and 
distances  from  the  sun  in  the  same  manner  as  the 
raoon  appears. 

3.  The  planets  Mars,  Jupiter,  Saturn,  Uranus, 
and  all  the  other  superior  planets,  have  each  their 
conjunctions  and  oppositions  to  the  sun,  alternate 
and  successively,  which  could  not  be  unless  their 
orbits  were  exterior  to  the  orbit  of  the  earth. — 
Thus,  from  the  earth  at  E  Mars  will  appear  in 
conjunction  with  the  sun  at  B  and  in  opposition 
at  G;  that  is,  in  a  part  of  the  heavens  180  degrees 
distant  from  the  sun,  or  directly  opposite  to  him; 
and  the  same  is  the  case  with  all  the  planets  be- 
yond the  orbif  of  Mars,  which  proves  that  they 
are  all  situated  in  orbits  which  include  the  orbit  of 
the  earth. 

4.  In  the  arrangements  of  the  planets  in  the 
system,  as  formerly  stated^  they  will  all  be  some- 
times much  nearer  to  thi  earth  than  at  other 
times;  and,  consequently,  their  brightness  and 
splendor,  and  likewise  their  apparent  diameters, 
will  be  proportionably  greater  at  one  time  than  at 
another.  This  corresponds  v-ith  every  day's  ob- 
servation. Thus  the  apparent  diameter  of  Venus, 
when  greatest,  is  fifty- eight  seconds,  and  when 
least,  about  ten  seconds;  of  Mars,  when  greatest 


about  twenty-five  seconds,  and  when  least,  not 
above  four  or  five  seconds;  so  that  in  one  part  of 
his  orbit  he  is  five  times  nearer  to  the  earth  than 
at  the  opposite  part,  and,  consequently,  appears 
twenty-five  times  larger  in  surface.  Thus,  when 
Mars  is  in  the  point  G,  in  opposition  to  the  sun, 
he  is  the  whole  diameter  of  the  earth's  orbit,  or  190 
millions  of  miles  nearer  us  than  when  he  is  in 
conjunction,  in  the  point  B.  In  the  one  case  ho 
is  only  50  millions'of  miles  distant  from  the  earth, 
while  in  the  other  he  is  no  less  than  240  millions 
of  miles;  and  his  apparent  magnitude  varies  ac- 
cordingly. But,  according  to  the  system  which 
places  the  earth  in  the  center,  the  apparent  mag- 
nitude of  Mars,  and  of  all  the  other  planets,  should 
always  be  equal,  in  whatever  points  of  their  orbits 
they  may  be  situated. 

5.  When  the  planets  are  viewed  through  good 
telescopes,  they  appear  with  different  phases;  that 
is,  with  different  parts  of  their  bodies  enlightened- 
Thus,  Mars  sometimes  appears  round,  or  with  a 
full  enlightened  face;  and  at  other  times  he  pre- 
sents a  gibbous  phase,  like  that  of  the  moon  three 
or  four  days  before  the  full.  Venus  presents  al. 
the  different  phases  of  the  moon,  appearing  some- 
times with  a  gibbous  phase,  sometimes  like  a  half 
moon,  and  at  other  times  like  a  slender  crescent. 
Thus,  at  V,  her  dark  side  is  turned  to  the  earth, 
and  she  is  consequently  invisible,  unless  she  hap- 
pens to  pass  across  the  disc  of  the  sun,  when  she 
appears  like  a  round  black  spot  on  the  surface  of 
that  luminary.  At  D  she  appears  like  a  crescent; 
at  A  like  a  half  moon,  because  only  the  one-half 
of  her  enlightened  side  is  turned  toward  the  earth; 
and  at  P  she  presents  a  gibbous  phase.  When 
Copernicus  first  proposed  his  system,  it  was  one 
of  the  strongest  objections  which  his  adversaries 
brought  against  it,  and  by  which  they  supposed 
they  had  completely  confuted  him;  namely,  that 
"  if  his  hypothesis  were  true,  Venus  and  Mercury 
must  vary  their  phases  like  the  moon,  but  that 
they  constantly  appeared  round."  Copernicus  at 
once  admitted  that  these  consequences  were  justly 
drawn;  and  he  attributed  the  cause  of  their  round 
appearances  to  the  structure  of  our  eyes,  to  the 
distance  of  the  objects,  and  to  those  radiating 
crowns  which  hinder  us  from  judging  either  of 
the  size  or  the  exact  form  of  the  stars  and  pla- 
nets; and  he  is  said  to  have  prophesied  that  one 
day  or  other  these  various  phases  would  be  disco- 
vered; and  little  more  than  a  half  century  inter- 
vened, when  the  telescope  (which  was  unknown 
in  the  time  of  Copernicus),  in  the  hands  of  Ga- 
lileo, determined  to  a  certainty  the  matter  in  dis- 
pute, and  confirmed  the  prediction  of  that  emi- 
nent astronomer.  How  great,  may  we  suppose, 
would  have  been  the  transport  of  that  illustrious 
man  had  a  telescope  been  put  into  his  hands,  and 
had  he  seen,  as  we  now  do,  that  Venus,  when  she 
appears  most  brilliant,  exhibits,  in  reality,  the 
form  of  a  crescent!  so  that  this  formidable  objec- 
tion to  the  truth  of  his  system  has  now  become 
one  of  the  strongest  and  most  palpable  demonstra- 
tions of  the  reality  of  that  arrangement  which 
has  placed  the  sun  in  the  center,  and  set  the  earth 
in  motion  between  Mars  and  Venus. 

6.  All  the  planets  in  their  motions  are  seen, 
sometimes  to  move  direct;  sometimes  retrograde^ 
and  at  other  times  to  remain  stationary,  without 
any  apparent  motion:  in  other  words,  in  one  part 
of  their  course  they  appear  to  move  to  the  easij 
in  another  part  to  the  west;  and  at  certain  points 
of  their  orbits  they  appear  fixed  for  some  time  in 
the  same  position.  Thus,  Venus,  wlien  she  passes 
from  her  greatest  elongation  westward,  at  L,  to 
her  elongation  eastward,  at  D,  through  the  are 
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L  C  K  F  A  D,  will  appear  direct  in  motion,  or 
from  west  to  east;  but  as  she  passes  from  D  to  L, 
through  the  arc  D  V  L,  she  will  appear  retro- 
qrade,  or  as  if  slie  were  moving  from  east  to  west. 
When  she  is  iu  those  parts  of  her  orbit  most  dis- 
tant from  the  sun,  as  at  D  and  L,  she  will  appear 
for  some  time  stationary,  becaus'e  the  tangent  line 
or  visual  ray  appears  to  coincide  for  some  time 
with  the  orbit  of  the  planet;  just  as  a  ship  at  a 
great  distance,  when  moving  directly  toward  the 
eye  in  the  line  of  vision,  appears  for  a  little  time 
to  make  no  progress.  All  these  apparent  diversi- 
ties of  motion  are  necessary  results  of  the  Coperni- 
can  system,  and  they  coincide  with  the  most  ac- 
curate observations;  but  they  are  altogether 
inexplicable  on  any  other  hypothesis. 

7.  The  planets  Mercury  and  Venus,  in  their 
superior  conjunctions  with  the  sun,  as  at  H  and 
K,  are  sometimes  hid  behind  the  sun's  body; 
wliich  could  never  happen  on  the  Ptolemaic  hy- 
pothesis, because  in  it  the  orbit  of  the  sun  is  sup- 
posed to  be  exterior  to  the  orbits  of  these  two 
planets. 

8.  The  times  in  which  these  conjunctions,  op- 
positions, direct  and  retrograde  motions,  and  sta- 
tionary aspects  of   the   planets  happen,   are  not 
such  as  they  would  be  if  the  earth  were  at  rest  in 
its  orbit;  haX.  precisely  such  if  the  earth  move,  and 
all  the  other  planets  in  the  periods  assigned  them. 
Thus,  suppose  Venus  at  any  time  in  conjunction 
with  the  sun  at  V;  were  the  earth  at  rest  in  E, 
the  next  conjunction    of   the   same   kind  would 
happen  again  when  Venus  had  made  just  one  re- 
volution, that  is,  in  224  days.     But  this  is  con- 
trary to  experience;  for  a  much  longer  time  is 
found  to  intervene  between  two  conjunctions  of 
the  same  kind,  as  must  be  if  we  suppose  the  earth 
to  have  a  motion  in  tiie  same  direction.      For, 
when  Venus  comes  to  the  point  V,  the  earth  will 
if  the  earth  were  considered  as  remain- 
ing fixed  in  the  center  of  its  motion.     On 
each  side  of  the  loops  in  the  figure  it  ap- 
pears stationary;  in  that  part  of  the  loop 
next  the  earth  it  appears  retrograde;  and 
in  all  the  rest  of  the  path,  which  seems  to 
stretch  far  away  from   the  earth,   it  ap- 
pears direct,  until  its  course  again  appears 
to  run  into  a  loop.     Let  the  reader  trace 
the  Whole   of  the  curve  here  delineated, 
and  then  ask  himself  whether  such  mo- 
tions can  possibly  be  real,  or  the  contri- 
vances of  Infinite  Wisdom.    The  motions 
of  Venus,  and  all  of  the  superior  planets,  as 
tseen  from  the  earth,  present  similar  curves 
and   anomalies.     Now  it   is   a   fact,  that 
when  the  earth  is  considered  as  moving 
round  the  sun   in  a  year,  between   the 
orbits  of  Venus  and  Mars,  all  these  appa- 
rent irregularities  are  completely  account- 
ed  for   by  the  combination   of   motions 
produced  by  our  continual  change  of  po- 
Bition,  in  consequence  of  the  earth's  pro- 
gress in   its  annual   orbit;  and  thus  the 
movements  of  all  the  planets  are  reduced 
to  perfect  harmony  and  order. 

Such  is  a  brief  summary  of  the  leading 
proofs  which  may  be  brought  forward  to 
establish  the  fact  of  the  annual  motion  of 
the  earth  round  the  sun.  They  all  converge  to-  in  question,  as  if,  from  a  fixed  position  in  the 
ward  the  same  point,  and  hang  togetlier  in  per-  heavens,  we  actually  beheld  the  earth  and  all 
feet  harmony.  It  is  next  to  impossible  that  such  its  population  sweeping  along  through  the  ethe- 
a  combination  of  arguments  could  he  found  to  real  spaces  with  the  velocity  of  sixty-eight 
prove  a  false  position.  When  thoroughly  un-  j  thousand  miles  every  honr.  These  arguments 
derstood  and  calmly  considered  they  are  calcu-  i  are  plain  and  easy  to  be  understood  if  the  least 
lated  to  produce  on  the  mind  of  every  unbi- 1  attention  be  bestowed.  Most  of  them  require 
assed  inquirer  as  strong  a  conviction  of  the  point    nothing  more   than  common  observation,  or,  in 


have  passed  iu  that  time  from  E  to  some  other 
part  of  its  orbit,  and  from  this  part  still  keeps 
moving  on  until  Venus  overtakes  it,  and  gets 
again  betvt^een  it  and  the  sun.  The  period  which 
Venus  will  take  before  she  overtakes  the  earth 
and  comes  in  conjunction  with  the  sun,  is  found 
as  follows:  The  daily  mean  motion  of  the  earth  is 
fifty-nine  minutes  eight  seconds  (which  is  the 
same  as  the  apparent  mean  motion  of  the  sun), 
and  the  daily  mean  motion  of  Venus  is  one  degree, 
thirty-six  minutes,  eight  seconds.  The  difVerence 
of  these  mean  motions  is  tiiirty-seven  minutes. 
Therefore,  as  37'  :  is  to  the  number  of  minutes  in 
the  whole  circle  of  360  degrees,  namely,  21600' 
:  :  so  is  one  day  :  to  583  days,  18  5-4  hours,  which 
is  the  time  between  two  conjunctions  of  the  same 
kind,  or  one  year  and  a  little  more  than  seven 
months,  which  is  somewhat  more  than  two  and  a 
half  revolutions  of  Venus,  and  which  perfectly 
agrees  with  the  most  accurate  observations. 

In  the  last  place,  if  we  were  to  suppose  the 
earth  at  rest  in  the  center  of  the  planetary  sys- 
tem, the  motions  of  all  the  planets  viould  present  a 
scene  of  inextricable  confusion.  They  would  ap- 
pear so  irregular  and  anomalous  that  no  rational 
being  would  ever  suppose  they  could  be  the  con- 
trivances of  an  All-wise  Being,  possessed  of  every 
perfection.  This  will  appear  at  once  by  casting 
the  eye  on  Fig.  7,  which  represents  the  apparent 
motion  of  the  planet  Mercoiy,  as  seen  from  the 
earth,  from  the  year  1708  to  1715,  as  originally 
delineated  by  the  celebrated  astronomer  Cassini, 
and  published  in  the  Memoirs  of  the  Royal  Aca- 
demy of  Sciences.  Here  the  motion  of  this  pla- 
net appears  to  describe  a  complicated  curve,  or  a 
series  of  loops  or  spirals  running  into  each  other, 
instead  of  a  regular  circular  motion  in  an  orbit; 
and  such  irregular  curves  must  be  the  real  motion 
of  the  planet,  to  account  for  all  its  appearances. 
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other  words,  common  sense,  in  order  to  under- 
stand and  appreciate  them;  and  he  who  will  not 
give  himself  the  trouble  to  weigh  them  with  at- 
tention must  be  contented  to  remain  in  ignorance. 
I  have  stated  them  with  more  particularity  than 
is  generally  done  in  elementary  books  on  this 
subject,  because  they  lie  at  the  foundation  of  as- 
tronomical science,  and  of  all  our  views  of  the 
amplitude  and  order  of  the  universe:  and  be- 
cause many  profess  to  believe  in  the  motion  of 
the  earth  mendy  on  the  authority  of  others,  with- 
out examining  the  grounds  of  their  belief,  and, 
consequently,  are  never  fully  and  rationally  con- 
vinced of  the  important  position  to  which  we  have 
adverted. 

The  motion  of  the  earth  presents  before  us  a 
most  sublime  and  august  object  of  contemplation. 
We  wonder  at  beholding  a  steam  carriag'^,  with 
all  its  apparatus  of  wagons  and  passengers,  carried 
forward  on  a  railway  at  the  rate  of  tbirty  niiles 
an  hour,  or  a  balloon  sweeping  through  the  atmo- 
sphere with  a  velocity  of  sixty  miles  in  the  same 
time.  Our  admiration  would  be  raised  still  higher, 
should  we  behold  Mount  Etna,  with  its  seventy 
cities,  towns,  and  villages,  and  its  hundred  thou- 
sand inhabitants,  detached  from  its  foundations, 
carried  aloft  througii  the  air,  pouring  forth  tor- 
rents of  red-hot  lava,  and  impelled  to  the  conti- 
nent of  America  in  the  space  of  half  an  hour. 
But  such  an  object,  grand  and  astonishing  as  it 
would  be,  could  convey  no  adequate  idea  of  the 
grandeur  of  such  a  body  as  the  earth  flying 
through  the  voids  of  space  in  its  course  round 
tlie  sun.  Mount  Etna,  indeed,  contains  a  mass 
of  matter  equal  to  more  than  800  cubical  miles, 
but  the  earth  comprises  an  extent  of  more  than 
263,000,000,000  of  solid  miles,  and,  consequently, 
is  more  than  three  hundred  millions  of  times 
larger  than  Etna,  and  of  a  much  greater  density. 
The  comparative  size  of  this  mountain  to  the 
earth  may  be  apprehended  by  conceiving  three 
hundred  millions  of  guineas  laid  in  a  straight 
line,  which  would  extend  4700  miles,  or  from 
London  to  the  equator,  or  to  south  America. 
The  whole  line  of  guineas  throughout  this  vast 
extent  would  represent  the  bulk  of  the  earth,  and 
a  single  guinea,  wliich  is  only  about  an  inch  in 
extent,  would  represent  the  size  of  Etna  compared 
with  that  of  the  earth.  Again:  Etna,  in  moving 
from  its  present  situation  to  America  in  half  an 
hour,  would  move  only  at  the  rate  of  130  miles  in 


a  minute;  while  the  earth  in  its  annual  course  flics 
with  a  velocity  of  more  than  1130  miles  in  the  same 
space  of  time,  or  about  nine  times  that  velocity. 
How  august,  then,  and  overpowering  the  idea, 
that  during  every  pulse  that  beats  within  us  we 
are  carried  neariy  twenty  miles  from  that  portion 
of  absolute  space  we  occupied  before!  that  during 
the  seven  hours  we  repose  in  sleep,  we,  and  all 
the  inlwbitants  of  the  world,  are  transported  47  0,- 
000  miles  tbrough  the  de|4hs  of  space;  that  dur- 
ing the  time  it  would  take  to  read  deliberately 
from  the  beginning  of  the  last  paragraph  to  the 
present  sentence,  we  have  been  carried  forvvard 
with  the  earth's  motion  more  than  4500  miii's; 
and  that,  in  the  course  of  the  few  minutes  we 
spend  in  walking  a  mile,  we  are  conveyed  through 
a  portion  of  absolute  space  to  the  extent  of  mor« 
than  18,000  miles.  What  an  astonishing  idea 
does  such  a  motion  convey  of  the  energies  of  the 
Almighty  Creator,  especially  when  we  consider 
that  thousands  of  rolling  worlds,  some  of  them 
immensely  larger  tban  our  globe,  are  impelled 
with  similar  velocities,  and  have,  for  many  cen- 
turies past,  been  running  without  intermission 
their  destined  rounds!  Here,  then,  we  have  a 
magniticent  scene  presented  to  view,  far  more 
wonderful  than  all  the  enchanted  palaces  i-ising 
and  vanishing  at  the  stroke  of  the  magician's 
rod,  or  all  the  scenes  which  the  human  imagina- 
tion has  ever  created,  or  the  tales  of  romance  have 
recorded,  which  may  sen'e  to  occupy  our  mental 
contemplation  when  we  feel  ennui,  or  are  at  a  loss 
for  subjects  of  amusement  or  reflection.  We 
may  view  in  Imagination  this  ponderous  globe  on 
which  we  reside,  with  all  its  load  of  continents 
islands,  oceans,  and  its  millions  of  population 
wheeling  its  course  through  the  heavens  at  a  rate 
of  motion,  every  day,  excuediug  1,000,000  miles, 
we  may  transport  ourselves  to  distant  regions 
and  contemplate  globes  far  more  magniticent 
moving  with  similar  or  even  greater  velocities 
we  may  wing  our  flight  to  the  starry  firmament 
where  wo:lds  unnumbered  run  their  ample  rounds 
where  suns  revolve  around  suns,  and  systems 
around  systems,  around  the  tiirone  of  the  Eter- 
nal; until,  overpowered  with  the  immen.sity  of 
space  and  motion,  we  fall  down  with  reverence, 
and  worship  Him  who  presides  over  all  the  de- 
partments of  universal  nature,  "  who  created  all 
worlds,  and  for  whose  pleasure  they  are  and  were 
created." 


CHAPTER  III. 

ON  THE   MAGNITUDES,   MOTIONS,    AND    OTHER   PHENOMENA    jf    THE  BODIES 
CONNECTED   WITH   THE   SOLAR  SYSTEM 


In  the  elucidation  of  this  subject,  I  shall,  in  the 
Grst  place,  present  a  few  sketches  of  the  magni- 
tudes, motions,  and  other  phenomena  of  the  pri- 
mary planets  belonging  to  the  solar  system. 
The.se  planets,  as  formerly  stated,  are.  Mercury, 
Venus,  Mars,  Vesta,  Juno,  Ceres,  Pallas,  Jupiter, 
Saturn,  and  Uranus,  which  are  here  mentioned  in 
tlie  order  of  their  distance  from  the  sun. 

In  this  order  I  shall  proceed  to  give  a  few  de- 
scriptions of  the  principal  facts  which  have  been 
ascertained  respecting  each  planet. 


I      rHE   ri.iNET   MERCURY. 

This  pl&ne*  is  the  nearest  to  the  sun  of  any 
that  have  yet  bee ii  discovered,  although  a  space 
of  no  less  thun  thirty -seven  millions  of  miles  in- 
tervene between  Mercury  and  the  central  lumi- 
nary. Within  this  immense  space  several  planets 
may  revolve,  though  they  may  never  be  detected 
by  us,  on  account  of  their  proximity  to  the  sun. 
To  an  inhabitant  of  Mercury,  such  planets,  if  any 
er'st,  may  be  as  distinctly  visible  as  Venus  and 
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Mercury  are  to  us;  because  they  will  appear,  in 
certain  parts  of  their  course,  at  a  much  greater 
elongation  from  the  sun  than  they  can  to  us. 
This  planet,  on  account  of  its  moving  in  the 
neighborhood  of  the  sun,  is  seldom  noticed  by  a 
common  observer.  It  is  only  to  be  seen  by  the 
naked  eye  about  tiie  period  of  its  greatest  elonga- 
tion from  the  sun,  which  is  .sometimes  only  about 
16°  or  170,  and  never  exceeds  29°.  These  elonga- 
tions happen,  at  an  average,  about  six  or  seven 
times  every  year;  about  three  times  when  the 
planet  is  eastward  of  the  .sun,  and  three  times 
when  it  is  to  the  westward.  TJiis  planet,  there- 
fore, can  only  be  seen  by  the  unassisted  eye  for  a 
few  days  about  these  periods,  either  in  the  morn- 
ing a  little  before  sunrise,  or  in  the  evenings  a 
little  after  sunset.  As  it  is  sometimes  not  above 
16°,  even  at  its  greatest  elongation,  from  the  point 
of  sunrise  or  sunset,  and  is  likewise  very  near  the 
horizon,  it  is  sometimes  very  difficult  to  distin- 
guish it  by  the  naked  eye,  and  at  all  other  times 
it  is  generally  imperceptible  without  a  telescope. 
It  i«  said  that  the  celebrated  astronomer,  Coperni- 
cus, had  never  an  opportunity  of  seeing  this  planet 
during  the  whole  course  of  his  life.  I  have  seen 
Mercury  three  or  four  times  with  the  naked  eye, 
and  pretty  frequently  with  a  telescope.  With  a 
magnifying  power  of  150  times,  I  have  seen  it 
about  the  time  of  its  greatest  elongation,  more 
than  half  an  hour  after  sunrise,  when  it  appeared 
like  a  small  brilliant  half  moon;  but  no  spots 
could  be  discovered  upon  it.  To  the  naked  eye, 
when  it  is  placed  in  a  favorable  position,  it  ap- 
pears with  a  brilliant  white  light,  like  that  of  Ve- 
nus, but  much  smaller  and  less  conspicuous.  The 
best  mode  of  detecting  it  is  by  means  of  an  equa- 
torial telescope,  which,  by  a  slight  calculation  and 
the  help  of  an  ephemeris,  may  be  directed  to  the 
precise  point  of  the  heavens  where  it  is  situated. 
The  most  favorable  seasons  of  the  year  for  ob- 
serving it  are  when  its  greatest  elongations  happen 
in  the  month  of  March  or  April,  and  in  August 
or  September.  In  winter  it  is  not  easily  perceived, 
on  account  of  its  very  low  altitude  above  the 
horizon  at  sunrise  and  sunset;  and  in  summer,  the 
long  twilight  prevents  our  perception  of  any 
small  object  in  the  heavens.  From  the  planets 
Saturn  and  Uranus,  Mercury  would  be  altogether 
invisible,  being  completely  immersed  in  the  splen- 
dor of  the  solar  rays;  so  that  an  inhabitant  of 
these  planets  would  never  know  that  such  a  body 
existed  in  the  univ'erse,  unless  he  should  happen 
to  see  it  when  it  passed,  like  a  small  dark  point,- 
across  the  disc  of  the  sun. 

Mercury  revolves  around  the  sun  in  the  space 
of  eighty-seven  days  twenty-three  hours,  which 
is  the  length  of  its  year;  but  the  time  from  one 
conjunction  to  the  same  conjunction  again,  is 
about  116  days;  for  as  the  earth  has  moved  about 
a  fourth  part  of  its  revolution  during  this  period, 
it  requires  nearly  thirty  days  for  Mercury  to 
overtake  it,  so  as  to  be  in  a  line  with  the  sun. 
During  this  period  of  about  116  days  it  passes 
tlirough  all  the  phases  of  the  moon,  sometimes 
presenting  a  gibbous  phase,  sometimes  that  of  a 
half  moon,  and  at  other  times  the  form  of  a  cre- 
scent; which  phases  and  other  particulars  will  be 
more  particularly  explained  in  the  description  I 
shall  give  of  the  planet  Venus.  Mercury,  at  dif- 
ferent times,  makes  a  transit  across  the  sun's  disc; 
and  as  its  dark  side  is  then  turned  to  the  earth,  it 
ivill  appear  like  a  round  spot  upon  tlie  face  of  the 
8un;  and  when  it  passes  near  the  center  of  tlie 
«un,  it  will  appear  for  the  space  of  from  five  to 
fjeven  hours  on  the  surface  of  that  orb.  Its  last 
transit  happened  on  the  7th  of  November,  1835, 


which  was  visible  in  the  United  States  of  Ameri- 
ca, but  not  in  Britain,  as  the  sun  was  set  be 
fore  its  commencement.  The  next  transits,  to 
the  end  of  the  present  century,  are  as  follows- 

Hours.  Minntes. 

1845,  May  8th. 7  54  p.  m. 

1848,  November  9th 1  38  p.m. 

1861,  November  lath 7  20  p.m. 

1868,  November  5th 6  44  a.  m. 

1878,  May  6th 6  38  p.  m. 

1 881 ,  November  8th 0  40  a.  m. 

1891,  May  10th 2  45  a.  m. 

1894,  November  10th 6  17  p.m. 

(  The  time  stated  in  the  above  table  is  the  mean 
time  of  conjunction  at  Greenwich,  or  nearly  the 
middle  of  the  transit;  so  that,  in  whatever  part 
of  the  world  the  sun  is  risen  at  that  time,  the 
transit  will  be  visible  if  no  clouds  interpose.  The 
next  two  transits,  in  1845  and  1848,  will  be  partly 
visible  in  Britain. 

Few  discoveries  bave  been  made  on  the  surface 
of  this  planet  by  means  of  the  telescope,  owing 
to  the  dazzling  splendor  of  its  rays,  which  pre- 
vents the  telescope  from  presenting  a  well-defined 
image  of  its  disc;  owing,  likewise,  to  the  short 
interval  during  which  observations  can  be  made, 
and  particularly  to  its  proximity  to  the  horizon, 
and  the  undulating  vapors  through  which  it  is 
then  viewed.  That  unwearied  observer  of  the 
heavens,  Sir  William  Hcrschel,  although  he  fre- 
quently viewed  this  planet  with  magnifying  pow- 
ers of  200  and  300  times,  could  perceive  no  spots 
or  any  other  phenomenon  on  its  disc  from  which 
any  conclusions  could  be  deduced  respecting  its 
peculiar  constitution  or  the  period  of  its  rotation. 
Mr.  Schroeter,  an  eminent  German  astronomer, 
however,  appears  to  have  been  more  successful. 
This  gentleman  has  long  been  a  careful  observer 
of  the  phenomena  of  the  planetary  system,  by 
means  of  telescopes  of  considerable  size,  and  has 
contributed  not  a  few  interesting  facts  to  astro- 
nomical science.  He  assures  us  that  he  has  seen 
not  only  spots,  but  even  mountains  on  the  surface)' 
of  Mercury,  and  that  he  succeeded  in  ascertaining 
the  altitude  of  two  of  these  mountai;is.  One  of 
them  he  found  to  be  little  more  than  1000  toises 
in  hight,  or  about  an  English  mile  and  372  yards. 
The  other  measured  8900  toises,  or  ten  miles  and 
1378  yards,  which  is  more  than  four  times  higher 
than  Mount  Etna  or  the  Peak  of  Teneriffe.  The 
highest  mountains  are  said  to  be  situated  in  the 
southern  hemisphere  of  this  planet.  The  same 
observer  informs  us,  that,  by  examining  the  varia- 
tion in  the  daily  appearance  of  the  horns  or  cusps 
of  this  planet,  when  it  appeared  of  a  crescent 
form,  he  found  the  period  of  its  diurnal  rotation 
round  its  axis  to  be  twenty-four  hours,  five 
minutes,  and  twenty-eight  seconds.  But  these 
deductions  require  still  to  be  confirmed  by  future 
observations. 

The  light  or  the  intensity  of  solar  radiation 
which  falls  on  this  planet  is  nearly  seven  times 
greater  than  that  which  falls  upon  (be  earth;  for 
the  proportion  of  their  distances  from  the  sun  is 
nearly  as  three  to  eight,  and  the  quantity  of  light 
difl'used  from  a  luminous  body  is  as  the  square  of 
the  distance  from  thjt  body.  The  square  of  3  is 
9,  and  the  square  of  8,  64,  which,  divided  by  9, 
produces  a  quotient  of  7  1-9,  which  nearly  ex- 
presses the  intensity  of  light  on  Mercury  com- 
pared with  that  on  the  earth.  Or,  more  .-iccu- 
ratel)"^,  thus:  Mercury  is  36,880,000  of  miles  from 
the  sun,  the  square  of  which  is  1,360,1.34,400,- 
000,000 :    the   earth   is  distant    95,000,000,   tha 


28 


CELESTIAL  SCENERY. 


square  of  which  is,  9,025,000,000,000,000.  Di- 
vide this  last  square  by  the  first,  and  the  quotient 
is  about  6~3,  which  is  very  nearly  the  proportion 
of  light  on  this  planet.  As  the  apparent  diameter 
of  the  sun  is  likewise  in  proportion  to  the  square 
of  the  distance,  the  inhabitants  of  this  planet  will 
behold  in  their  sky  a  luminous  orb,  giving  light 
by  day,  nearly  seven  times  larger  than  the  sun 
appears  to  us;  and  every  object  on  its  surface 
will  be  illuminated  with  a  brilliancy  seven  times 
greater  than  are  the  objects  around  us  in  a  fine 
summer's  day.  Such  a  brilliancy  of  luster  on 
every  object  would  completely  dazzle  oiw  eyes  in 
their  present  state  of  organization;  but  in  every 
such  case  we  are  bound  to  believe  that  the  organs 
of  vision  of  the  inhabitants  of  any  world  are  ex- 
actly adapted  to  the  sphere  they  occupy  in  the 
system  to  which  they  belong.  Were  we  trans- 
ported to  such  a  luminous  world  as  Mercury,  we 
could  perceive  every  object  with  the  same  ease 
and  distinctness  we  now  do,  provided  the  pupil 
of  the  eye,  instead  of  being  one-eighth  of  an  inch 
in  diameter,  as  it  now  is,  were  contracted  to  the 
size  of  one-fiftieth  of  an  inch.  In  consequence 
of  the  splendor  which  is  reflected  from  every 
object  on  this  planet,  it  is  likely  that  the  whole 
scenery  of  nature  will  assume  a  most  glorious 
and  magnificent  aspect,  and  that  the  colors  depict- 
ed on  the  various  parts  of  the  scenery  of  that 
world  will  be  much  more  viuid  and  splendid 
than  they  appear  on  the  scenery  of  our  terrestrial 
mansion;  and  since  it  appears  highly  probable 
that  there  are  elevated  mountains  on  this  planet, 
f  they  be  adorned  with  a  diversity  of  color,  and 
of  rural  and  artificial  objects,  they  must  present 
to  the  beholder  a  most  beautiful,  magnificent,  and 
sublime  appearance.  The  following  figures  will 
present  to  the  eye  a  comparative  view  of  the  ap- 
parent size  of  the  sun,  as  beheld  from  Mercury 
and  from  the  earth. 

Fig.  8. 


While  the  intensity  of  the  solar  light  on  this 
planet  is  about  seven  times  greater  than  on  the 
eurth,  the  light  on  the  surface  of  Uranus,  the 
most  distant  planet  of  the  system,  is  360  times 
less  than  that  on  the  earth;  for  the  square  of  the 
earth's  distance,  as  formerly  stated,  is  9,025,000,- 
000,000,000,  and  the  square  of  the  distance  of 
Uranus  from  the  sun,  1,800,000,000,  of  miles,  is 
3,240,000,000,000,000,000,  which,  divided  by  the 
former  number,  gives  a  quotient  of  3.59  and  a 
fraction,  or,  in  round  numbers,  360;  the  number 
of  times  that  the  light  on  the  earth  exceeds  that 
on  Uranus.  Yet  we  find  that  the  light  reflected 
from  that  distant  planet,  after  passing  1,800,000,- 
000  of  miles  from  the  body  of  the  sun,  and  re- 
turning again  by  reflection  1,700,000,000  of  miles 
to  the  earth,  is  visible  through  our  telescopes,  and 
even  sometimes  to  the  naked  eye.  Thus  it  ap- 
pears that  the  intensity  of  light  at  tlie  two  ex- 
tremes of  the  solar  system  is  in  the  proportion 
of  2400  to  1;  for  3606  X '^=2400,  the  number  of 
times  thnt  tho  quar/ify  of  'igl:t  on   "'T.'-nury  ex- 


ceeds that  on  Uranus.  But  we  may  rest  assured, 
from  what  we  know  of  the  plans  of  Divine  wis- 
dom, that  the  eyes  of  organic  intelligence,  both  at 
the  extremes  and  in  all  the  intermediate  spaces  of 
the  system,  are  exactly  adiipted  to  the  sphere  they 
occupy  and  the  quantity  of  light  they  receiva 
from  the  central  luminary. 

In  regard  to  the  temperature  of  Mercury,  if  the 
intensity  of  heat  were  supposed  to  be  governed  by 
the  same  law  as  the  intensity  of  light,  the  lieat  in 
this  planet  would,  of  course,  be  nearly  seven 
times  greater  than  on  the  earth.  Supposing  the 
averag'-.  temperature  of  our  globe  to  be  fifty  de- 
grees of  Fahrenheit's  thermometer,  the  average 
temperature  on  Mercury  would  be  333  degrees, 
or  121  degrees  above  the  heat  of  boiling  water;  a 
degree  of  heat  sufficient  to  melt  sulphur,  to  make 
nitrous  acid  boil,  and  to  dissipate  into  vapor  every 
volatile  compound.  But  we  have  no  reason  to 
conclude  that  the  degree  of  sensible  heat  on  any 
planet  is  in  an  inverse  proportion  to  its  distance 
from  the  sun.  We  have  instances  of  the  contrary 
on  our  own  globe.  On  the  top  of  the  highest 
range  of  the  Andes,  in  South  America,  there  is 
an  intense  cold  at  all  times,  and  their  summits  are 
covered  with  perpetual  snows,  while  in  the  plains 
immediately  adjacent,  the  inhabitants  feel  all  the 
effects  of  the  scorching  rays  of  a  tropical  sun. 
The  sun,  during  our  summer  in  the  northern 
hemisphere,  is  more  than  three  millions  of  miles 
further  from  us  than  in  winter;  and  although  the 
obliquity  of  his  rays  is  partly  the  cause  of  tha 
cold  felt  in  winter  when  he  is  nearest  us,  yet  it  is 
not  the  only  cause;  for  we  find  that  the  cold  in 
New  York  and  Pennsylvania  is  more  intense  in 
winter  than  in  Scotland,  although  the  sun  rises 
from  ten  to  sixteen  degrees  higher  above  the  hori- 
zon in  the  former  case  than  in  the  latter.  Beside, 
we  find  that  the  heat  of  summer  in  the  southern 
hemisphere,  when  the  sun  is  nearest  to  the  earth,  is 
not  so  great  as  in  the  summer  of  corresponding 
latitudes  in  the  northern  hemisphere.  In  short, 
did  heat  depend  chiefly  on  the  nearness  of  the 
sun  or  the  obliquity  of  his  rays,  we  shoult^  always 
have  the  same  degree  of  heat  or  cold  at  the  same 
time  of  the  year,  in  a  uniform  circle;  which  ex- 
perience proves  to  be  contrary  to  fact.  The  de- 
gree of  heat,  therefore,  on  any  planet,  and  on  dif- 
ferent portions  of  the  same  planet,  must  depend 
in  part,  and  perhaps  chiefly,  on  the  nature  of  tho 
atmosphere,  and  other  circumstances  connected 
with  the  constitution  of  the  planet,  in  combina- 
tion with  the  influence  of  the  solar  rays.  These 
rays  undoubtedly  produce  heat,  but  the  degree  of 
its  intensity  will  depend  on  the  nature  of  the  sub- 
stances on  which  they  fall;  as  we  find  that  the 
same  degree  of  sensible  heat  is  not  felt  when  they 
fall  on  a  piece  of  iron  or  marble,  as  when  they 
fall  on  a  piece  of  wood  or  flannel. 

Mercury  was  long  considered  as  the  smallest 
primary  planet  in  the  system;  but  the  four  new 
planets  lately  discovered  between  the  orbits  of 
Mars  and  Jupiter,  are  found  to  be  smaller.  Its 
diameter  is  estimated  at  3200  miles,  and,  conse- 
quently, its  surface  contains  above  32,000,000  of 
square  miles,  and  its  solid  contents  are  17,157,- 
324,800,  or  more  than  seventeen  thousand  millions 
of  solid  miles;  and  if  the  number  of  solid  miles 
contained  in  the  earth,  which  are  261,000,000,000, 
be  divided  by  this  sum,  the  quotient  will  be  some- 
what more  than  fifteen,  showing  that  the  earth  is 
above  fifteen  times  larger  than  Mercury.  Not- 
witlistanding  the  comparatively  diminutive  size 
of  this  planet,  it  is  capable  of  containing  a  popu- 
lation upon  its  surface  much  greater  than  har 
ever  been  supported  on  the  surf.iC3  of  llic   earth 
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during  any  period  of  its  history.  In  making  an 
estimate  on  this  point,  I  shall  take  the  population 
©f  England  as  a  standard.  England  contains 
50,000  square  miles  of  surface,  and  14,000,000 
of  inhabitants,  which  is  280  inhabitants  for  every 
square  mile.  The  surface  of  Mercury  contains 
32,000,000  of  square  miles,  which  is  not  much 
less  than  all  the  habitable  parts  of  our  globe.  At 
the  rate  of  population  now  stated,  it  is  sufficiently 
ample  to  contain  8,960,000,000,  or  eight  thousand 
nine  hundred  and  sixty  millions  of  inhabitants, 
which  is  more  than  eleven  times  the  preset  popu- 
lation of  our  globe.  And  although  the  one-half 
of  the  surface  of  tbis  planet  were  to  be  considered 
as  covered  with  water,  it  would  still  contain 
nearly  six  times  the  population  of  the  earth. 
Hence  it  appears,  that  small  as  tbis  planet  may  be 
considered,  when  compared  with  others,  and  sel- 
dom as  it  is  noticed  by  the  vulgar  eye,  it  in  all 
probability  holds  a  far  more  distinguished  rank  in 
the  intellectual  and  social  system  under  the  moral 
government  of  God,  than  this  terrestrial  world  of 
which  we  are  so  proud,  and  all  the  living  beings 
which  traverse  its  surface. 

I  shall  only  mention  fiftther  the  following  par- 
ticulars in  reference  to  this  planet.  In  its  revo- 
lution round  the  sun,  its  motion  is  swifter  than 
that  of  any  other  planet  yet  discovered;  it  is  no 
less  than  at  the  rate  of  109,800  miles  every  hour 
at  an  average,  although  in  some  parts  of  its  course 
it  is  slower,  and  in  other  parts  swifter,  since  it 
moves  in  an  elliptical  orbit.  Of  course  it  flies 
1830  miles  every  minute,  and  more  than  thirty 
miles  during  every  beat  of  our  pulse.  The  den- 
sity of  this  planet  is  found  by  certain  physical 
calculations  and  investigations,  founded  on  the 
laws  of  universal  gravitation,  to  be  nine  times 
that  of  water,  or  equal  to  that  of  lead;  so  that  a 
ball  of  lead  3200  miles  in  diameter  would  exactly 
poise  the  planet  Mercury.  This  density  is  greater 
than  that  of  any  of  the  other  planets,  and  nearly 
twice  the  density  of  the  earth.  The  mass  of  this 
planet,  or  the  quantity  of  matter  it  contains,  when 
compared  with  the  mass  of  the  sun,  is,  according 
to  La  Place,  as  1  to  2,025,810,  or  about«the  two 
millionth  part;  that  is,  it  would  require  two  mil- 
lions of  globes  of  the  size  and  density  of  Mercury 
to  weigh  one  of  the  size  and  density  of  the  sun. 
But  as  Mercury  contains  a  much  greater  quantity 
of  matter  in  the  same  bulk  than  the  sun,  in  point 
»/  size  it  would  require  22,000,000  of  globes  of 
the  bulk  of  Mercury  to  compose  a  body  equal  to 
that  of  the  sun.  In  consequence  of  the  great 
density  of  this  planet,  bodies  will  have  a  greater 
weight  on  its  surface  than  on  the  earth.  It  has 
been  computed,  that  a  body  weighing  one  pound 
on  the  earth's  surface  would  weigh  one  pound 
eight  and  a  half  drachms  on  the  surface  of  Mer- 
cury. If  the  centrifugal  force  of  this  planet  were 
suspended,  and  its  motion  in  a  circular  course 
stopped,  it  would  fall  toward  the  sun,  as  a  stone 
when  thrown  upward  falls  to  the  ground,  by  the 
force  of  gravity,  with  a  velocity  continually  in- 
creasing as  the  square  of  llie  distance  from  the 
sun  diminished.  Tiie  time  in  which  Mercury  or 
any  other  planet  would  fall  to  the  sun  by  the  cen- 
tripetal force,  or  the  sun's  attraction,  is  equal  to 
its  periodic  time  divided  by  the  square  root  of 
thirty-two;  a  principle  deduced  from  physical 
and  mathematical  investigation.  Mercury  would 
therefore  fall  to  the  sun  in  15  days,  13  hours;  Ve- 
nus in  39  days,  17  hours;  the  earth  in  64  days, 
13  hours;  Mars  in  121  days,  10  hours;  Vesta  in 
205  days;  Ceres  in  297  days,  6  hours;  Pallas  in 
301  days,  4  hours;  Juno  in  354  days,  19  hours; 
Jupiter  in  765  days,  19  hours,  cr  abovo  f'.vo  j-ears; 


Saturn  in  1901  days,  or  about  five  years;  Uranus 
in  5425  days,  or  nearly  fifteen  years;  and  tbe 
Moon  would  fall  to  the  earth,  were  its  centrifugal 
force  destroyed,  in  4  days,  20  hours.  Some  of  the 
deductions  stated  above  may  be  apt  to  startle  some 
readers  as  beyond  the  powers  of  limited  infeliecta, 
and  above  the  range  of  human  investigation.  Tho 
discoveries  of  Newton,  however,  have  nowtiiught 
us  the  laws  by  which  these  bodies  act  upon  one 
another;  and  as  the  effects  they  produce  depend 
very  much  upon  the  quantities  of  matter  they 
contain,' by  observing  these  effects  we  are  able,  by 
the  aid  of  mathematical  reasoning,  to  detennine 
the  quantities  of  matter  in  most  of  the  planets 
with  considerable  certainty.  But  to  enter  on  the 
demonstration  of  such  points  would  require  a 
considerable  share  of  attention  and  of  mathemati- 
cal knowledge,  and  would  probably  prove  tedious 
and  uninteresting  to  the  general  reader. 

Mercury  revolves  in  an  orbit  which  is  elliptical, 
and  more  eccentric  than  the  orbits  of  most  of  the 
other  planets,  except  Juno,  Ceres,  and  Pallas.  It^ 
eccentricity,  or  the  distance  of  the   sun  from  the 

center  of  its  orbit,  is  above  7,000,000  of  miles 

The  time  between  its  greatest  elongations  from 
the  sun  varies  from  106  to  130  days.  Its  orbit  is 
inclined  to  the  ecliptic,  or  the  plane  of  the  earth's 
orbit,  in  an  angle  of  seven  degrees,  which  is 
more  than  double  the  inclination  of  the  orbit  of 
Venus. 

II.    OF   THE   PLANET    VENUS. 

Of  all  the  luminaries  of  heaven,  the  sun  and 
moon  excepted,  the  planet  Venus  is  the  most  con- 
spicuous and  splendid.  She  appears  like  a  bril- 
liant lamp  amid  the  lesser  orbs  of  night,  and  al- 
ternately anticipates  the  morning  dawn  and  ushers 
in  the  evening  twilight.  Wlien  she  is  to  the 
westward  of  the  sun,  in  winter,  she  cheers  our 
mornings  with  her  vivid  light,  and  is  a  prelude  to 
the  near  approach  of  the  break  of  day  and  tho 
rising  sun.  When  sb.e  is  eastward  of  that  lumi- 
nary, her  light  bursts  upon  us  after  sunset,  before 
any  of  the  other  twinkling  orbs  of  heaven  make 
their  appearance;  and  she  dischaj'ges,  in  some 
measure,  the  functions  of  the  absent  moon.  The 
brilliancy  of  this  planet  has  been  noticed  in  all 
ages,  and  has  been  frequently  the  subject  of  de- 
scription and  admiration  both  by  shepherds  and 
by  poets.  The  Greek  poets  distinguished  it  by 
the  name  oi  Phosphor  when  it  rose  before  the  sun, 
and  Hesperus  when  it  appeared  in  the  evening 
after  the  sun  retired;  and  it  is  now  generally 
distinguished  by  the  name  of  the  Morning  and 
Evening  Star. 

"  Next  Mercury,  Venus  runs  lier  larger  round, 
With  softer  beams  and  mililer  glory  crovvn'd, 
Friend  to  mankind,  she  glitters  frorn  afar, 
Now  the  bright  evening,  now  the  vtnrning  star. 
From  realms  remote  she  darts  her  pleasing  ray. 
Now  leading  on,  now  closing  up  the  day; 
Term'd  Pho^phur  when  her  morning;  beams  she  yields, 
And  Hesp'rus  when  her  ray  the  evening  gWds." 

Before  proceeding  to  a  more  particular  descrip- 
tion of  this  planet,  I  shall  lay  before  the  reader  a 
brief  explanation  of  the  nature  of  the  planetary 
orbits,  as  I  may  have  occasion  to  refer  to  certain 
particulars  connected  with  them  in  the  following 
descriptions.  All  the  planets  and  their  satellites 
move  in  ellfptical  orbits,  more  or  less  eccentric. 
The  following  figure  exhibits  the  form  of  these 
orbits. 

The  figure  A  D  B  E  represents  the  form  of  a 
planetary  orbit,  which  is  that  of  an  oval  or  el- 
lipse. The  longest  diameter  is  A  B ;  the  shorter 
diameter  D  E.     The  two  points   F  an;]    G  aro 
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called  the  foci  of  the  ellipse,  around  which,  as  tw  o 
central  points,  the  ellipse  is  formed.  The  sun  is 
not  placed  in  C,  the  center  of  the  orbit,  but  at  F, 
one  of  the  foci  of  the  ellipse.    When  the  plaret, 

Fig.  9. 


therefore,  is  at  A.  it  is  nearest  the  sun,  and  is  said 
to  be  in  its  perihelion;  its  distance  from  the  sun 
gradually  increases  until  it  reaches  the  opposite 
point,  B,  when  it  is  at  its  greatest  distance  from 
the  sun,  and  is  said  to  be  in  its  aphelion;  when  it 
arrives  at  the  points  D  and  E  of  its  orbit,  it  is 
said  to  be  at  the  fiiean  distance.  The  line  A  B, 
which  joins  the  perihelion  and  aphelion,  is  called 
the  line  of  the  apsides,  and  also  the  greater  axis  or 
the  transverse  axis  of  the  orbit;  D  E  is  the  lesser 
or  conjugate  axis;  F  D,  the-  7nean  distance  of  the 
planet  from  the  sun;  F  C,  or  G  C,  the  eccentricity 
of  the  orbit,  or  the  distance  of  the  sun  from  its 
center;  F  is  the  lower  focus,  or  that  in  which  the 
sun  is  placed;  G  the  higher  focus;  A  the  lower 
apsis,  and  B  the  higher  apsis.  The  orbits  of  some 
of  the  planets  are  more  elliptical  than  others. — 
The  eccentricity  of  the  orbit  of  Mercury  is  above 
7,000,000  miles;  that  is,  the  distance  from  the 
point  F,  where  the  sun  is  placed,  to  the  center,  C, 
measures  that  number  of  miles;  while  the  eccen- 
tricity of  Venus  is  only  about  490,000  miles,  or 
less  than  half  a  million.  Most  of  the  planetary 
orbits,  except  those  of  some  of  the  new  planets, 
approach  very  nearly  to  the  circular  form. 

The  orbits  of  the  different  planets  do  not  all  lie 
in  the  same  plane,  as  they  appear  to  do  in  orreries 
and  in  the  representations  generally  given  of  the 
solar  system.  If  we  suppose  a  plane  to  pass 
through  the  earth's  orbit,  and  to  be  extended  in 
every  dire(;tion,  it  will  trace  a  line  in  the  starry 
heavens  which  is  called  the  ecliptic,  and  the  plane 
itself  is  called  the  plane  of  the  ecliptic.  The  orbits 
of  all  the  other  pla'  ets  do  not  lie  in  this  plane, 
one  half  of  each  o  )it  rising  above  it,  while  the 
other  half  falls  below  it.  This  may  be  illustrated 
by  supposing  a  large  bowl  or  concave  vessel  to  be 
nearly  filled  with  water;  the  surface  of  the  water 
will  trace  a  circular  line  round  the  inner  surface  of 
the  bowl,  which  may  represent  the  ecliptic,  while 
the  surface  of  the  water  itself  is  the  plane  of  the 
ecliptic,  and  the  bowl  is  the  one-half  of  the  con- 
cave sky.  If  we  now  immerse  in  the  bowl  a  large 
circular  ring  obliquely,  so  that  one-half  of  it  is 
above  the  surface  of  the  water  and  the  other  half 
below,  this  ring  will  represent  the  orbit  of  a  pla- 
net inclined  to  the  edi^itic  or  to  the  fluid  surface; 
or  if  we  take  two  lavye  rings  or  hoops  of  nearly 
equal  size,  and  place  the  one  within  the  other  ob- 
liquely, so  that  the  half  of  the  one  hoop  may  be 
above,  and  the  opposite  half  below  the  other  hoop, 
it  will  convey  an  idea  of  the  inclination  of  a  pla- 
net's orbit  to  the  plane  of  the  ecliptic.  Thus,  if  the 
circle  EF  G  //  (Fig.  10)  represent  the  plane  of  the 
earth's  orbit  or  the  ecliptic,  the  circle  A  B  C  D 


may  represent  Ine  orbit  of  a  planet  which  is  in- 
clined to  it;  the  semicircle  I  A  B  K  being  below 
the  level  of  the  ecliptic,  and  the  other  half  or 
semicircle  being  above  it.  The  ])oinls  of  inter- 
section at  /  and  K,  where  the  circles  cut  one  an- 
other, are  called  the  nodes.  If  the  planet  is  mov- 
ing in  the  direction  AID,  the  point  /,  where  it 
ascends  above  the  plane,  is  called  the  ascending 
node,  and  the  opposite  point,  K,  the  descending 

Fig.  10. 


node.  The  line  /  K,  which  joins  the  nodes,  is 
called  the  line  of  the  nodes,  which,  in  the  different 
planetary  orbiis,  points  to  different  parts  of  the 
heavens.  It  is  when  Mercury  and  Venus  are  at 
or  near  the  line  of  the  nodes  that  ihey  appear  to 
make  a  transit  across  the  sun's  disc.  The  moon's 
orbit  is  inclined  to  the  plane  of  the  earth's  orbit 
in  an  angle  of  about  five  degrees;  and  it  is  only 
when  the  full  moon  or  change  happens  at  or  near 
the  nodes  that  an  eclipse  can  take  place,  because 
the  sun,  moon,  and  earth  are  then  nearly  in  the 
same  plane;  at  all  other  times  of  full  or  changei, 
the  shadow  of  the  moon  falls  either  above  or  be- 
low the  earth,  and  the  shadow  of  the  earth  either 
above  o^  below  the  moon.  The  ecliptic  is  sup- 
posed to  be  divided  into  twelve  signs,  or  5G0  de- 
grees, which  have  received  the  names: — Aries, 
Taurus,  Gemini,  Cancer,  Leo,  Virgo,  Libra,  Scor- 
pio, Sagittarius,  Capricornus,  Aquarius,  Pisces. — 
Each  of  these  signs  is  divided  into  thirty  equal 
parts,  called  degrees;  each  degree  into  sixty  parts, 
or  minutes;  each  minute  into  sixty  parts,  or  se- 
conds, &.C. 

■Having  stated  the  above  definitions,  which  it 
may  be  useful  to  keep  in  miiid  in  onr  further  dis- 
cussions, I  shall  proceed  to  a  particular  descrip- 
tion of  the  motions  and  other  phenomena  of 
Venus. 

General  Appearances  and  apparent  motions  of 
Venus. — This  planet,  as  already  noticed,  is  only 
seen  for  a  short  time,  either  after  sunset  in  the 
evening,  or  in  the  morning  before  sunrise.  It 
has  been  frequently  seen  by  means  of  the  tele- 
scope, and  sometimes  by  the  naked  eye,  at  noon- 
day, but  it  was  never  seen  at  midnight,  as  all  the 
other  planets  may  be,  with  the  exception  of  Mer- 
cury. It  never  appears  to  recede  further  from  tho 
sun  than  forty-seven  degrees,  or  about  half  the 
distance  from  the  horizon  to  the  zenith.  Of 
course,  it  was  never  seen  rising  in  the  east,  or 
even  shining  in  the  south,  after  the  sun  had  set  in 
the  west,  as  happens  in  regard  to  all  the  other 
heavenly  bodies,  with   the  exception  now  stated. 

When  this  planet,  after  emerging  from  the 
solar  rays,  is  first  seen  in  the  evening,  it  appears 
very  near  the  horizon  about  twenty  minutes  after 
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»unsot,  and  continues  visible  only  for  a  very  short 
time,  and  descends  below  the  horizon  not  far  from 
the  point  where  the  sun  went  down.  Every  suc- 
ceeding d:iy  its  apparent  distance  from  the  sun 
increases;  it  rises  to  a  higher  elevation,  and  con- 
tinues a  longer  time  above  the  horizon.  Thus  it 
appear.s  to  move  gradually  eastward  from  the  sun 
for  four  or  five  months,  until  it  arrives  at  the 
point  of  its  greatest  elongation,  which  seldom  ex- 
ceeds forty-seven  degrees,  when  it  appears  for 
eome  time  stationary;  after  which  it  appears  to 
commence  a  retrograde  motion  from  east  to  west, 
but  vrtth  a  much  greater  degree  of  apparent  velo- 
city; approaching  every  day  nearer  the  sun,  and 
continuing  a  shorter  time  above  the  liorizon, 
until,  in  the  course  of  two  or  three  weeks,  it 
appears  lost  in  the  splendor  of  the  solar  rays,  and 
.is  no  longer  seen  in  the  evening  sky  until  more 
than  nine  or  ten  months  have  elapsed.  About 
eight  or  ten  days  after  it  has  disappeared  in  the 
evening,  if  we  look  at  the  eastern  sky  in  the 
morning,  a  little  before  sunrise,  we  shall  see  a 
bright  star  very  near  the  horizon,  which  was  not 
previously  to  be  seen  in  that  quarter;  this  is  the 
planet  Venus,  which  has  passed  its  inferior  con- 
junction with  the  sun,  and  has  now  moved  to  the 
westward  of  him,  to  make  its  appearance  as  the 
morning  star.  It  now  appears  every  succeeding 
day  to  move  pretty  rapidly  from  the  sun  to  the 
westward,  until  it  arrives  at  the  point  of  its  great- 
est elongation,  between  45°  and  48°  distant  from 
the  sun,  when  it  again  appears  stationary;  and 
then  returns  eastward,  with  an  apparently  slow 
motion,  until  it  is  again  immersed  in  the  sun's 
rays,  and,  arrives  at  its  superior  onjunction, 
which  happens  after  the  lapse  of  about  nine 
months  from  the  time  of  being  first  seen  in  the 
morning.  But  the  planet  is  not  visible  to  the 
naked  eye  all  this  time  on  account  tf  its  proximitj- 
to  the  sun  when  slowly  approaching  its  superior 
conjunction.  After  passing  this  conjunction  it 
soon  after  appears  in  the  evening,  and  resumes 
the  same  course  as  above  staled.  During  each  of 
the  courses  now  described,  when  viewed  with  a 
telescope,  it  is  seen  to  pass  successively  through 
all  the  phases  of  the  moon,  appearing  gibbous,  or 
nearly  round,  when  it  is  first  seen  in  the  evening; 
of  the  form  of  a  half  moon  when  about  the  point 
of  its  greatest  elongation;  and  of  the  figure  of  a 
crescent,  gradually  turning  more  and  more  slender 
as  it  approaches  its  inferior  conjunction  vvith  the 
sun.  Such  are  the  general  appearances  Vv'hich 
Venus  presents  to  the  attentive  eye  of  a  common 
observer,  the  reasons  of  which  will  appear  from 
the  following  figure  and  explanations. 

Fig.  11. 


Let  the  earth  be  supposed  at  K;  then  when 
Venus  is  in  the  position  marked  A,  it  is  nearly  in 
a  line  with  the  sun  as  seen  from   the  earth,  in 
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which  position  it  is  said  to  be  in  its  superior  con 
junction  with  the  sun,  or  beyond  him,  in  the  re- 
motest part  of  its  orbit  from  the  earth;  in  which 
case  the  body  of  the  sun  sometimes  interposes 
between  the  earth  and  Venus;  at  other  times  it  is 
either  u  little  above  or  below  the  sun,  according 
as  it  happens  to  be  either  in  north  or  south  lati- 
tude. Vv'hen  it  is  in  this  position,  the  wh.ole  of 
its  enlightened  hemisphere  is  turned  toward  tho 
earth.  As  it  moves  on  its  orbit  from  A  to  B, 
which  is  from  west  to  east,  and  is  called  its  direct 
motion,  it  begins  to  appear  in  the  evening  after 
sunset.  When  it  arrives  at  B,  it  is  seen  among 
the  stars  at  L,  in  which  position  it  assumes  a  gib- 
bous phase,  as  a  portion  of  its  enlightened  hemi- 
sphere is  turned  from  the  earth.  When  it  arrives 
at  C,  it  appears  among  the  stars  at  M,  at  a  still 
greater  distance  from  the  sun,  and  exhibits  a  less 
gibbous  phase,  approaching  to  that  of  a  half 
moon.  When  arrived  at  D,  it  is  at  the  point  of 
its  greatest  eastern  elongation,  when  it  appears 
like  a  half  moon,  and  is  seen  among  the  stars  at 
N;  it  now  appetu-s  for  some  time  stationary;  after 
which  it  appears  to  move  with  a  rapid  course  in 
an  opposite  direction,  or  from  east  to  west,  during 
which  it  presents  the  form  of  a  crescent,  until  it 
approaches  so  near  the  sun  as  to  be  overpowered 
with  the  splendor  of  his  Tays.  When  arrived  at 
E,  it  is  said  to  be  in  its  inferior  conjunction,  and, 
consequently,  nearest  the  earth.  In  this  position 
it  is  just  27  millions  of  miles  from  the  earth* 
whereas,  at  its  superior  conjunction,  it  is  no  less 
than  163  millions  of  miles  from  the  earth,  for  it 
is  then  farther  from  us  by  the  whole  diameter  of 
its  orbit,  which  is  136  millions  of  miles.  This  is 
the  reason  why  it  appears  much  smaller  at  its  su- 
perior conjunction  than  when  near  its  inferior; 
although,  in  the  latter  case,  there  is  only  a  small 
crescent  of  its  light  presented  to  us,  while  in  the 
former  case  its  full  enlightened  hemisphere  is 
turned  to  the  earth. 

The  following  figure  will  exhibit  more  dis- 
tinctly the  phases  of' this  planet  in  the  different 
parts  of  its  course,  and  the  reason  of  the  diffe- 
rence of  its  apparent  magnitude  in  diffiirent 
points  of  its  orbit.    At  A  it  is  in  the  superior 

Fig.  12 


conjunction,  when  it  presents  to  our  view  a  rouni 
full  face.  At  B  it  appears  as  an  evening  star,  ano 
exhibits  a  gibbous  phase,  somewhat  less  thau 
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full  moon.  At  D  it  approaches  somewhat  nearer 
to  a  half  moon.  At  E,  near  the  point  of  its  east- 
ern elongation,  it  appears  like  a  half  moon. 
During  all  this  course  it  moves  from  west  to  east. 
From  jP  to  /it  appears  to  move  in  a  contrary 
direction,  from  east  to  west,  during  which  it  as- 
sumes the  figure  of  a  crescent,  gradually  dimin- 
ishing iu  breadth,  but  increasing  iu  extent,  until 
it  arrives  at  /,  the  point  of  its  inferior  conjunc- 
tion, when  its  dark  hemisphere  is  turned  toward 
the  earth,  and  is  consequently  invisible,  being  in  a 
situation  similar  to  that  of  the  moou  at  the  time 
of  change.  It  is  seen  no  longer  iu  the  evenings, 
but  soon  appears  in  the  morning  under  the  figure 
of  a  slender  crescent,  and  passes  through  all  the 
other  phases  represented  in  the  diagram,  at  M,  N, 
O,  &c.,  until  it  arrives  again  at  A,  its  superior 
conjunction.  The  earth  is  here  supposed  to  be 
placed  at  K;  and  if  it  were  at  rest  in  tliat  posi- 
tion, all  the  changes  now  stated  would  happen  iu 
the  course  of  224  days.  But  as  the  earth  is 
moving  forward  in  the  same  direction  as  the 
planet,  it  requires  some  considerable  time  before 
Venus  can  overtake  the  earth,  so  as  to  be  in  the 
Bame  position  as  before  with  respect  to  the  earth 
and  the  sun.  The  time,  therefore,  that  intervenes 
between  the  superior  conjunction  and  the  same 
conjunction  again,  is  nearly  584  days,  during 
which  period  Venus  passes  through  all  the  variety 
of  its  motions  and  phases  as  a  morning  and  even- 
ing star. 

This  diversity  of  motions  and  phases,  as  for- 
merly stated,  serves  to  prove  the  truth  of  the  sys- 
tem, now  universally  received,  which  places  the 
Bun  in  the  center,  and  the  earth  beyond  the  orbit 
of  Venus.  In  order  to  illustrate  this  point  to  the 
astronomical  tyro  iu  the  most  convincing  manner, 
I  have  frequently  used  the  following  plan  With 
the  aid  of  a  planetarium,  and  by  means  of  an 
ephemeris  or  a  nautical  almanac,  I  place  the  earth 
and  Venus  in  their  true  positions  on  the  planeta- 
rium, and  then  desire  the  learner  to  place  his  eye 
In  a  line  with  the  balls  representing  Venus  and 
the  earth,  and  to  mark  the  pliase  of  Venus,  as  seen 
from  the  earth,  whether  gibbous,  a  half  moon,  or 
a  crescent.  I  then  adjust  an  equatorial  telescope 
(if  the  observation  be  iu  the  day-time),  and,  point- 
ing it  to  Venus,  show  him  this  planet  with  Ihe 
same  phase  iu  the  heavens;  an  experiment  which 
never  fails  to  please  and  to  produce  conviction. 

It  has  generally  been  asserted  by  astronomers 
that  it  is  impossible  to  see  Venus  at  the  time  of 
its  supeiyor  conjunction  with  the  sun.  Mr.  Ben- 
jamin Martin,  in  his  "Gentleman  and  Lady's 
Philosophy,"  vol.  i,  says,  "At  and  about  her  up- 
per conjunction  Venus  cannot  be  seen,  by  reason 
of  her  nearness  to  the  sun."  And  in  his  "  Philo- 
sophia  Britannica,"  vol.  iii,  the  same  opinion  is 
expressed:  "At  her  superior  conjunction  Venus 
would  appear  a  full  enlightened  hemisphere,  were 
it  not  that  she  is  then  lost  in  the  sun's  blaze,  or  hid- 
den behind  his  body."  Dr.  Long,  in  his  "Astro- 
nomy," vol.  i,  says,  "  Venus,  in  her  superior  con- 
junction, (/■  she  could  be  seen,  would  appear  round 
like  the  full  moon."  Dr.  Brewster,  in  the  article 
of  Astronomy  in  the  "  Edinburgh  Encyclopedia," 
when  describing  the  phases  of  Mercury  and  Ve- 
nus, says,  "  Tlieir  luminous  side  is  completely 
turned  to  the  earth  at  the  time  of  their  superior 
conjunction,  when  they  would  appear  like  the 
full  moon,  if  they  were  not  then  eclipsed  by  the  rays 
of  the  sun.^'  The  same  opinion  is  expressed  iu 
similar  phrases  by  Ferguson,  Gregory,  Adams, 
Gravesend,  and  most  other  writers  on  the  science 
of  astronomy,  and  has  been  copied  by  all  subse- 
quent compilers  of  treatises  on  this  subject.     In 


order  to  determiuo  this  point,  along  with  sevcn^I 
others,  I  commenced,  in  18L':i,  a  serie  of  obser- 
vations on  the  celestial  bodies  in  the  day-time,  by 
means  of  an  equatorial  instrunuuit.  On  the  3th 
of  Juno  that  year,  a  little  before  midday,  when 
the  sun  was  shining  bright,  I  s^ivv  \'euu3  dis- 
tinctly with  a  magnifyir.g  power  of  sixty  times, 
and  a  few  minutes  afterward  with  a  [)ower  of 
thirty,  and  even  with  a  power  of  fifteen  ti  nes. 
At  tills  time  the  planet  was  just  3°  in  longi- 
tude and  about  IW  in  time  east  of  the  suu'd 
center,  and,  of  course,  only  2?;^'0  from  the  sun's 
limb.  Cloudj'  weather  prevented  observations 
when  Venus  was  nearer  the  sun.*  On  the  I6th 
of  October,  1819,  an  observation  was  made,  in 
which  Venus  was  seen  when  only  six  days  and 
nineteen  hours  past  the  time  of  her  superior  con- 
junction. Her  distance  from  the  sun's  eastern 
limb  was  then  only  1°  28'  42".  A  subsequent 
observation  proved  that  she  could  be  seen  when 
only  1°  27'  from  the  sun's  margin,  which  approxi- 
mates to  the  nearest  distance  from  the  sun  at 
which  Venus  is  distinctly  visible.  About  the  lOtli 
of  March,  lt:'26,  I  had  a  glimpse  of  this  planet 
within  a  few  hours  of  its  superior  conjunction, 
but  the  interposition  of  clouds  prevented  any  par- 
ticular or  continued  observations.  It  was  then 
about  1°  2ri^^' from  the  sun's  center.  Observa- 
tions were  likewise  made  to  determine  how  near 
its  inferior  conjunction  this  planet  might  be  seen. 
The  following  is  the  observation  in  which  it  was 
seen  nearest  to  the  sun.  On  March  llth,  1822,  at 
thirty  minutes  past  twelve,  noon,  the  j)lanet  being 
only  thirty-five  hours  past  the  point  of  its  infe- 
rior conjunction,  I  perceived  the  crescent  of  Ve- 
nus by  means  of  an  equatorial  telesco])e,  magni- 
fying about  seventy  times.  It  appeared  extremely 
slender,  but  distinct  and  well-defined,  and  appa- 
rently ofa  larger  curve  than  that  of  the  lunar  cres- 
cent when  the  moou  is  about  two  days  old.  Thf 
difference  of  longitude  between  the  sun  and  Ve- 
nus at  that  time  was  about  2°  19'.  A  gentleman 
who  happened  to  be  present  perceived  the  same 
phenomenon  with  the  utmost  ease  and  perfect  dis- 
tinctness.f 

From  the  above  observations,  the  following  con- 
clusions are  deduced:  1.  That  Venus  may  be  dis- 
tinctly seen  at  the  moment  of  her  superior  con- 
junction, with  a  moderate  magnifying  power, 
when  her  geocentric  latitudei  at  the  time  of  con- 
junction exceeds  l^^o^,  or,  at  most,  1°  43'.  2, 
Tiiat  during  the  space  of  584  days,  or  about  nine- 


*  The  particulars  connected  with  this  observation,  and 
with  those  m;iile  on  tlie  other  planets,  and  on  stars  of  the 
(irst  and  second  magnitudes,  together  with  a  description  of 
the  instrument,  and  the  manner  ot'makin"  day  ohservations. 
are  recorded  in  Nicholson's  "Journal  of  Natural  Philoso 
phy,"  &c.,  for  October,  1813,  vol.  x.\xvi,  pp.  109  to  l'J8,  in  a 
communication  which  occupies  about  twenty  pages;  and 
also,  in  an  abridged  form,  in  the  "  JMonthly  Magazine,' 
"Annals  of  Philo.-ophy,"  and  other  periodical  journals  of 
that  period.  During  the  succeeding  winter  the  celebrated 
Mr.  Playfair,  professor  of  natural  philosophy  in  the  Univer 
sity  of  Edinburgh,  communicated,  in  his  lectures  to  the  sto 
dents,  the  principal  details  contained  in  that  communicalioL 
as  new  facts  in  astronomical  science. 

t  The  observations  stated  above  are  also  recorded  in  sc»> 
entitle  journals.  The  observation  of  the  16th  October, 
1819,  is  recorded  in  the  "  Edinburgh  Philosophical  Journal,' 
No.  V,  for  July,  1820,  pp.  191,193;  and  in  Dr.  Brewster's 
second  edition  of  "  Ferguson's  Astronomy,"  vol.  ii,  p.  Ill 
in  the  "  Monthly  Mapzine  "  for  August,  1820,  vol.  i,  p.  62. 
The  observation  of  March  11,  1822,  made  on  Venus  when 
near  the  inferior  conjunction,  is  recorded  at  large  in  th» 
"Edinburgh  Philosophical  Journal,"  No.  XIII,  July,  1622, 
pp.  177,  178,  &c. 

t  The  latitude  of  a  heavenly  body  is  its  distance  from  the 
ecliptic,  or  the  aj)parent  path  of  the  snn,  either  north  or 
south.  Its  geocetitric  latitude  is  its  latitude  as  seen  from  the 
earth.  Its  heliocentric  latitnde  is  its  latitude  as  viewed  from 
the  sun.     These  latitudes  seldom  coincide. 
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toen  months,  the  time  Venus  takes  in  movinjsr 
from  OHO  conjunction  of  the  sun  to  a  like  con- 
junction a^jaiii,  when  her  latitude  at  llie  iinif  of 
her  superior  conjunction  exceeds  1°  43',  she  may 
he  seen  by  7neans  of  an  equatorial  telescope  every 
char  day  imthnut  interruption,  except  at  the  nio- 
menl  of  iier  inferior  conjunction,  and  a  very  short 
(iine  l)efore  and  after  it,  a  circumstance  whicli 
lannot  be  affirmed  of  any  other  celestial  body,  the 
3un  only  excepted.  3.  Tliat  from  the  time  when 
Venus  ceases  to  be  visible,  prior  to  her  inferior 
conjunction,  on  account  of  the  smallness  of  her 
crescent  and  her  i  roximity  to  the  sun,  to  the  mo- 
ment when  she  may  a^Min  be  perceived  in  the 
day-time  by  an  equatorial  telescope,  there   elapses 


o-o -o- 


The  above  figure  will  illustrate  my  idea;  wjiere 
A  B  {F\g.  13)  represents  the  concave  curve  of  the, 
board  to  be  used  when  tlie  planet  is  in  south  lati- 


tude; C  D,  a  segment  of    the  apparent  diurnal 
a  period  of' only  two  days  and  twenty-two  hoiirs;  '  path   of  the   planet;  and  E  F,  a  segment  of  the 


or,  in  other  words,  Venus  can  never  he  hidden 
from  our  view  about  the  lime  of  her  inferior  con- 
junction for  a  longer  period  !han  seventy  hours. 
i.  That  during  the  space  of  584  days,  the  longest 
period  in  whicii  Venus  can  be  hid  ien  from  our 
view  under  any  circumstances,  excepting  a  cloudy 
atmosphere,  is  about  sixteen  days  and  a  half. — 
During  the  same  period,  this  planet  sometimes 
will  be  hidden  from  the  view  of  a  common  ob- 
server fur  the  space  of  five  or  six  monihs. 

One  practical  use  of  the  above  observations  is, 
that  they  may  lead  to  the  determination  of  the 
difference  (if  any)  between  the  polar  and  equato- 
rial diameters  of  this  planet,  which  point  has 
never  vet  been  determined.     It  is  well  known  that 


sun's  diurnal  arc.     Fig.  14,  represents  the  board 
Ficr.   14. 


Cq...o^-0"^"-^""^-0- 


D 


o 

^^   B 
^M   F 


to  be  used  when  the  planet  is  in  north  latitude, 
which  requires  no  further  description.  I  have 
given  the  above  brief  statement  of  the  observa- 
the  earth  is  of  a  spheroidal  figure,  having  its  polar  j  tions  on  Venus  because  they  are  not  yet  generally 
shorter  than  its  equatorial  diameter.  Jupiter,  I  known,  and  because  compilers  of  elementary 
Mars,  and  Saturn  have  also  been  ascertained  to  be  !  books  on  astronomy  still  reiterate  the  vague  and 
oblate  spheroids  and  the  proport'on  between  their  j  unfounded  assertion  that  it  is  impossible  to  see 
equatorial  and  polar  diameters  has  been  pretty  ac-  ,  tliis  planet  at  its  superior  conjunction,  when  it 
curately  determined.  As  Venus  is  found  to  have  i  presents  a  full  enlightened  hemisphere.  Tne  cii>> 
a  rotation  round  her  axis,  as  these  planets  have,  it  i  cumstance  now  ascertained  may  not  be  considered 


is  reasonable  to  conclude  that  she  is  of  a  similar 
figure.  It  is  impossible,  however,  to  determine 
this  point  when  she  is  in  those  positions  in  which 
she  has  generally  been  viewed;  as  at  such  times 
she  assumes  either  a  gibbous  phase,  the  form  of  a 
half  moon,  or  that  of  a  crescent,  in  neither  of 
which  cases  can  the  two  diameters  be  measured. 
I  am  therefore  of  opinion  that,  at  some  future 
conjunction,  when  her  geocentric  latitude  is  con- 
siderable, with  a  telescope  of  a  high  magnifying 
power,  furnished  with  a  micrometer,  this  point 
might  be  ascertained.  If  the  planet  is  then  view- 
ed at  a  high  latitude,  and  the  sky  serene,  its  disc 
wi  I  appear  sufficiently  luminous  and  well-defined 
for  this  purpose;  free  of  that  glare  and  tremulous 
aspect  it  generally  exliibits  when  near  the  horizon, 
whicli  makes  it  appear  larger  than  it  ought  to  do, 
arid  prevents  its  margin  from  being  accurately 
distinguished. 

Such  observations  require  a  considerable  degree 
of  attention   and   care,  and  various   contrivances 


as  a  fact  of  much  importance  in  astronorn}'.  It 
is  always  useful,  however,  in  every  department 
of  science,  to  ascertain  eveiy  fact  connected  with 
its  principles,  however  circumstantial  and  minute, 
as  it  tends  to  give  precision  to  its  language;  as  it 
enables  the  mind  to  take  into  view  every  parti'su- 
lar  which  has  the  least  bearing  on  any  object  of 
investigation;  and  as  it  may  ultimately  promote 
its  progress  by  leaciing  to  conclusions  which  were 
not  at  first  apprehended.  One  of  these  conclu- 
sions or  practical  uses  has  been  stated  above;  and 
another  conclusion  is,  that  such  observations  as 
now  referred  to  may  possibly  lead  to  the  discovery 
of  planets  yet  unknown  within  the  orbit  of  ^ler- 
cury,  wliich  circumstance  I  shall  take  occasion 
more  particularly  to  explain  in  the  sequel. 

Discoveries  made  by  the  Telescope  in  relation  to 
Venus. — The  first  circumstance  which  attracted 
the  attention  of  astronomers  after  the  invention 
of  the  telescope,  was,  the  variety  of  ]diases  which 
Venus     appeared    to    assume,    of    wliich    I    have 


for  occasionally  diminishing  the  aperture  of  the  j  already  given  a  description.  Nothing  further  was 
object-glass,  and  for  preventing  the  direct  rays  of  observed  to  distinguish  this  planet  until  more 
the  sun  from  entering  the   tube  of  the  telescope,    than   half  a  century  had  elapsed,  when  Cassini, 


In  order  to  view  this  jjlanet  to  advantage  at  any 
future  conjunction,  when  in  south  latitude,  it  will 
be  proper  to  fix  a  board,  or  any  other  thin  opaque 
substance,  at  a  considerable  distance  beyond  the 
object  end  of  the  telescope,  having  such  a  degree 
of  concave  curvature  as  shall  nearly  correspond 
with  a  segment   of  the   diurnal   arc   at  V  at  time 


a  celebrated  French  astronomer,  in  the  5-ears 
1GG6-7,  discovered  some  spots  on  its  surface,  by 
which  he  endeavored  to  ascertain  the  period  of  its 
revolution  round  its  axis.  October  14th,  16C6,  at 
five  Iiours  forty-five  minutes,  p.  m.,  he  saw  a  bright 
spot  near  the  limits  between  the  light  and  tha 
dark   side  of  tlie  planet,  not  far  from    its  center; 


described  by  the  sun,  with  its  lower  concave  edge  '  at  the  same  time  he  noticed  two  dark  oblong  spots 
at  an  elevation  a  small  degree  above  the  line  of  near  the  west  side  of  the  disc,  as  represented  in 
collimation  of  the  telescope,  when  adjusted  for  1  Fig.  15.  After  this  he  could  obtain  no  satisfac- 
viewing  the  planet,  in  order  to  intercept  as  much  as  tory  views  of  Venus  until  April  20th,  1G67, 
possible  the  solar  rays.  When  the  planet  is  in  nor</i  about  fifteen  minutes  before  sunrise,  when  he 
latitude,  the  curvature  of  the  board  must  be  made  1  saw  upon  the  disc,  now  half  enlightened,  a  bright 
convex,  and  placed  a  little  below  the  line  of  sight.  1  part,   distant   from    the    southe'-n    edge  about  a 
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fourth  part  of  tlie  diameter  of  the  disc,  and  near 
the  eastern  edge.  He  saw,  likewise,  a  darkish 
oblong  spot  toward  the  northern  edge,  as  in  i'ig. 
1().     At  sunrise  he  perceived  that  the  bright  part 

Fig.  15.  Fig.  IG. 


was  advanced  farther  from  the  southern  point 
than  when  lie  first  observed  it,  as  at  Fig.  17,  wiien 
he  had  the  satisfaction  of  finding  an  evident  proof 
of  the  planet's  motion.  Oa  the  next  day,  at  sun- 
rise, the  bright  spot  was  a-  good  way  ofl"  the  sec- 
tion, and  distant  from  the  southern  point  a  fourth 
part  of  the  diameter  of  th?  disc.  When  the  sun 
had  risen  six  degrees  above  the  horizon,  the  spot 
had  got  beyond  the  center.  When  the  sun  had 
risen  seven  degrees,  the  section  cut  it  in  halves, 
as  in  Fig.  18,  wliich  showed  its  motion  to  have 
some  inclination  toward  the  center.*     Several  ob- 


Fig   17. 


Fig.  18. 


servations  of  a  similar  kind  were  made  about  that 
time,  wliich  led  Cassini  to  the  conclusion  that  thp 
planet  revolves  about  its  axis  in  a  period  some- 
what more  than  twenty-three  hours.  From  this 
time,  for  nearly  sixty  years,  we  have  no  further 
accounts  of  spots  having  been  observed  on  the 
disc  of  Venus. 

In  the  year  1726,  Bianchini,  with  telescopes  of 
90  and  10(1  Roman  palms,  commenced  a  series  of 
observations  on  Venus,  and  published  an  account 
of  them  in  a  book  entitled,  '^  Hespcrl  et  Phospkori 
nova  Phenomenal  In  these  observations,  we  do 
not  find  that  anyone  of  them  w:is  coutiiuied  long 
enough  to  discover  any  change  yt'l  position  in  the 
spots  at  the  end  of  the  observation  from  what 
tliere  was  at  the  beginning;  but  at  the  distance 
of  two  and  of  four  days  he  found  the  same  spot 
advanced  so  far  that  he  concludiu!  it  must  have 
gone  round  at  the  nit'^  of  \^P  in  a  day.  This  ad- 
vance would  sliovv  that  Venus  turned  round  either 
once  in  about  twenty-four  days,  or  in  little  more 
than  twenly-three  hours,  but  would  not  dclerinine 
which  of  these  was  the  true  period.  For,  if  an 
observer,  at  a  given  hour,  supfiose  seven  in  the 
evening,  were  to  mark  the  exact  place  of  a  spot, 
aufl  at  the  same  hour  on  the  next  day  find  the  spot 
advanced  15°,  he  would  not  be  able  to  determine 

*  See  "  Philosophical  Transactions,"  abridged  by  Drs. 
Ilntton,  Shaw,  and  Pearson,  vol.  i,  part  2,  p.  217  ;  "  Journal 
des  Savans,"  vol.  i,  p.  21G;  and  "  Manoires  of  the  Royal 
Academy  of  Sciences." 


wheth.er  the  spot,  during  that  interval  of  twenty- 
four  hours,  had  ;idvanced  forward  only  15°,  or 
had  fniisaed  a  revolution,  and  15°  more  as  a  part 
of  another  rotation.*  Of  these  two  periods,  Bi 
anchiiii  concluded  that  the  rotation  was  accom- 
plished in  twenty-four  days  eight  hours.  Tha 
following  is  the  cliief,  if  not  the  only  observation, 
he  brings  forward  to  substantiate  his  conclusion 
He  saw  three  spots,  A,  B,  C,  in  the  situation 
represented  in  Fig.  19,  which  he  and  several  per- 
sons   of   distinction  viewed   for   about  an    hour 


when  they  could  discover  no  change  of  place  in 
their  appearance.  Venus  being  hidden  behind  the 
•Barbarini  palace,  their  view  was  interrupted  for 
nearly  three  hours,  at  the  end  of  which  they 
found  that  the  spots  had  not  sensibly  changed 
their  situation.  But  the  inference  from  this  ob- 
servation is  not  conclusive  for  the  period  cf 
twenty-four  days  eight  hours.  For,  during  the 
three  hours'  interruption,  the  spot  C  might  have 
gone  off  the  di.-c,  and  the  s])ot  B  moved  into  ifa 
place,  where,  bei'ig  near  the  eJgc,  it  would  appear 
less  than  when  in  the  nnddle;  A,  succeeding  into 
the  place  of  B,  would  appear  largf  r  than  it  did 
near  the  edge,  and  andthor  spot  might  have  come 
into  the  pluce  of  A.  For  that  there  were  other 
spots,  particularly  or.e  which,  by  th?  rotation  of 
Venus,  would  have  been  brought  into  tiie  p!i>ce  of 
A,  appears  by  llie  figures  given  by  Biauel'iini;  and 
if  so,  it  would  correspond  with  the  rotation  of 
twenty-three  hours  twenty  minutes  de  luced  by 
Cassini.  B;siJe,  it  is  impossible  to  malvc  obser- 
vations on  Venus  for  th.ree  or  four  hours  in  suc- 
cession, as  is  here  supposed,  without  the  help  of 
equatorial  instruments,  which  were  not  then  in 
use,  as  this  planet  is  s:  Idom  more  than  three 
hours  above  the  horizon  after  sunset;  and  when 
it  descends  witliiu  8°  or  10°  of  the  horizon,  it  is 
impossible  to  see  its  surface  Vvitli  any  degree  of 
di.stincfness,  on  account  of  the  brilliancy  of  its 
light,  and  the  undulaliiig  vapors  near  the  horizon, 
which,  in  some  cases,  prcveiit  even  its  phase  from 
being  accurately  distinguish.ed.  In  the  commu- 
nication in  "Nicholson's  Journal"  for  1813, 
already  referred  to,  I  have  shown  how  the  dispute 
in  reference  to  tlie  rotation  of  Venus  may  he 
settled,  by  commencing  a  scries  of  obsetralions 
on  this  planet  in  the  day-time,  when  its  spots,  if 
any  were  perceived,  could  be  traced  in  tiieir  mo- 
tion for  twelve  hfturs  or  more.  Mr.  Ferguson,  in 
his  astronomy,  by  adopting  the  conclusion  of  Bi- 
anchini, has  occupied  a  nuiuber  of  pages  in  de- 
scribing the  jihenoinena  of  Venus  on  this  suppo- 
sition, which  d^'scription  is  altogether  useless,  and 
conveys  erroneous  ideas  of  the  circumstances 
connected  with  this  planet,  if  the  period  deter- 
mined»by  Cassini  (as  is  most  probable)  be  correct 
Mr.  Schroet'u-,  formerly  mentioned,  who  has 
been  a  most  diligent  and  accurate  observer  of  ti>e 
heavens,  commenced  a  series  of  observations,  in 
order  to  deterjnine  the  daily  period  of  this  planet 

♦  See  some  particular  remarks  on  tliis  subject,  illnstra'ed 
with  a  figiiie,  in  my  volume  "On  the  Improvement  of  So- 
ciety," section  3. 
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He  observed  particularly  the  different  shapes  of 
tiie  two  lioriis.  of  Venus.  Tlieir  appearance  geiie- 
raily  varied  in  a  few  hours,  and  became  ne;irly 
the  same  at  the  eorrespondin';  lime  of  the  subse- 
quent diiy,  or,  riither,  about  ijulf  an  hour  sooner 
every  duy.  Hence  he  coiichided  that  tlie  period 
niuiit  be  about  twenty-three  hours  and  a  halJ';  that 
the  equator  of  the  planet  is  considerably  inclined 
lo  the  ecliptic,  and  its  pole  at  a  considerable  dis- 
tance from  the  point  of  the  horn.  From  several 
observations  of  this  kind  he  found  that  the  period 
of  rotation  must  be  twiMity-three  hours,  twenty- 
one  minutes,  or  only  one  minute  more  than  had 
been  assigned  by  Ga.ssini;  and  this,  we  have  rea- 
son to  believe,  is  about  the  true  period  of  this 
planet's  revolution  round  ils  axis,  being  thirt}'-five 
iniuutes  le^s  than  the  period  of  the  earth's  rota- 
tion, whicii  is  twenty- three  hours  fifty-six  mi- 
nutes. I  have  stated  these  observations  re.-pect- 
iug  the  rotation  of  Venus  at  some  length.,  because 
they  are  not  generally  known  to  common  readers 
on  this  subject,  or  noticed  in  modern  elementary 
books  on  astronomy,  and  that  the  general  reader 
ijiay  perceive  the  reason  of  the  uispufe  which  has 
arisen  among  astronomers  on  this  point. 

Mountains  oit.  Venus. — Jlr.  Schroi.ter,  in  his 
observations,  discovered  several  mountains  on  this 
planet,  and  found  that,  like  those  of  the  moon, 
they  were  always  highest  in  the  southern  hemi- 
sphere; their  perpenuicular  bights  being  nearly  as 
the  diameters  of  their  respective  planets.  From 
the  11th  of  December,  1789,  to  the  11th  of  Janu- 
ary, 1790,  the  southern  horn,  b  (Fig.  20),  appear- 
ed much  blunted,  with  an  enlightened  mountain. 


Fig.  20. 


Fig.  21 


I  northern  cusp  had  t!ie  same  tapering  termination, 
I  but  did  not  encroach  upon   the  dark   part  of  the 
I  disc.     A  streak,  however,   of  glimi!:eriiig  bluish 
I  light   proceeded   about  eight  secon.is   along   the 
dirk  line,  from  the  jioint  oi  the  cusp,  from  6  to  c 
I  (I'ig.  21),  b  k'iiig  the  extremity  of  the  diameter 
•  of  a  b,  and  consequently,  the  natural  termination 
of  the  cusp.     'I'lie   streak    b  c,  verging   to   a   pal^ 
gray,  was  faint  when  compared  with  the  light  of 
j  the   cusp  at  6.     1  was  struck  with   a  similar  a]>- 
:  pearancewhen  observing  Venus,  when  only  thirty- 
j  five  hours  past  her  inferior  conjunction,  on  March 
111,  lfc22,  as  formerly  noticed  (p.  o2).     One  of  tiio 
!  cusps,  at  least,  appeared  to  project  into   Ihe  dark 
I  heitiisphcre,  like  a  fine  lucid   thread,  beyond  the 
j  iurnihoiis    semicircle.      This    phenomenon    Mr. 
rtehroeter  considers  as  the  twiiigtU,  or  crej)aseular 
ligiit   of  Venus.     From   these   and  various  other 
observations,  which  it  would  be  too  t^uious  to  de- 
tail, he  concludes,  on  the  ground   of  various  cal- 
culations, that  the  fiense  part  of  the  atmosphere 
of  Venus  is  about  16,020  feet,  or  somev;hat  above 
three  miles  high;  that  it  must  vi-e  far  above  the 
highest  mountains;  that   it   is  more   opaque  than 
that  of  the  moon;  and  that  its  density  is  a  suffi- 
cient reason  why  we  do  not  discover  on  the  sur- 
face of  Venus  those  su})erficial  shades  and  varie- 
ties of  api)earance  which  are  to   be  seen  ou  the 
other  planets.  » 

Dot/  Obserimiinns  on  Venus. —  The  most  dis- 
tinct and  satisfactovy  views  1  have  ever  obtained 
of  this  planet  were  taken  at  noonday,  or  between 
tlie  hours  of  ten  in  the  morning  and  two  iii  tlio 
afternoon,  when  it  happened  to  be  at  a  high  ele- 
vation above  the  horizon,  which  is  generally  tiie 
case  during  the  summer  months.  The  light  of 
this  plani't  is  so  brilliant,  that  its  surface  ami  mar- 
gin seldom  appear  we!l-d.'tined  in  the  eveniog, 
even  with  the  best  telescopes.  But  in  the  day- 
time its  disc  and  margin  present  a  .Miarp  and  well- 
defined  aspect  with  a  good  achromail".  telescope, 
and  almost  completely  free  of  those  undulations 
which  obscure  its  surface  when  near  the  horizon. 
The  following  figure  (No.  1)  represents  one  of 
the  appearances  of  Venus  which  1  have  frequent- 
ly seen  in  the  day-time  when  viewing  this  planet 
at  a  high  altitude  and  in  a  serene  sky,  when  near 
the  meridian,  by  means  of  a  three-and-a-half  feet 
achromatic  telescope,  magnifying  about  150  times. 


Fig.  22. 


m,  in  the  dark  hemisphere,  which  he  estimated  at 
about  18, .300  toises,  or  nearly  twenty-two  miles 
in  perpendicular  hight.  It  is  quite  obvious  that 
if  such  a  bright  .spot  as  here  represented  was 
reguUirlj'  or  periodically  seen,  it  must  indicate  a 
very  high  elevation  on  the  surface  of  the  planet, 
and  its  precise  hight  will  depend  upon  its  distance 
from 'the  illuminated  portion  of  the  disc,  or,  in 
other  words,  the  length  of  its  shadow.  It  is  pre- 
cisely in  such  a  way  that  the  mountains  in  the 
moon  are  distinguished.  Mr.  Schroeter  measured 
the  altitude  of  other  three  Uiountaius,  and  obtain- 
ed the  rollowing  results:  hight  of  th.e  first,  tiine- 
teen  miles,  or  about  five  times  the  hight  of  Cliim- 
borazo;  hight  of  the  second,  eleven  miles  and  a 
half;  and  of  the  third,  ten  miles  and  three  quar- 
ters. These  estimates  may,  perhaps,  require  cer- 
tain corrections  in  future  observations. 

Atmosphere  of  Venus. —  From  several  df  Mr. 
Schroeler's  observations,  he  concludes  that  Venus 
has  an  atmosphere  of  consiilcrable  extent.  On  tlie 
10th  of  September,  1791,  he  observed  that  the 
southern  cusp  of  V^enus  disappeared,  and  was  bent 
like  a  hook  about  eight  seconds  beyond  the  lumi- 
nous semicircle  into  the  dark  hemisphere.     The 


The  exterior  curve  of  the  planet,  as  here  ex- 
hibited, appeared  far  more  lucid  and  bright  than 
the  interior  portion.  It  was  not  a  mere  stripe  or 
luminous  margin,  but  a  broad  semicircle,  of  a 
breadth  nearly  one-third  of  the  semidiameter  of 
the  planet.  It  appeared  as  if  it  were  a  kind  of 
table-land,  or  a  more  elevated  portion  of  the  pla- 
net's surface,  while  the  interior  atid  darker  part 
appeared  more  like  a  plain,  diversified  with  ine- 
qualities, and  two  large  spots,  somewhrit  darker 
tlian  the  other  parts,  were  faintly  marked.  The 
appearance  was  somewhat  similar  to  that  of  cer- 
tain portions  of  the  level  parts  of  the  moon  which 
lie  adjacent  to  a  ridge  of  mountains  or  a  range  ol 
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elevated  ground.  I  have  exliibitL'd  tliis  vi(.>w  of 
V^enus  at  diifei-eut  tiin(?s  lo  various  iiuiiviiluals, 
and  even  those  not  accustomed  to  look  tliroufjli 
telescopes  could  plaialy  perceive  it.  I  cousidi;r  it 
as  a  corroboration  of  the  fact,  tliut  mouiituins  of 
great  elevation  exist  on  the  surface  of  this  planet. 
I'iiere  appeared  likewise  some  slight  indentations 
in  the  boundary  which  separated  the  dark  from 
the  enliglitened  heniisph;M-e,  which  circumstance 
leads  to  tlie  same  conclusions.  If  the  whole  hemi- 
sphere of  the  planet  had  been  enlightened,  it 
would  probably  have  appeared  as  in  No.  2.  On 
the  whole,  I  am  of  opinion  that  future  discoveries 
in  relation  to  Venus  will  be  chiefly  made  in  the 
day-time,  by  large  telescopes  adapted  to  equato- 
rial machiner}',  when  such  instruments  shall  be 
brought  into  use  more  than  they  hnve  hitherto 
been.  Venus,  however,  is  the  only  planet  on 
which  usefid  observations  can  be  made  in  the  day- 
time; for  although  several  of  the  other  planets 
can  be  perceived,  even  at  noonday,  particularly 
Jupiter,  yet  they  present  a  very  obscure  and 
cloudy  appearance  compared  witii  V'enus,  on  ac- 
count of  the  comparatively  small  quantity  of  solar 
light  which  falls  upon  their  surfaces. 

Supposed  Satellite  of  Venus. — Several  astrono- 
mers have  been  of  opinion  that  Venus  is  attended 
with  a  satellite,  although  it  is  seldom  to  be  seen. 
It  may  not  ba  improper  to  give  the  reader  an 
abridged  view  of  the  observations  on  which  this 
opinion  is  founded,  that  he  may  be  able  to  judge 
for  himself.  The  celebrated  Cassiui,  who  disco- 
vered the  rotation  of  Mars,  Jupiter,  and  Venus, 
and  four  of  the  satellites  of  Saturn,  was  the  first 
who  broached  this  opinion.  The  following  is 
his  account  of  the  observations  on  which  it  is 
founded: 

"  16^6,  August  18,  at  fifteen  minutes  past  four 
in  the  morning,  looking  at  Venus  with  a  telescope 
of  thirty-four  leet,  I  saw  at  t!ie  distance  of  three- 
fifths  of  her  diameter,  eastward,  a  luminous  aj)- 
pcarance,  of  a  shape  not  well-defined,  that  seemed 
to  have  the  same  phase  with  Venus,  wliich  was 
then  gibbous  on  the  western  side.  Tlie  diameter 
of  this  phenomenon  was  nearly  equal  to  a  fourth 
part  of  the  diameter  of  Venus.  1  observed  it  at- 
tentively for  a  quarti'r  of  an  hour,  and  having 
left  ofT  looking  at  it  for  four  or  live  minutes,  1 
saw  it  no  more;  but  daylight  was  then  advanced. 
I  had  seen  a  like  phenomenon,  whioh  resembled 
the  phase  of  Venus,  on  January  25,  1672,  from 
fifty-two  minutes  after  six  in  the  morning  to  two 
minutes  after  seven,  when  the  brightness  of  the 
twilight  caused  it  to  disappear.  A'enus  was  then 
horned,  and  this  phenomenon,  the  diameter  of 
which  was  nearly  a  fourth  part  of  the  diameter 
of  Venus,  was  of  the  same  shape.  It  was  distant 
from  the  southern  horn  of  Venus,  a  diameter  of 
Venus  on  the  western  side.  In  these  two  obser- 
vations I  was  in  doubt  whether  it  was  not  a  satel- 
lite of  Venus,  of  such  a  consistence  as  not  to  be 
very  well  fitted  to  reflect  the  light  of  the  sun,  and 
which,  in  magnitude,  bore  nearly  the  same  pro- 
porti.in  to  Venus  as  the  moon  does  to  the  earth, 
being  at  'he  same  distance  fro!n  the  sun  and  the 
earth  as  Venus  was,  the  phases  of  which  it  resem- 
bled." 

In  the  year  1740,  October  23,  at  sunrise,  Mr. 
Short,  with  a  reflecting  telescope  of  sixteen  inches 
and  a  half,  which  magnified  about  sixty  times, 
perceived  a  small  star  at  tlie  distance  of  about  ten 
seconds  from  Venus;  and,  putting  on  a  magnify- 
ing power  of  21'J  times,  he  found  the  star  put  on 
the  phase  of  Venus.  He  tried  another  magnify- 
ing power  of  I'KJ  times,  and  even  then  foun  1  the 
Vtav  to  hat  e  the  same  phase.     Its  diameter  seemed 


about  a  tiiird  of  the  diameter  of  Venus.  Its  light 
was  not  so  bright  or  viviii,  but  exceei.ingly  sharp 
and  well-defined.  A  line  passing  through  the 
center  of  V'enus  and  it  made  an  angle  witii  the 
equator  of  about  twenty  degrees.  He  saw  it,  for 
the  sj)ace  of  an  hour,  several  times  that  morning; 
but,  the  light  of  the  sun  increasing,  he  lost  it 
about,  a  quarter  of  an  hour  after  eigiil.  Hi  says 
he  looked  for  it  every  clear  morning  after  this,  but 
never  saw  it  again.* 

A  similar  phenomenon  is  described  as  having 
been  seen  by  Baudouin,  Montaigne,  Rodkier, 
Montbarron,  and  other  astronomers,  and,  from 
their  observations,  the  celebrated  M.  Lambert,  in 
the  "Memoirs  of  the  Academy  of  Berlin"  for 
1773,  gave  a  theory  of  the  satellite  of  Venus,  ip 
which  he  concludes  that  its  period  is  eleven  days, 
five  hours,  and  thirteen  minutes;  the  inclination 
of  its  orbit  to  the  ecliptic,  6.3;*4°;  its  distance  frorr. 
Venus,  66}'o  radii  of  that  planet;  and  its  magni- 
tude, 4-27  of  that  of  Venue,  or  nearly  equal  tc 
that  of  our  moon.  There  is  a  singular  consis- 
tency in  these  observations,  which  it  is  difficult  to 
account  for  if  Venus  have  no  satellite.  Astrono- 
mers expected  tliat  such  a  holy,  if  it  existed, 
would  be  seen  as  a  small  dark  spot  upon  the  sun 
at  the  time  of  the  transits  of  Venus  in  1761  and 
17G9;  but  no  such  phenomenon  seCms  to  have 
been  noticed  at  those  times  by  :uiy  of  the  obser- 
vers. Lambert,  however,  maintains,  from  the 
tables  he  calculated  in  relation  to  this  body,  that 
the  satellite,  if  it  did  exist,  might  not  have  passed 
over  the  sun's  disc  at  the  time  of  the  transits,  but 
he  expected  that  it  might  be  seen  alone  on  the 
sun  when  Venus  passed  near  that  luminary. 

The  following  is  a  particular  account  of  tne 
observations  made  by  Mr.  Montaigne: — May  3, 
1769,  he  perceived,  at  twenty  minutes  distance 
from  Venus,  a,  small  crescent,  with  the  horns 
pointing  the  same  way  as  those  of  Venus.  Its 
diameter  was  a  fourth  of  that  of  its  primary;  and 
a  line  drawn  from  '\'enus  to  the  satellite  made, 
b:-low  Venus,  an  angle  with  the  vertical  of  about 
tw^Mity  degrees  tovv'ard  the  south,  as  in  Fig.  22. 
No.  3,  where  Z  N  represents  the  vertical,  and  E 
C  a  parallel  to  the  ecliptic,  malting  then  an  anyle 
with    the   vertical    of   forty-five  degrees.      Tlie 

Fig.  22.— No.  3. 
North. 


South. 


numbers  3,  4,  7,  11,  mark  the  situations  of  the 
satellite  on  the  respective  daj-s.  May  4th,  at  the 
same  hour,  he  saw  the  same  star,  distant  from 
Venus  about  one  minute  more  than  before,  and 


*  "  Philosopliical    Trnnsactions,"  No.   459,  for  January 
February  and  March,  IWl. 
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making  an  angle  vvif.li  the  vnrtical  of  ten  degrees 
below,  but  on  liie  iiortli  side;  so  that  tlje  satellite 
seemed  to  have  described  an  arc  of  about  thirty 
degrees,  whereof  Venus  was  the  center,  and  the 
radius  twenty  minutes.  The  two  following  nights 
being  hazy,  Venus  could  not  be  seen.  But  May 
7th,  at  the  same  hour  as  on  the  preceding  days, 
he  saw  the  satellite  again,  but  above  Venus,  and 
on  the  north  side,  as  represented  at  7,  between 
twenty-five  and  twenty-six  minutes,  upon  a  line 
which  made  an  angle  of  forty-live  degrees  witli 
the  vertical  toward  the  right  hand.  It  appears  by 
the  figure  that  the  points  .3  and  7  would  liave  been 
diametrically  opposite  if  the  satellite  had  gone 
fifteen  degrees  more  round  the  central  point  where 
Venus  is  represented.  May  11th,  at  nine  o'clock, 
p.  M.,  the  only  night  when  the  view  of  the  planet 
was  not  obscured  by  moonlight,  twilight,  or 
clouds,  the  satellite  appeared  nearly  at  the  same 
distance  from  Venus  as  before,  making,  with  the 
vertical,  an  angle  of  forty-five  degrees  toward  the 
south,  and  above  its  primary.  I'hc  light  of  the 
satellite  was  always  very  weak;  but  it  had  always 
the  same  phase  with  its  primary,  whether  viewed 
with  it  in  the  field  of  tlie  telescope  or  alone  by 
itself.  He  imagined  that  the  reason  why  the 
satellite  had  been  so  frequently  looked  for  without 
success  might  be,  that  one  part  of  its  globe  was 
crusted  over  with  spots,  or  otherv/i.se  unfit  to 
reflect  the  light  of  the  sun  with  any^degree  of 
brilliancy,  as  is  supposed  to  be  the  case  with  the 
fifth  satellite  of  Saturn. 

It  is  evident  that,  if  Venus  have  a  satellite,  it 
must  be  diflicult  to  be  seen,  and  can  only  be  per- 
ceived in  certain  favorable  positions.  It  cannot 
be  seen  when  nearly  the  whole  of  its  enlightened 
hemisphere  is  turned  to  the  earth,  on  account  of 
its  great  distance  at  such  a  time,  and  its  pro.ximity 
to  the  sun;  nor  could  it  be  expected  to  be  seen 
when  the  planet  is  near  its  inferior  conjunction, 
as  it  would  then  present  to  the  earth  only  a  very 
slender  crescent,  beside  being  in  the  immediate 
neighborhood  of  the  sun.  The  best  position  in 
which  such  a  body  might  be  detected  is  near  the 
time  of  the  planet's  greatest  elongation,  and  when 
it  would  appear  about  half  enliglitened.  If  the 
plane  of  its  orbit  be  nearly  coincident  with  the 
plane  of  the  planet's  orbit,  it  will  be  frequently 
hidden  by  the  interposition  of  the  body  of  Venus, 
and  likewise  when  ])assing  along  her  surface  in 
the  opposite  point  of  its  orbit;  and  if  one  side  of 
this  body  be  unfitted  for  reflecting  much  light,  it 
will  account  in  part  for  its  being  seldom  seen. 
It  is  not  sufficient  in  this  case,  to  say,  as  Sir  David 
Brewster  has  done,  "  that  Mr.  Wargentin  had  in 
his  possession  a  good  achromatic  telescope,  which 
always  showed  Venus  wilh  such  a  satellite,  and 
that  the  deception  was  discovered  by  turning  tlie 
telescope  about  its  axis."  For  we  cannot  suppose 
that  such  accurate  obsen^ers  as.  those  mentioned 
above  would  liave  been  deceived  by  such  an 
optical  illusion;  and,  beside,  the  telescopes  which 
were  used  in  the  observations  alluded  to  were 
both  refractors  and  reflectors,  and  it  is  not  likely 
that  both  kinds  of  instruments  would  produce  an 
illusion,  especially  when  three  different  powers 
were  applied,  as  in  Mr.  Short's  observations. 
Were  the  attention  of  astronomers  more  particu- 
larly directed  to  this  point  than  it  has  hitherto 
been;  were  the  number  of  astronomical  observers 
increased  to  a  much  greater  degree  than  at  pre- 
sent; and  were  frequent  observations  on  this 
p!a:iet  made  in  the  clear  and  serene  sky  of  tropi- 
cal climes,  it  Is  not  improbable  that  a  decisive 
epinion  might  soon  be  formed  on  this  point;  and, 
if  a  satellite  were  detected,  it  would  tend  to  pro- 


mote the  progress  and  illustrate  the  deductions 
of  physical  aslroiioniy.  It  is  somewhat  proba- 
ble, reasoning  a  priori,  that  Venus,  a  planet  nearly 
as  large  as  the  earth,  and  in  its  immediate  neigh- 
borhood, is  accompanied  by  a  secondary  attendant. 
Transits  of  Venus. — This  planet,  when  in  cer- 
tain positions,  is  seen  to  pass  like  a  round  black 
spot  across  the  disc  of  the  sun.  These  transits, 
as  they  are  called,  are  of  rare  occurrence,  and 
take  place  at  intervals  of  8  and  113  years.  If  the 
plane  of  the  orbit  of  Venus  exactly  coincided 
with  that  of  the  earth,  a  transit  would  happen  at 
regular  intervals  of  little  more  than  nineteen 
months;  but  as  one-half  of  this  planet's  orbit  is 
three  degrees  and  a  lialf  below  the  plane  of  the 
earth's  orbit,  and  the  other  half  as  much  above  it, 
a  transit  can  only  take  place  when  it  happens  to 
be  in  one  of  the  nodes,  or  intersections  of  the 
orbits,  about  the  time  of  its  inferior  conjunctioiu 
These  transits  of  Venus  are  phenomena  of  very 
great  importance  in  astronomy,  as  it  is  owing  to 
the  observations  which  have  been  made  on  them, 
and  the  calculations  founded  .on  these  observa- 
tions, that  the  distance  of  the  sun  has  been  very 
nearly  ascertained,  and  the  dimensions  of  the 
planetarj'  system  determined  to  a  near  approxi- 
mation to  the  truth.  It  w^'ould  be  too  tedious  to 
euter  into  a  particular  explanation  of  the  process 
and  calculations  connected  with  this  subject,  and, 
therefore,  I  shall  only,  in  a  few  words,  explain  the 
principle  on  which  the  deductions  are  founded. 
Suppose  B  A  (Fig.  2.3)  to  represent  the  earth;  v, 
Venus;  and  iS  the  sun.  Suppose  two  specta- 
tors, A  and  B,  at'  opposite  extremities  of  that 
diumeter  of  the  earth  which  is  perpendicular  ta 

Fig.  23. 


the  ecliptic;  then,  at  the  moment  when  the  ob- 
server at  B  sees  the  center  of  the  planet  projected 
at  D,  the  observer  at  A  will  see  it  projected  at  C. 
If,  then,  the  two  observers  can  mark  the  precise 
position  of  Venus  on  the  sunis  disc  at  any  given 
moment,  or  note  the  precise  time  of  ingress  or 
egress  of  tlie  planet,  the  angular  measure  of  CD, 
as  seen  from  the  earth,  might  be  ascertained. 
Since  A  C  and  B  D  are  straight  lines  crossing 
each  other  at  v,  they  consequently  make  equal 
angles  on  each  side  of  the  point  v,  and  C  I)  will 
be  to  i?  ^  as  the  distance  of  ^'enus  from  the  sun 
is  to  her  distance  from  the  earth;  that  is,  as  68  to 
27,  or  nearly  as  2).o  to  1;  for  Veims  is  68  millions 
of  miles  from  the  sun,  and  27  millions  from  tlie 
earth,  at  the  time  of  a  transit  or  an  inferior  con- 
junction. C  D,  therefore,  occupies  a  space  on 
the  sun's  disc  2^2  times  as  great  as  the  earth's 
apparent  diameter  at  the  distance  of  the  sun,  or, 
in  other  words,  it  is  equal  to  five  times  the  sun's 
horizontal  parallax;  and,  therefore,  any  error  that 
might  occur  in  measuring  it  will  amount  to  only 
one-fifth  of  that  en  or  on  the  horizontal  parallax 
that  may  be  deduced  from  it;  and  it  is  on  the 
ground  of  this  parallax  that  the  distance  of  the 
sun  is  determined.  The  result  of  all  the  observa- 
tions made  on  the  transits  which  happened  in 
1761  and  17G9,  gives  about  S^o  seconds  as  the 
horizontal  parallax  of  the  sun,  which  makes  his 
distance  95  millions  of  miles.  The  distance  is 
considered  by  the  most  enlightened  astronomers 
as  within  one-fiftieth  part  of  the  true  distance  of 
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the  sun  from  the  earth;  so  that  no  future  obser- 
vations will  alter  tins  distance  so  as  to  increase  or 
diminish  it  by  more  than  two  millions  of  miles. 

The  future  transits  of  Venus  for  the  next  400 
years  are  as  follows: 

Hours.   Minutes. 

1874,  December  'Jth 4     8  a.  m. 

1862,  December  6lh 4  16  p.  m. 

•   2004,  June  Sth 8  51  a.  m. 

2012,  June  ^tli 1    17  a.m. 

2117,  December  11th 2  57  a.  m. 

2125,  December  Sth 3     9  p.  m. 

2247,  June  lith 0  21  p.  m. 

2255,  JimeDlh 4  44  a.m. 

Some  of  these  transits  will  last  nearly  seven 
hours.  The  next  two  transits  will  not  be  visible 
throughout  their  whole  duration  in  Britain  or  in 
most  countries  in  Europe.  Such  was  the  im- 
portance attached  to  the  observations  of  the  last 
transits,  in  1761  and  1769,  that  several  of  the  Eu- 
ropean states  fitted  out  expeditions  to  diiTerent 
parts  of  the  world,  and  sent  astronomers  with 
them,  to  make  tlie  requisite  observations.  This 
was  one  end,  among  others,  of  the.  celebrated  ex- 
pedition of  Captain  Cook,  in  1769,  to  the  islands 
of  the  Pacific  Ocean;  and  the  transit  was  ob- 
served in  Tahiti,  now  so  celebrated  on  account  of 
the  moral  revolution  which  has  lately  taken  place 
among  its  inhabitants. 

Magnitude  and  Extent  of  Surface  on  this  I'lanet. 
— The  diameter  of  Venus  has  been  computed  at 
about  7800  miles;  and,  consequently,  its  surface 
contains  191,134,944,  or  above  191  millions  of 
square  miles.  Taking,  as  formerly,  the  popula- 
tion of  England  as  a  standard,  this  planet  would 
contain  a  number  of  inhabitants  equal  to  more 
than  53,500  millions,  or  nearly  sixty-seven  times 
the  population  of  our  globe.  It  does  not  appear 
that  any  great  quantity  of  water  exists  upon  this 
planet,  otherwise  there  would  be  a  greater  con- 
trast between  the  different  parts  of  its  surface,  the 
water  presenting  a  much  darker  hue  than  the 
land.  For,  if  from  a  high  mountain  we  survey  a 
scene  in  which  a  portion  of  a  large  river  or  of 
the  ocean  is  contained,  when  the  sun  is  shining 
on  all  the  objects,  we  shall  find  that  the  water 
presents  a  much  darker  appearance  than  the  land, 
as  it  absorbs  the  greater  part  of  the  rays  of  light, 
except  in  a  few  points  between  our  eyes  and  the 
sun,  where  his  rays  are  reflected  from  the  surface 
of  the  fluid;  but  these  partial  reflections  would 
be  altogether  invisible  at  the  distance  of  the 
nearest  planet.  It  is  pretty  evident,  however, 
from  what  has  been  formerly  stated,  that  tliere  is 
a  great  diversity  of  surface  on  this  planet;  and  if 
some  of  its  mountains  be  more  than  twenty  miles 
in  elevation,  they  may  present  to  vtew  objects  of 
sublimity  and  jfrandeur,  and  from  their  summits 
ejctcnsive  and  diversified  prospects  of  which  we 
can  form  no  adequate  conception.  So  that  Ve- 
nus, although  a  small  fraction  smaller  than  the 
cai-th,  may  hold  a  rank  in  the  solar  system,  and 
in  the  empire  of  the  Almighty,  in  point  of  popu- 
lation and  sublimity  of  scenery,  far  surpassing 
that  of  the  world  in  which  we  dwell. 

Having  dwelt  so  long  on  the  phenomena  of  this 
planet,  I  shall  state  only  the  following  adalionel 
particulars:  The  quantity  of  light  on  Venus  is 
nearly  twice  as  great  as  that  on  the  earth,  which 
will,  "doubtless,  have  the  effect  of  causing  all  the 
colors  reflected  from  the  ditTerent  parts  of  the 
scenery  of  that  planet  to  present  a  more  vivid, 
rich,  and  magnificent  appearance  than  with  us. 
It  is  orobable,  too,  that  a  great  proportion  of  the 
ol)jects  en  its  surface  are  fitted  to  reflect  the  solar 


rays  with  peculiar  splendor;  for  its  light  is  so  in- 
tense as  to  be  distinctly  seen  by  telescopes  in  the 
day-time;  and,' during  night,  the  eye  is  so  over- 
povi'ered  by  its  brilliancy  as  to  prevent  its  surface 
t>\id  margin  from  being  distinctly  perceived.  Wero 
we  to  indulge  our  imaginations  on  this  subject, 
this  circumstance  might  lead  us  to  form  \'uriou3 
conceptions  of  the  glory  and  magnificence  of  the 
diversiiied  objects  which  may  be  presented  to  the 
view  of  the  intellectual  beings  who  inhabit  this 
world;  but,  in  the  meantime,  we  have  no  suffi- 
cient data  to  warrant  us  in  indulging  in  conjec- 
tural speculations.  The  apparent  size  of  the  sun 
as  seen  from  Venus,  compared  with  his  magnitude 
as  seen  from  the  earth,  is  represented  in  fig.  24, 
the  larger  circle  showing  the  size  of  the  sun  from 
Venus. 

Fig.  24. 


With  regard  to  the  heat  in  this  planet,  according 
to  the  principles  and  facts  formerly  stated  (page 
28),  it  may  he  modified  by  the  constitution  of  its 
atmosphere  and  the  nature  of  the  substances 
which  compose  its  surface,  so  that  its  intensity 
may  not  be  so  great  as  we  might  imagine  from 
its  nearness  to  the  sun.  Even  on  the  supposition 
that  the  intensity  of  the  heat  of  any  body  is 
inversely  as  the  square  of  its  distance  from  the 
sun,  it  has  been  calculated  that  the  greatest  heat 
in  Venus  exceeds  the  heat  of  St.  Thomas,  on  the 
coast  of  Guinea,  or  of  Sumatra,  about  as  much 
as  the  heat  in  those  places  exceeds  that  of  the 
Orkney  Islands  or  that  of  the  city  of  Stockholm; 
and,  therefore,  at  60  degrees  north  latitude  on  that 
planet,  if  its  axis  were  perpendicular  to  the  plane  . 
of  its  orbit,  the  heat  would  not  exceed  the  greatest 
heat  of  the  earth,  and,  of  course,  vegetation  like 
ours  could  be  carried  on,  and  animals  of  a  ten-es- 
trial  species  might  subsist.  But  we  have  no  need 
to  enter  into  such  calculations  in  order  to  prove 
the  habitability  of  Venus,  since  the  Creator  has, 
doubtless,  in  this  as  well  as  in  every  other  case, 
adapted  the  structure  of  the  inhabitant,  to  the 
nature  of  the  habitation. 

In  addition  to  the  above,  the  following  facts 
may  be  stated:  Venus  revolves  in  :■;!  orbit  which 
is  433,800,000  of  miles  in  circumference  in  the 
space  of  224  days  16  hours;  its  rate  of  motion  is 
therefore  about  eighty  thousand  miles  every  hour; 
one  thousand  three  hundred  and  thirty  miles  every 
minute,  and  above  twenty-two  miles  every  sec- 
ond. Its  distance  from  the  sun  is  68  millions  of 
miles;  and  its  distance  from  the  earth,  wheH 
nearest  us,  is  about  27  millions  of  miles,  which 
is  the  nearest  approach  that  any  of  the  heavenly 
bodies  (except  the  moon)  make  to  the  earth.  Yet 
this  distance,  when  considered  by  itself,  is  very 
great;  for  it  would  require  a  cannon  ball  six  years 
and  three  months  to  move  from  the  earth  to  the 
nearest  point  of  the  orbit  of  Venus,  although  it 
were  flying  every  moment  at  the  rate  of  500  miles 
an  hour,  or  12,000  miles  a  day.  Were  tlie  en- 
lightened hemisphere  of  the  planet  turned  to  the 
earth  when  it  is  in  this  nearest  point  of  its  orbit, 
it  would  appear  like  a  brilliiint  moon,  twenty-fiv«» 
times  larger  tlian  it  generally  docs  to  the  naker 
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eye;  but  at  that  time  its  light  side  is  turned  to    inch;  whereas,  if  its  diameters  bore  the  sanio  pro- 
the  sun  and  away  from  the  earth.     At  its  greatest    portion  to  eacli  other  as  the   two  diameters  of  an 
aistance  from  us  it  is  163  millions  of  miles  from    orange  generally  do,  its  polar  diameter  would  be 
the  earth.     The  period  of  its  greatest  bru/htness    nearly  one  foot  three  inclies  shorter  than  its  equa 
is  when  it  is  about  forty  degrees  from  the  sun,    torial. 

either  be-fore  or  after  its  inferior  conjunction,  at :  Before  the  time  of  Newton,  it  was  never  sus 
which  time  there  is  only  about  one-fourth  part  of  pected  that  the  figure  of  the  earth  differed  in  any 
its  disc  that  appe-irs  enlightened,  lu  this  position  degree  from  that  of  a  peri'ect  sphere,  excepting 
it  may  sometimes  be  seen  with  the  naked  eye  even  the  small  inequalities  produced  by  the  mountains 
amid  the  splendors  of  noonday.  In  the  evening  and  vales.  The  first  circumstance  vi'hich  led  to 
it  casts  a  distinct  shadow  on  a  horizontal  plane,  the  determination  of  its  true  figure  was  an  acci- 
Sir  John  Herschel  remarks,  that  this  shadow,  to  dental  experiment  made  with  a  pendulum  near 
be  distinguished,  "  must  be  thrown  upon  a  white  the  equator.  M.  Richer,  a  Frenchman,  in  a  voy- 
ground.  An  open  window  in  a  whitewashed  age  made  to  Cayenne,  which  lies  near  the  equa- 
room  is  the  best  exposure;  in  this  situation  I  have  tor,  found  that  the  pendulum  of  his  clock  no 
observed  not  only  the  shadow,  but  the  aifiracted  longer  made  its  vibrations  so  frequently  as  in  the 
fringes  edging  its  outline."  The  density  of  Ve-  !  latitude  of  Paris,  and  that  it  was  absolutely  neces- 
nus  compared  with  that  of  the  sun  is  as  1  to  •  sary  to  shorten  it  in  order  to  make  it  agree  with 
383,137,  according    to    La  Place's    calculations, !  the  times  of  the  stars  passing  the  meridian.     Some 


while  that  of  the  earth  is  as  1  to  329, (i30;  so  that 
the  earth  is  somewhat  denser  tlian.  Venus.  A 
body  weighing  one  pound  on  the  earth  will  weigh 
only  15  oz.  lO  dr.  on  the  surface  of  Venus.  The 
eccentricity  of  the  orbit  of  Venus  is  less  than  that 
of  any  of  the  other  ])lanets;  it  amounts  to  492,0110 
miles,  which  is  only  tlie  l-276thpart  of  the  diame- 
ter of  its  orbit,  which,  consequently,  approaches 
very  nearly  to  a  circle.  The  inclination  of  its 
orbit  to  the  ecliptic  is  3°  23'  33".  Its  mean  ap- 
parent diameter  is  17",  and  its  greatest  about 
57i<j".  Its  greatest  elongation  from  the  sun  va- 
ries from  450  to  470  12'.  Its  mean  arc  of  retro- 
yradation,  or  when  it  moves  from  east  to  west, 
contrary  to  the  order  of  the  signs,  is  16°  12',  and 
its  mean  duration  forty-two  days,  commencing  or 
ending  when  it  is  about  28°  48'  distant  from  the 
iun.  Such  is  a  condensed  view  of  most  of  the 
facts  in  relation  to  Venus  which  may  be  consid- 
ired  as  interesting  to  the  general  reader. 

III.  OF  THE  EARTH,  CONSIDERED  AS  A  PLANET. 

In  exhibiting  the  scenery  of  the  heavens,  it  is 
not  perhaps  absolutely  necessary  to  enter  into  any 
particular  description  of  the  earth;  but  as  it  is 
the  only  planetary  body  with  which  we  are  inti- 
mately acquainted, and  the  only  standard  by  which 
we  can  form  a  judgment  of  the  other  planetary 
globes,  and  as  it  is  connected  with  them  in  the 
same  sj-stem,  it  may  be  expedient  to  state  a  few 
facts  in  relation  to  its  figure,  motion,  structure, 
and  general  arrangements. 

The  earth,  though  apparently  a  quiescent  body 
in  the  center  of  the  heavens,  is  suspended  in 
empty  space,  surrounded  on  all  si-Jes  by  the  ce- 
lestial luminaries  and  the  spaces  of  the  firmament. 
Though  it  appears  to  our  view  to  occupy  a  space 
larger  than  all  the  heavenly  orbs,  j^et  it  is,  in  fact, 
almost  infinitely  smaller,  and  holds  a  rank  only 
with  the  smaller  bodies  of  the  universe;  and, 
although  it  appears  to  the  eye  of  sense  immova- 
bly fixed  ill  the  same  position,  yet  it  is,  in  reality, 
flying  through  the  ethereal  spaces  at  tl>p  rate  of 
more  than  a  thousand  miles  everyminute,  as  we 
have  already  demonstrated.  The  Jigiire  of  the 
earth  is  now  ascertained  to  be  that  of  an  oblate 
spheroid,  very  nearly  approaching  to  the  figure  of 
a  globe.  An  orange  and  a  common  turnip  are 
oblate  spheroids,  and  are  frequently  exhibited  to 
illustrate  the  figure  of  the  earth.  But  they  tend 
to  convey  an  erroneous  idea;  for,  although  a 
spheroid  of  ten  feet  diameter  were  constructed  to 
exhibit  the  true  figure  of  the  eartli,  no  eye  could 
distinguish  thedifi'erence  between  such  a  spheroid 
and  a  perfect  globe,  since  the  difference  of  its  two 
diameters  would  scarcely  exceed  one-tiiird  of  aa 


years  after  this,  Messrs.  Deshayes  and  Varin,  who 
were  sent  by  the  French  king  to  make  certain  as- 
tronomical observations  near  the  equator,  found 
that  the  pendulum  at  Cayenne  n;aiie  148  vibra- 
tions less  in  a  day  than  at  Paris,  and  that  his 
clock  was  retarded  by  that  means  two  nnnutes 
twenty-eight  seconds;  and  was  obliged  to  make 
his  pendulum  shorter  by  two  lines,  or  the  sixth 
part  of  a  Paris  inch,  in  order  to  make  the  time 
agree  with  that  deduced  from  celestial  observa- 
tions. Similar  experiments,  attended  with  the 
same  results,  were  made  at  Martinique,  St.  Do- 
mingo, St.  Helena,  Goree,  on  the  coast  of  Africa, 
and  various  other  places,  in  all  which  it  was 
found  that  the  alteration  was  the  greatest  under 
the  equator,  and  that  it  diminished  as  the  observer 
approached  the  northern  latitudes.  This  dis- 
covery, trifling  as  it  may  at  first  sight  appear, 
opened  a  new  field  of  investigation  to  philosophic 
minds;  and  there  are,  perhaps,  few  facts  through- 
out the  range  of  science  from  which  so  many  cu- 
rious and  important  facts  have  been  deduced.  Sii 
Isaac  Newton  and  M.  Huygens  were  among  the* 
first  who  perceived  "the  extensive  application  of 
this  discovery,  and  the  important  results  to  which 
it  might  lead.  Newton,  whose  penetrating  eye, 
traced  the  fact  through  all  its  bearings  and  re- 
mote consequences,  at  once  perceived  that  the 
earth  nuist  have  some  other  figure  than  what  was 
conimoidy  supposed,  and  demonstrated  .that  this 
diminution  of  weight  naturally  arises  from  the 
earth's  rotation  round  its  axis,  which,  according 
to  the  laws  of  circular  motion,  repels  all  heavy 
bodies  from  the  axis  of  motion;  so  that,  this  mo- 
tion being  swifter  at  the  equator  than  in  other 
parts  more  remote,  the.  weight  of  bodies  must 
also  be  less  there  than  near  the  poles.  All  heavy 
bodies,  when  left  to  themselves,  lall  toward  the 
earth  in  lines  perpendicular  to  the  horizon;  and, 
were  those  lines  continued,  they  would  all  pass 
through  the  earth's  center.  Every  part  of  the 
earth,  therefore,  gravitates  toward  tliecenter;  and 
as  this  force  is  found  to  be  about  289  times  greater 
thai^that  which  arises  from  the  rotation  of  the 
eartli,  a  certain  baloiice  will  constantly  be  main- 
tained between  them,  and  the  earth  will  assnm.e 
such  a  figure  as  would  naturally  result  from  the 
difference  of  these  two  opposite  forces.  From 
various  considerations  and  circumstances  of  this 
kind,  Newton  founded  his  sublime  calculations  on 
this  subject;  and,  as  Fontenelle  remarks,  "deter- 
mined the  true  figure  of  the  earth  without  leav- 
ing his  elbow-chair." 

Newton  and  Huygens  were  both  engaged  in 
these  investigations  at  the  same  time,  unknown 
to  each  other,  but  tlie  results  of  their  calculations 
were  nearly  alike.    They  demonstrated,  from  iua 
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known  laws  of  graviUition,  that  the  true  fin;" re 
of  the  eurtJi  was  ;hat  of  an  oblate  s[)heroid,  ilat- 
tened  at  the  i)ules,  and  protuberant  at  the  eciualor; 
that  the  proportion  between  its  polar  and  equa- 
torial diameters  is  as  229  to  230,  and,  consequent- 
ly, that  the  polar  diameter  is  shorter  than  tlie 
equatorial  by  about  thirty-four  miles.*  If  tliese  de- 
ductions be  nearly  correct,  it  follows  that  a  degree 
of  latitude  in  the  polar  regions  must  measure 
more  than  a  degree  near  the  equator.  To  deter- 
mine this  point  by  actual  measurement,  it  was 
ordered  by  the  French  king  that  a  degree  should 
be  measured  both  at  the  equator  and  within  the 
polar  circle.  Messrs.  Muupertuis,  Clairaut,  and 
others  were  sent  to  the  north  of  Europe,  and 
Messrs.  Bouger.  Godin,  and  La  Condamine  to 
Peru,  in  South  America.  The  first  of  these  com- 
panies began  their  operations  at  Tornea,  near  the 
Gulf  of  Bothnia,  in  July,  1736,  and  finished  them 
in  June,  1737.  Those  who  were  sent  to  Peru, 
having  greater  difficulties  to  encounter,  did  not 
finish  their  survey  until  the  year  1741.  The  re- 
sults of  these  measurements  were,  that  a  degree 
of  the  meriiiiau  in  Lapland  contains  344,627 
French  feet,  and  a  degree  of  the  meridian  at  the 
equator  340,606;  so  that  a  degree  in  Lapland  is 
4U21  French  feet,  or  4280  English  feet,  longer 
than  a  degree  at  the  equator;  that  is,  they  differ 
about  six  and  a  half  English  furlongs,  or  8-lOths 
of  a  mile.  But  if  the  eartli  had  been  a  perfect 
sphere,  a  degree  of  the  meridian  in  every  latitude 
would  have  been  found  precisely  of  the  same 
length.  This  spheroidal  figure  is  not  peculiar  to 
the  earth;  for  the  planets  Saturn,  Jupiter,  and 
Mars  are  likewise  found  to  be  spheroids,  and  some 
of  them  much  flatter  at  the  poles  than  the  earth. 
The  difference  between  the  polar  and  equatorial 
diameters  of  Jupiter  is  more  than  6000  miles. 

From  the  circumstances  stated  above,  we  may 
learn  that  the  most  minute  facts  connected  with 
the  system  of  nature  ought  to  be  carefully  ob- 
served, investigated,  and  recorded,  as  they  may 
lead  to  important  conclusions,  which,  at  first 
view,  we  may  be  unable  to  trace  or  to  appreciate; 
for  in  the  system  of  the  material  world,  the  great- 
est and  most  sublime  effects  are  sometimes  pro- 
duced from  apparently  simple  and  even  trivial 
causes.  Who  could  iiave  imagined  that  such  a 
simple  circumstance  as  the  retardation  of  clocks 
in  southern  climes,  and  the  shortening  or  length- 
ening of  a  pendulum,  would  lead  to  such  an  im- 
portant discovery  as  the  spheroidal  figure  of  the 
earth?  Hence  we  may  conclude,  that  if  ten  thou- 
sands of  rational  obserVers  of  the  facts  of  nature 
were  to  be  added  to  those  who  now  exist,  many 
parts  of  the  scenery  of  the  universe  which  are 
now  involved  in  darkness  and  mystery  might  ere 
long  be  unfolded  to  our  view. 

General  Aspect  of  the  Earth's  Surface. —  The 
most  promini'ut  and  distinguishing  feature  of  the 
surface  of  our  globe  is  the  two  bands  of  land  and 
of  water  into  which  it  is  divided.  These  bands 
present  a  somewhat  irregular  appearance  and 
form,  but  their  greatest  length  is  from  nort'fi  to 
south.  One  of  tliese  bands  of  land,  generally 
denominated  tlie  eastern  continent,  comprehends 
Europe,  Africa,  and  Asia,  and  extends  tiom  the 
Cape  of  Good  Hope  on  the  south  to  the  north- 
riastern  extremity  of  Kamtschatka,  in  which  di- 
rection its  length  measures  about  10,000  miles. — 
Its   greatest  breadth  from  Corea,   or  the  eastern 


*  From  a  comparison  of  the  lenijlh  of  different  degrees  of 
the  meridian,  hilely  measured,  it  is  prol)able  liiat  the  difVe- 
lence  of  the  ili.imeters  is  somewhat  less  than  is  here  stated. 
Its  eqcatoiial  diameter  is  about  7&'}'l  miles,  and  its  polar 
about  ;908. 


parts  of  Chinese  Tartary,  to  ihe  western  extremi- 
ty of  Africa,  is  about  9000  miles.  The  other 
bund  of  earth  is  the  western  continent,  compre- 
hending North  and  South  America,  lying  between 
the  Atlantic  on  the  east  and  tlie  Pacific  Ocean  on 
the  west.  Its  greatest  length  is  about  8000  miles 
from  north  to  south,  and  its  greatest  breadth,  from 
Nootka  Sound  to  Newfoundland,  North  America, 
and  from  Gajjc  Blanco  to  St.  Roque,  South  Ameri- 
ca, is  about  3000  miles.  Beside  these  two  larger 
bands  of  land,  there  is  the  large  island  of  New 
Holland,  which  is  2600  miles  long  and  2000 
broad,  which  might  be  reckoned  a  third  continent; 
along  with  many  thousands  of  islands,  of  every 
form  and  size,  which  are  scattered  throughout  the 
diilerent  seas  and  oceans.  The  whole  of  these 
solid  parts  of  our  globe  comprehends  an  area  of 
about  forty-nine  millions  of  square  miles,  or  about 
one-fourth  of  the  superficies  of  the  terraqueous 
globe,  which  contains  about  one  hundred  and 
ninety-se^fcn  millions  of  square  miles.  Were  all 
these  portions  of  the  land  peopled  with  inhabit- 
ants in  the  same  proportion  as  in  England,  the 
population  of  the  globe  would  amount  to  thirteen 
thousand  seven  hundred  and  twenty  millions  of 
hunuyi  beings,  which  is  more  than  seventeen  times 
its  present  number  of  inhabitants.  Yet,  strange 
to  tell,  this  world  has,  in  all  ages,  been  the  scene 
of  wars,  bloodshed,  and  contests  for  small  patches 
of  territory,  although  the  one-seventeenth  part  of 
it  is  not  yet  inhabited! 

There  is  a  striking  correspondence  between  two 
sides  of  the  two  continents  to  which  we  have  ad- 
verted, the  prominent  parts  of  the  one  corres- 
ponding to  the  indentings  of  the  other.  If  we 
look  at  a  terrestrial  globe  or  map  of  the  world, 
we  shall  perceive  that  the  projection  of  the  west- 
ern coast  of  Africa  nearly  corresjionds  with  the 
opening  between  North  and  South  America,  op- 
posite to  the  Gulf  of  Mexico;  that  the  projection 
in  Soutli  America,  about  Cape  St.  Roque  and  St. 
Salvador,  nearly  corresponds  with  the  opening  in 
the  Gulf  of  Guinea;  so  that,  if  we  could  con- 
ceive the  two  continents  brought  into  contact, 
the  openings  to  which  I  have  referred  would  be 
nearly  tilled  up,  so  as  to  form  one  compact  con- 
tinent. The  Gulf  of  Guinea  would  bo  nearly 
blocked  up  with  the  eastern  coast  of  Soutli  Amer- 
ica, and  a  large  gulf  formed  between  Brazil  and 
the  land  to  the  eastward  of  the  Cape  of  Good 
Hope.  The  Gulf  of  Mexico  would  he  formed 
into  a  kind  of  inland  lake,  and  Nova  Seolia  and 
Newfoundland  would  block  up  a  portion  of  the 
Bay  of  Biscay  and  the  English  Channel,  while 
Great  Britain  and  Ireland  woukLblock  up  the  en- 
trance to  Davis's  Straits.  A  consideration  of 
these  circumstances  renders  it  not  altogether  im- 
probable that  these  continents  were  originally 
conjoined,  and  that,  at  some  former  physical  re- 
volution or  catastrophe,  they  may  have  been  rent 
asunder  by  some  tremendous  power,  when  the 
waters  of  the  ocean  rushed  in  between  them,  and 
left  them  separated  as  we  now  behold  them.  That 
POWER  which  is  said  to  "  remove  mountains,'' 
wliich  "  shaketh  the  earth  out  of  her  place,"  and 
causeth  ''the  pillars  thereof  to  tremble,"  is  ade- 
quate to  produce  such  an  effect;  and  effects  equal- 
ly stupendous  appear  to  have  been  produced  when 
the  waters  of  the  great  deep  covered  the  tops  of 
the  iiighest  mountains,  when  the  solid  strata  of 
the  earth  wi're  bent  and  disrupted,  and  rocks  of 
enormous  size  transported  from  one  region  of  tho 
earth  to  another.  I'here  appears  no  great  impro- 
bability in  tlie  supposition  that  such  an  event  may 
have  taken  place  at  the  universal  deluge,  when 
the   original  constitution  of  the  globe  seems  to 
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have  undergone  a  dreadful  cliangc  and  disarrange- 
ment. 

Between  the  two  continents  now  mentioned  are 
two  immense  bands  of  water,  extending  nearly 
from  the  nortliern  to  tlie  soutlicrn  extremities  of 
the  globe,  one  of  which  is  10,000,  and  the  other 
3,000  miles  broad.  These  vast  collections  of  wa- 
ter surround  tlie  continents  and  islands,  and  form 
numerous  seas,  str.iits,  gulfs,  and  bays,  whicli  in- 
dent and  diversify  the  coasts  tlirough  every  region 
of  tlie  earlh.  They  occupy  a  square  surface  of 
148,000,000  of  miles,  forming  about  three-fourths 


darker  color  than  the  more  elevated  and  moun- 
tainous regions,  as  we  find  to  be  the  case  on  the 
surface  of  the  moon.  The  islands  would  appear 
like  small  bright  specks  on  the  darker  surface  of 
the  ocean;  and  the  lakes  and  Mediterranean  seas 
like  darker  spots,  or  broad  streaks  intersecting  the 
brighter  parts  of  the  land.  By  its  revolution 
round  its  axis,  successive  portions  of  its  surface 
would  be  brought  into  view,  and  ))resent  a  citi'e- 
rent  asjiect  from  the  parts  which  jirccedfd.  Were 
the  iirst  view  taken  when  the  middle  of  the  Pa- 
cific Ocean  appeared   in  the  center,  almost    the 


of  the  surface  of  the  globe,  and  containing  about!  whole   hemisphere  of  the  earth  would  present  a 


•296,000,000  of  cubical  miles  of  water,  sufficient 
to  cover  the  wliole  globe  to  the  depth  of  2G00 
yards.  Tliis  vast  superabundance  of  water,  com- 
pared with  the  quantity  of  land,  it  is  probable,  is  pe- 
culiar to  our  globe,  and  tliat  no  such  arrangement 
exists  on  tlie  surface  of  the  other  planets  of  our  sys- 
tem. It  is  probable  that  such  an  extensive  ocean 
did  not  exist  at  the  period  of  the  original  forma- 
tion of  the  earth,  and  that  such  a  disproportionate 
accumulation  of  water  took  place  in  consequence 
of  the  deluge.  The  present  constitution  of  the 
earth,  and  llie  disproportion  of  the  water  to  the 
dry  land,  are  circumstances  more  adapted  to  a 
race  i)f  fallen  intelligences  than  to  beings^n  a  state 
of  innocence,  and  adorned  with  the  image  of 
their  Civator. 


dull  and  somber  aspect,  except  a  few  small  spots 
near  the.  middle,  where  the  Marquesas,  the  Sand- 
wich, and  the  Society  Isles  are  situated,  and  some 
bright  streaks  on  its  north-eastern,  nortli-western, 
and  south-western  borders,  whei-e  the  i!orth-west- 
ern  parts  of  America,  the  north-eastern  parts  of 
Asia  and  New  Holland  are  situated.  In  about  six 
hours  afterward  the  whole  of  Asia,  with  its  large 
islands,  Borneo,  Sumatra,  New  Guinea,  &,c., 
would  come  into  view  and  diversify  the  scene,  hav- 
ing a  portion  of  the  Pacific  on  the  east,  and  the 
Indian  Ocean  and  a  portion  of  Africa  on  the  west. 
In  another  six  hours  the  whole  of  Africa  and  Eu- 
rope, the  Atlantic  Ocean,  and  the  eastern  part  of 
South  America,  would  make  their  appearance; 
and   in  six   hours  more  the  whole   of  North  and 


Beside  the  circumstances  now  stated,  the  earth  '  South  America  would  appear  near  the  center  of 
is  diversified  with  extensive  ranges  of  mountains,  the  view,  having  the  Atlantic  Ocean  on  the  ea^t 
which   stretch   in   different   directions  along   the  |  iiud    the  Pacific   on    the   west.     All   these  views 


continents  and  islands,  rearing  their  summits,  in 
some  instances,  several  miles  above  the  level  of 
the  ocean,  and  diversifying  in  various  modes  the 
landscape  of  the  earth.  From  tjiese  mountains 
flow  hundreds  of  majestic  rivers,  some  of  tliem 
more  than  2000  miles  in  length,  fertilizing  the 
conntrifs  through  which  they  flow,  and  forming 
a  medium  of  communication  between  the  inland 
countries   and    the    ocean.      The   atmosphere    is 


would  present  a  <  onsiderabic  variety  of  aspect, 
but  in  every  one  of  them  the  darker  shades  would 
appear  to  cover  the  greater  part  of  the  view,  ex- 
cept, perhaps,  in  that  view  which  takes  in  the 
whole  of  Asia  and  part  of  Africa  and  Europe. — 
Each  of  these  views  occasionally  present  a  mot- 
tled and  unstable  appearance,  on  account  of  the 
numerous  strata  of  clouds  suspended  over  difTe- 
renl  regions,  which  would   be   seen   frequently  to 


thrown  around  the  whole  of  this  terraqueous  mass,  shift  their  positions.  These  clouds,  when  dense, 
by  means  of  which,  and  the  operation  of  the  and  accumulated  over  particular  countries,  would 
solar  heat,  a  portion  of  the  ocean  is  carried  up  to  [  prevent  rertain  portions  of  the  land  and  water 
the   region   of  the  clouds   in   the  form  of  vapor,  j  from    being    distinctly   jierceived.      They   would 


which  diffuses  itself  over  every  region  of  the 
earth,  and  is  again  condensed  into  rains  and  dews, 
to  supply  the  .Purees  of  rivers,  and  to  distribute 
fertility  throughout  every  land.  This  atmosphere 
is  the  region  of  the  winds,  whether  fanning  the 
earth  with  gentle  breezes,  or  heaving  the  ocean 
into  mountainous  billows,  and  overturning  forests 
by  hurricanes  and  tornadoes.  It  is  the  theater 
where  thunders  roll  and  lightnings  flash,  where 
the  fiery  meteor  sweeps  along  with  its  luminous 
train,  and  where  the  aurora  boreales  display 
their  fantastic  coruscations.  It  is  constituted  by 
a  law  of  the  Creator  to  sustain  the  principle  of 
life,  and  to  preserve  in  existence  and  in  comfort 
not  only  man,  but  all  the  tribes  of  animated  ex- 
istence which  traverse  the  regions  of  earth,  air, 
or  sea,  without  the  benign  influence  of  wliich 
this  globe  would  be  soon  left  without  a  living 
inhabitant. 

Were  the  earth  to  be  viewed  from  a  point  in 
the  heavens,  suppose  from  the  moon,  it  would 
present  a  pretty  variegated,  and  sometimes  a  mot 
tied    appearance.      Th 


sometimes  appear  like  bright  spots  upon  the  ocean, 
by  the  reflection  of  the  solar  rays  from  their  up- 
per surfaces,  and  sometimes  like  dark  spots  over 
the  land.  The  following  figures  represent  two 
of  the  views  to  which  we  have  alluded: 


Fig.  25. 


Fig.  26. 


Fig.  25,  represents  the  appearance  of  the  earth 

when  the  niildle  of  the  Pacific  is  in  the  center  of 

the  view.     Fig.  26,  is  the  appearance  when  the 

Atlantic  is  presented  to  the  spectator's  eye,  with 

inctiou    between    its 'South   and  part  of  North  America  on  the  west, 


seas,   oceans,    continents,   and    islands   would   be  <  and  Europe,  Africa,  and  a  portion  of  Asia  on  the 
clearly  marked,  which  would  appear  like  brighter  ,  east. 


and  darker  spots  upon  its  disc.  The  continents 
would  appear  bright,  and  the  ocean  of  a  darker 
hue,  because  water  absorbs  tlie  greater  part  of 
the  solar  light  that  falls  upon  it.  ^I'he  level  plains 
(excepting,  perhaps,  such  spots  as  the  Arabian 
deserts  of  sands)  would  a)pear  of   a  somewhat 


Internal  Structure  of  the  Earth. — We  are  now 
pretty  well  acquainted  with  the  general  outline  of 
the  surface  of  the  earth,  and  the  different  ramifi- 
cations of  land  and  water  with  which  it  is  diver- 
sified, except  those  regions  which  lie  adjacent  to 
Uie    poles.     But  our   knowledge    of   its   internal 
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structure  is  extremely  limited.  The  deepest 
mines  tliat  have  ever  been  excavated  do  not  de- 
scend above  a  mile  from  tlie  surface,  and  tliis 
depth  is  no  more,  compured  with  tlie  thickness  of 
the  eartli,  tiian  the  sligiit  scratch  of  a  pin  upon  a 
large  artificial  globe  compared  with  the  extent  of 
its  semijiameter.  What  species  of  materials  are 
to  be  found  two  or  three  thousand  miles  within  its 
surface,  or  evenwithin  fifty  miles,  will,  perhaps,  be 
forever  beyond  the  power  of  mortals  to  determine. 
Various  researches,  however,  have  been  lately 
made  as  to  the  materials  wliicli.  compose  its  upper 
strata,  immediately  beneath  the  surface,  and  the 
order  in  wliicii  they  are  arranged.  From  these 
researches  we  learn  that  substances  of  various 
kinds  com[)ose  the  exterior  crust  of  the  globe, 
and  that  they  are  thrown  together  in  almost  every 
possible  position;  some  horizontal,  some  vertical, 
and  some  inclined  to  each  other  at  various  angles. 
Geologists  have  arranged  the  strata  of  the  crust 
of  the  eartii  into  various  classes:  1.  Primary 
rocks,  which  are  supposed  to  have  been  formed 
before  all  the  others,  and  which  compose,  as  it 
were,  the  great  frame  or  groundwork  of  our 
globe.  These  rocks  are  coraposec  of  granite, 
gneiss,  mica-slate,  and  ottier  substances;  they  form 
the  most  lofty  mountains,  and,  at  the  same  time, 
extend  themselves  downward  beneath  all  the 
other  formations,  as  if  all  the  materials  on  the 
surface  of  the  globe  rested  upon  them  as  a  basis. 
2.  Transition  rocks,  which  are  above  the  primi- 
tive, and  rest  upon  them,  and  are  composed  of  the 
larger  fragments  of  the  primary  rocks,  consoli- 
dated into  conlinuous  masses.  These  rocks  con- 
tain the  romaii.s  of  certain  organized  beings,  such 
as  sea-shells,  while  no  such  remains  are  found 
among  the  rocks  termed  primitive.  3.  Sccondarij 
rocks,  whicii  lie  upon  tlie  primary  and  transition 
rocks,  and  wliicii  appear  like  deposits  from  tKe 
other  species  of  rocks.  The  substances  whiL;h  this 
class  of  rocks  contain  are  secondary  limestone, 
coal,  oolite,  sandstone,  and  chalk.  Ttiere  are  like- 
wise tertiary,  basaltic,  and  volcanic  rocks,  and  al- 
luvial and  diluinal  deposits.  But  it  would  be 
foreign  to  our  present  subject  to  descend  into 
particulars. 

From  facts  which  have  been  ascertained  re- 
specting these  and  various  other  circumst.aices 
connected  wi(h  the  constitution  of  the  earth,  it 
has  been  conclud  d  that  important  changes  and 
astonishing  revolutions  have  taken  place  in  its 
physical  structure  since  the  period  of  its  forma- 
tion; that  rocks  of  a  huge  size  have  been  rolled 
fro:n  one  region  of  the  globe  to  another,  and  been 
carried  up  to  the  tops  of  iiills  and  elevated  j)or- 
tions  of  tlie  land;  that  the  hardest  masses  of  its 
rocks  have  been  fractured,  and  its  strata  bent  and 
dislocated;  that  in  certain  places  sea-shells, sharks' 
teeth,  the  bones  of  elephants,  the  hippopotamus, 
oxen,  deer,  and  oth'?r  animals,  are  foimd  mingled 
tog'th'r,  as  if  they  had  baen  swept  aloiii;-  bv  some 
overpowering  force,  amid  a  general  convulsion  of 
nature;  that  the  bed  of  the  ocean  has  been  rai-^ed 
up  by  the  operation  of  some  tremendous  power, 
80  as  to  form  a  portion  of  the  habitable  surface  of 
the  globe;  and  that  the  loftiest  mount:iins  v/erc 
once  covered  by  the  waters  of  the  ocean.  From 
these  and  other  considerations  we  have  reason  to 
believe  that  the  earth  now  presents  a  very  diffe- 
rent aspect  from  what  it  did  when  it  first  pro- 
ceeded from  the  creating  han  1  of  its  M:iker,  and 
when  all  tiiiiigs  wtre  pronounced  by  him  to  be 
"  very  good."  The  earth,  therefore,  as  presently 
constituted,  ought  not  to  be  considered  as  a 
standard  or  model  to  be  compared  with  the  other 
planets   of    our  sywtern,  and   by  which   to  judge 


Avhether  they  appear  to  be  fitted  for  being  tha 
abodes  of  intelligent  beings.  P'or,  in  ts  present 
state,  notwithstanding  the  numerous  objects  of 
sublimity  and  btjaiity  strewed  over  its  surface,  it 
can  be  considered  as  little  more  tliau  a  majeslic 
ruin;  a  ruin,  however,  sufiicit-ntly  accommudaiei} 
to  the  character  of  the;  majority  of  inhabitanta 
who  have  liitherto  occupied  its  surface,  whcsa 
conduct,  in  all  ages,  has  been  marked  witli  injus- 
tice, devastation,  and  bloodshed. 

Density  of  the  Earth. — In  the  year  1773,  Dr. 
rvlaskeline,  the  astronomer  royal,  with  other  gen- 
tlemen, made  a  number  of  observations  on  the 
mountain  Schehallien,  in  Scotland,  to  determine 
the  attraction  of  mountains.  After  four  months 
spent  in  the  nece.-isary  arrangements  and  observa- 
tions, it  Was  ascertained  lieyond  uispute  that  tiie 
mountain  exerted  a  sensible  attraction,  leaving  no 
hesitation  as  to  the  conclusion  that  every  moun- 
tain and  every  particle  of  earth  is  endowed  with 
the  same  property  in  proportion  to  its  quantity 
of  matter.  1'he  observations  were  made  on  both 
sides  of  tlie  mountain,  and  from  these  it  appears 
that  the  sum  of  the  two  contrary  attractions  ex- 
erted upon  the  plumbline  of  the  instruments  was 
equal  to  eleven  seconds  and  a  half.  Professor 
Flayfair,^morc  than  thirty  years  afterward,  from 
personal  observation,  endeavored  to  determine  the 
specific  gravity  or  density  of  the  materials  of 
which  Schehallien  is  composed,  and  after  nume- 
rous experiments  and  calculations,  it  was  con- 
cluded that  "  the  mean  density  of  the  earth  is 
nearly  double  the  density  of  the  rocks  wliicii 
compose  that  mountain,"  which  seem  to  be  con- 
siderably more  dense  than  the  mean  of  those 
which  form  the  exterior  crust  of  Uie  earth.  The 
density  of  these,  rocks  was  reckoned  to  be  two 
and  a  half  times  the  weight  of  water;  con.se- 
quently  the  density  of  the  earth  is  to  that  of 
water  as  five  to  one;  that  is,  the  whole  earth, 
bulk  for  bulk,  is  five  times  the  iceighi  of  water,  so 
that  tiic  earth,  as  now  constituted,  would  counter- 
poi.se  five  globes  of  the  same  size  composed  of  the 
same  specific  gravity  as  water.  As  the  mean 
density,  therefore,  of  the  whole  earth's  surface, 
including  the  ocean,  cannot  be  above  twice  the 
density  of  water,  it  follows  that  the  interior  of 
the  earth  must  have  a  much  greater  density  than 
even  five  times  the  weight  of  water,  to  counter- 
balance the  want  of  weight  on  its  surface.  Hence 
we  are  necessarily  led  to  conclude  tliat  the  inte- 
rior parts  of  the  earth,  near  the  center,  must  con- 
sist of  very,  dense  substances,  denser  than  even 
iron,  lead,  or  silver,  and  tliat  no  great  internal 
cavity  can  exist  witliin  it,  as  some  theoiists  h  ve 
suppose  !,  unless  we  could  suj)pose  that  most  of 
the  materials  far  below  the  foundation  of  the 
ocean  are  much  denser  than  tlie  heaviest  metallic 
substances  yet  discovered.  La  Place  has  at- 
tempted to  estimate  the  earth's  density  near  the 
center  on  the  following  data:  If  5  2-ii  be  its  mean 
density,  and  3  1-8,  31-5,2  4-5,  and  2  3-5  be  as- 
sumed  as  its  superficial  densiti-s,  then,  on  the  the- 
ory of  compressibility,  the  densitv  at  the  center 
will  be  131-4,  His,  IS^^',  and  2 )  I'-IO  respective- 
ly. The  least  of  the  sjieciiic  giavilies  (l3j:.,j^)  is 
nearly  double  the  density  ofziiic,  iron,  and  t  e  ora 
of  lead;  and  the  greatest  (211  I-ID) '  s  nearly  qu-J 
to  purified  and  forged  platina,  which  is  the  most 
ponderous  substance  hitherto  discovered.  Ye} 
this  ponderous  globe,  with  all  the  materials  on  itii 
surface,  is  carried  throug'i  the  regions  of  sp'i.-'s 
with  a  velocity  of  sixteen  hundred  thousand  niilei? 
every  day. 

Variety  of  Seasons. — The  annual  revolution  of 
the  earth  is  accomplished  in  3d5  days,  5  hours.  48 
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minutes,  and  51  seconds.  In  the  course  of  this 
revolution,  the  inliuljitunts  of  every  clime  experi- 
ence, tliough  at  difftrcnt  times,  a  variety  of  sea- 
sons. S[iring,  summer,  autumn,  and  winter  fol- 
low each  other  in  constant  succession,  oiver.-ify- 
ing-  the  scenery  of  nature,  and  distingnishin^r  tiie 
ditierent  periods  of  the  year.  In  those  countries 
which  lie  iu  the  southern  hemisphere  of  the  globe, 
November,  December,  and  January,  are  the  sum- 
mer months,  while  in  the  northern  hemisphere, 
where  we  reside,  these  are  our  months  of  winter, 
when  the  weather  is  coldest  and  the  days  are 
shortest.  In  the  northern  and  southern  lir-nii- 
s)/liere.<,  the  seasons  are  opposite  to  each  oilier,  so 
that  when  it  is  spring  iu  the  one  it  is  auiunm  in 
the  other:  when  it  is  winter  in  southern  latitudes 
it  is  summer  with  us.  During  six  months,  from 
March  2\  to  September  23,  the  sunsliines  without 
intermission  on  the  north  pole,  so  that  there  is  no 
night  there  during  all  that  interval,  while  the  south 
pole  is  all  this  time  enveloped  iu  darkness.  From 
September  to  March  the  south  pole  enjoys  the  so- 
lar light,  while  the  north,  in  its  turn,  is*  deprived 
of  tlie  siin  and  left  in  darkness.  The  sun  is  at  dif- 
ferent distances  from  the  earth  at  different  periods 
of  the  year,  owing  to  the  earth's  niovii>g  iu  an 
elliptical  orbit;  but  it  is  not  upon  this  circum- 
star.ce  that  the  seasons  depend.  For  on  the  fiist 
of  January  we  are  more  than  three  millions  of 
miles  nearer  the  sun  than  on  the  first  of  July, 
when  (lie  heat  of  our  summer  is  geuerally  great- 
est. The  true  cause  of  the  variation  of  the  seasons 
consists  in  the  inclination  of  the  axis  of  the  earth 
to  the  plane  of  its  orbit;  or,  in  other  words,  to  the 
ecliptic.  If  its  axis  were  perpendicular  to  the 
ecliptic,  the  equator  and  the  orbit  would  coincide; 
and  as  the  sun  is  always  in  the  plane  of  the 
ecliptic,  it  would  in  this  case  be  always  over  the 
equator;  the  two  poles  would  be  always  enlight- 
ened, and  there  would  be  no  rliversity  of  days  and 
nights,  and  but  one  season  throughout  the  year. 
What  is  meant  by  the  inclination  of  the  axis  will 
appear  from  the  following  figures. 


Lei  A  B  represent  the  plane  of  the  ecliptic,  or 
the  earth's  orbit,  and  C  D  fFig  28)  the  axis  of 
the  earth,  inclined  at  an  angle  of  G6I0'-'  to  the 
ecliptic,  iiud  23)^°  from  the  perpendicular  E  F, 
or  the  axis  of  the  ecliptic,  and  it  will  represent  the 
position  of  the  axis  of  the  earth  with  respect  to  the 
plane  of  its  orbit.  Fig.  27  represents  the  axis  of 
the  earth,  G  H,  perpendicular  to  the  ecliptic.  As 
the  sun  can  enlighten  only  the  one-half  of  the 
globe  at  a  tinie,  it  is  evident  t'lat,  if  his  rays  come 
in  the  direction  from  ZJ,  Fig.  2H,  they  cannot  illu- 
minate both  poles  at  once.  Vv'hiie  the  north  polar 
circle  between  E  and  C  is  enliglilened,  llie  regions 
around  the  south'pole  between  D  and  F  must  ne- 
cessarily remain  in  the  dark.  But  if  the  axis  of 
the  earth  were  perpendicular  to  its  orbit,  as  ex- 
hibited in  Fig.  27,  then  both  poles  would  con- 
stantly be  en'iglilen-^'d  at  the  same  time.  The 
following  figure  will  more  particularly  show  the 
effect  of  the  inclination  of  the  axis  of  the  earth 


during  its  progress  through  the  twelve  signs  of 
the  zodiac.     (.See  Fig.  29.) 

In  this  representation  the  ellipse  exhibits  the 
er.rth's  orbit  seen  at  a  distance,  the  eye  being  sup- 
posed to  be  elevated  a  little  above  the  plane  of  it, 
The  eaith  is  represented  in  each  of  the  twelve 
signs,  with  the  names  of  .the  months  annexed. 
In  each  of  the  figures  e  is  the  pole  of  the  ecliptic, 
and  e  d  its  axis,  perpendicular  to  the  plane  of  tlie 
orbit,  i'  is  the  north  pole  of  the  earth;  P  m  its 
axis,  about  which  the  earth  daily  turns  from  west 
to  east,  F  C  e  shows  the  angle  of  its  inclination. 
During  the  whole  of  its  course,  the  axis  keeps 
always  in  a  parallel  position,  or  points  always  io 
the  same  parts  of  the  heavens.  If  it  were  olhei- 
wise,  if  the  axis  of  the  earth  shifted  its  position 
in  any  con:iiderable  degree,  the  most  appalling 
and  disastrous  effects  might  be  produced;  the 
ocean  in  many  places  might  oversow  the  land, 
and  rush  from  the  equator  toward  tlie  polar  re- 
gions, and  produce  a  general  devastation  and 
destruction  to  myriads  of  its  inhabitants.  If  the 
axis  pointed  always  to  the  center  of  its  orbit,  so 
as  to  be  continually  varying  its  direction,  all  the 
objects  around  us  would  appear  to  whirl  about  us 
in  confusion;  there  would  be  no  fixed  polar 
points  to  guide  the  mariner,  n&r  could  his  course 
be  directed  through  the  ocean  by  any  of  the  stars 
of  heaven. 

When  the  earth  is  in  the  first  point  of  Libra, 
the  sun  appears  in  the  opposite  point  of  the  eclip- 
tic, at  Aries,  about  the  2lst  of  March;  and  when 
the  earth  is  in  Aries,  the  sun,  S,  will  appear  in 
Libra  about  the  23d  of  September.  At  these 
times  both  poles  of  the  earth  are  enlightened,  and 
the  day  and  night  are  equal  in  all  pinces.  When 
the  earth  has  moved  from  Libra  to  Capricorn,  its 
axis  keeping  always  the  same  direction,  ail  places 
within  the  north  polar  circle,  P  e,  are  illuminated 
throughout  the  whole  diurnal  revolution,  at  which 
time  tiie  inhabitants  of  those  places  have  the  sun 
more  than  twenty-four  hours  above  the  horizon. 
This  happens  at  the  time  of  our  summer  solstice, 
or  about  the  2Ist  of.  June,  at  which  time  the  south 
polar  circle,  d  m,  is  in  darkne.ss.  While  the  earth 
is  moving  from  Libra,  through  Capricorn,  tc 
Aries,  the  north  pole,  P,  being  in  the  illumiaated 
hemisphere,  will  have  six  months  continual  day; 
but  while  the  earth  passes  frojii  Aries,  through 
Cancer,  to  Libra,  the  north  pole  will  be  in  dark- 
ness, and  have  continual  night;  the  foulh  pole  at 
the  same  time  enjoying  continual  day.  Wlieu 
the  earth  is  at  Cancer,  the  sun  a[)pears  at  Capri- 
corn, at  which  season  the  nights  in  tlie  northern 
hemisphere  will  as  much  exceed  the  days  as  the 
days  exceedea  the  i:ights  when  the  earth  was  ia 
the  opposite  point  of  its  orbit. 

Our  summer  is  nearly  eiglit  days  longer  than 
our  winter.  By  summer  is  meant  the  time  that 
passes  between  March  21  and  September  2.'^,  or 
between  the  vernal  and  autumnal  equinoxes;  and 
by  winter,  the  time  between  September  23  and 
March  21,  the  autumnal  and  vernal  equinoxes. 
The  portion  of  the  earth's  orbit  which  lies  north 
of  the  equinoctial  contains  184  degrees,  while 
that  portion  which  is  south  of  the  equinoctial 
contains  oidy  176  degrees,  being  ?.igiit  degrees 
less  than  the  other  portion,  which  is  tlie  reason 
why  tlie  sun  is  nearly  eight  days  longer  on  the 
north  of  the  equator  than  on  the  .south.  In  our 
summer  the  sun's  apparent  motion  is  through  the 
six  northern  signs,  Aries,  Taurus,  Gemini,  Can- 
cer, Leo,  and  ^'irgo;  and  in  our  winter,  througii 
the  six  southern.  In  the  former  case,  from  March 
21  to  September  23,  the  sun  is  about  IHG  days  11 
hours  iu  passing  through  the  northern  signs,  and 


44 


CELESTIAL  SCENERY. 


only  178  days  18  hours  in  passing  through  the  I  the  horizon  in  summer  than  in  winter,  and,  con 
Boutho.rn  signs,  from  September  2S  to  March  21, 
die  difference  being  about  7  days  17  hours.     Tlie 


Fig.  29. 


Caprlnm 


reason  of  this  difference  is,  that  the  earth  moves 
in  an  elliptical  orbit,  one  portion  of  which  is 
nearer  the  sun  than  another,  in  consequence  of 
which  the  sun's  apparent  motion  is  slower  while 
it  appears  in  the  northern  signs  than  while  it 
traverses  the  southern  ones. 

As  the  sun  is  farther  from  us  in  summer  than 
in  winter,  it  may  naturally  be  asked  why  we  ex- 
perience the  greatest   heats  in  the  former  season. 
The  following,  among  other  reasons,  may  be  as- 
Fig.  30. 
ED  A 
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signed,  which  will  partly  account  for  this  effoct: 
1.  The  sun  rises  to  a  much  higher  altitude  above 


sequeutly,  its  rays  falling  more  directly  and  less 
oblique,  the  thicker  or  denser  will  they  be,  and  so 
mui'.li  the  hotter,  when  no  counteracting 
causes  from  local  circumstances  exist,  'i'liiis, 
supposing  a  parcel  of  rays,  A  B  VD  E  (T'lg- 
3U),  to  full  perpendicuhirly  on  any  plane  (D 
C),  ami  obiiqui.ly  on  another  plane  {11  C),  it  is 
evident  they  will  occu|)y  a  smaller  space  {D 
C)  in  the  former  than  {E  C  )  in  the  latter;  and, 
consequently,  tiieir  heat  would  be  much 
greater  in  the  lesser  space  D  G  tlian  in  the 
greater  space  E  C.  If,  instead  of  lines, 
wc  suppose  D  C  and  £  C  to  be  the  diameters 
of  surfaces,  then  the  heat  on  those  surfaces 
will  be  inversely  as  the  squares  of  the  diame- 
ters. Let  D  C  be  20  and  £  C  28;  the  square 
of  20  is  400,  and  the  square  of  28  is  784, 
which  is  nearly  double  the  .square  of  D  C, 
and,  consequently,  there  is  nearly  double  the 
quantity  of  heat  on  D  C  compared  with  that 
on  E  C,  in  so  far  as  it  depends  on  the  direct 
influence  of  the  solar  rays;  but  other  causes 
may  concur  either  to  diminish  or  increase 
the  heat  in  certain  places,  to  which  I  liave 
already  alluded  when  describing  the  pheno- 
mena of  Mercury.  2.  The  greater  length 
of  the  day  contributes  to  augment  the  heat 
in  summer;  for  the  earth  and  the  air  are 
heated  iiy  the  sun  in  the  day-time,  more  than 
they  are  cooled  in  the  nigiit,  and  on  this  ac- 
count the  heat  will  go  on  increasing  in  the 
summer,  and  for  the  same  reason  will  de- 
crease in  winter,  when  the  nights  are  longer 
than  the  days.  Another  reason  is,  that  in 
summer,  when  the  sun  rises  to  a  great  alti- 
tude, his  rays  pass  througli  a  much  smaller 
portion  of  the  atmosphere,  and  are  less  re- 
fracted and  weakened  by  it  than  when  they 
fall  more  obliquely  on  the  earth,  and  pass 
through  the  dense  vapors  near  the  horizon. 

The  cause  of  the  variety  of  the  seasons 
can  be  exhibited  with  more  clearness  and 
precision  by  means  of  machinery  than  by 
verbal  descriptions;  and,  therefore,  those 
whose  conceptions~are  not  clear  and  well- 
defined  on  this  subject,  should  have  recourse 
to  orreries  and  planetariums,  which  exhibit 
the  celestial  motions  by  wheel-work.  There 
is  a  small  instrument,  called  a  Tellurian, 
which  has  been  long  manufactured  by  Messrs. 
Jones,  Holborn,  London,  which  conveys  a 
pretty  clear  idea  of  the  motions  and  phases 
of  the  moon,  the  inclination  of  the  earth's  axis 
to  the  plane  of  its  orbit,  and  the  changes  of  the 
seasons.  It  may  be  procured  at  different  prices, 
from  ll-  8s.  to  4/.  14.s.  6f/.,  according  to  the  size 
and  the  quantity  of  the  wheel-work. 

The  subject  of  the  seasons  and  the  variety  of 
phenomena  they  exhibit  have  frequently  been  the 
themes  both  of  the  philosopher  and  the  poet,  who 
have  expatiated  on  the  beauty  of  the  contrivance 
and  the  benignant  effects  they  produce;  and, 
therefore,  llicy  conclude  that  other  planets  enjoy 
the  same  vicissitudes  and  seasons  similar  or  ana- 
logous to  ours.  But  although,  in  the  present  con- 
stitution of  our  globe,  there  are  many  benign 
agencies  which  accom|)any  the  revolutions  of  the 
seasons,  and  are  essential  to  our  happiness  in  the 
circumstances  in  which  we  now  exist,  yet  it  is 
by  no  means  probable  that  the  seasons,  as  they 
now  operate,  formed  a  part  of  the  original  ar- 
rangements of  our  terrestrial  system.  Man  was 
at  first  created  iiva  state  of  Innocence,  and  adcrn- 
ed  with  the  image  of  his  Maker;  and  the  frame 
of   nature,  we  maj'  confidently  suppose,  v  as  so 
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arranged  as  to  contribute  in  every  respect  both 
to  his  sensitive  and  intellectual  enjoyment.  But 
neither  tlie  liorrors  of  winter,  and  its  dreary  as- 
pect ill  jiorthern  climes,  nor  the  scorching  heats 
and  ap[)alling  tiiunder-stornis  which  are  experi- 
enced in  tropical  climates,  are  congenial  to  the 
rank  and  circumstances  of  beings  untainted  with 
sin  and  endowed  with  moral  perfection.  Such 
physical  evils  and  inconveniences  as  the  change 
of  seasons  occasionally  produces,  appear  to  be 
only  adapted  to  man  in  his  present  state  of  moral 
degradation.  In  tiie  primeval  state  of  the  world, 
it  is  not  unlikely  that  the  axis  of  the  earth  had  a 
diiFerent  direction  from  what  it  has  at  present, 
and  tliat,  instead  of  scorching  heats  and  piercing 
colds,  and  the  gloom  and  desolations  of  winter, 
there  was  a  more  mild  and  equable  temperature, 
and  something  approaching  to  what  the  poet  calls 
"  a  perpetual  spring."  We  are  assured,  from  the 
records  of  sacred  history,  that  the  original  consti- 
tution of  the  earth  has  undergone  a  considerable 
change  and  derangement:  its  strata  were  disrupt- 
ed, "  the  fountains  of  the  great  deep  were  broken 
up,"  and  a  llood  of  waters  covered  the  tops  of  the 
loftiest  mountains;  the  effects  of  which  are  still 
visible  in  almost  eveiy  region  of  the  globe.  At 
that  ineinorable  era,  it  is  highly  probable  those 
changes  were  introduced  which  diversify  the  sea- 
sons and  produce  those  alarming  phenomena  and 
destructive  efiVcts  which  we  now  behold;  but  as 
man  advances  in  his  moral,  intellectual,  and  re- 
ligious career,  and  in  proportion  as  his  mental 
and  moral  energies  are  made  to  bear  on  the  reno- 
vation of  tlie  world,  he  has  it  in  his  power  to 
counteract  or  meliorate  many  of  the  physical 
evils  wliich  now  exist.  Were  the  habitable  parts 
of  the  earth  universally  cultivated,  its  marshes 
drained,  and  its  desolate  wastes  reduced  to  order 
and  vegetable  beauty  by  the  hand  of  art,  and  re- 
plenished with  an  industrious  and  enlightened 
population,  there  can  be  little  doubt  that  the  sea- 
sous  would  be  considerably  meliorated,  and  many 
physical  evils  prevented  with  which  we  are  now 
annoyed.  And  all  this  is  within  the  power  of 
man  to  accomplish,  provided  he  chooses  to  direct 
his  wealth,  and  his  intellectual  and  moral  ener- 
gies, into  this  channel.  If  these  remarks  have 
any  foundation  in  truth,  then  we  ought  not  to 
imagine  that  the  earth  is  a  standard  by  which  we 
are  to  judge  of  the  state  of  other  planetary 
worlds,  or  that  they  are  generally  to  be  viewed  as 
having  a  diversity  of  seasons  similar  to  ours. 

The  following  facts,  in  addition  to  the  pre- 
ceding, may  bo  noted  in  relation  to  the  earth: 
Under  the  equator,  a  pen<kiluni,  of  a  certain  form 
and  length,  makes  86,400  vibrations  in  a  mean 
solar  day;  but,  when  transported  to  London,  the 
same  pendulum  makes  86,5.35  vibrations  in  the 
same  time.  Hence  it  is  concluded  that  the  in- 
tensity of  the  force  urging  the  pendulum  down- 
ward at  the  equator  is  to  that  at  London  as  86,400 
to  86,5155,  or  as  1  to  L00.'J15;  or,  in  other  words, 
that  a  mass  of  matter  at  the  equator,  weighing 
10,000  pounds,  exerts  the  same  pressure  on  the 
ground  as  10,0.311-^  of  the  same  pounih  transport- 
ed to  London  would  exert  there.  If  the  gravity 
of  a  body  at  the  equator  be  1,  at  the  poles  it  will 
be  1 .00569,  or  about  the  l-]94th  part  heavier;  that 
is,  a  body  weighing  194  pounds  at  the  equator 
would  weigh  195  pounds  at  the  north  pole;  so 
that  the  weight  of  bodies  is  increased  as  we  ad- 
vance from  the  equator  to  the  poles,  owing  to  the 
polar  parts  being  nearer  the  center  of  the  earth 
than  the  equatorial,  and  the  centrifugal  force 
being  diminished.  It  is  this  variation  of  the  ac- 
tion of  gravity  iu   different  latitudes  that  causes 


the  same  pendulum  to  vibrate  slower  at  the  equa- 
tor thau  in  other  places,  as  stated  above.  For  a 
pendulum  to  oscillate  seconds  at  tlie  equator,  it 
must  be  thirty-nine  inches  in  length;  and  at  tlia 
poles,  thirty-nine  and  one-fifth  iiiclies. 

The  tropical  ye.av,  or  the  time  which  the  sun 
(or  the  earth)  takes  in  moving  through  the  twelve 
signs  of  the  ecliptic,  from  one  equinox  to  the 
same  equinox  again,  is  three  hundr'-d  and  sixty- 
five  days,  five  hours,  forty-eight  minutes,  and 
fifty-one  seconds.  This  is  the  proj)er  or  natural 
year;  because  it  always  keeps  tlie  same  seasons 
to  the  same  months.  The  sidereal  year  is  the 
space  of  time  the  sun  takes  in  passing  from  any 
fixed  star  until  it  returns  to  the  same  star  again. 
It  consists  of  three  hundred  and  sixty-five  days, 
six  hours,  nine  minutes,  and  eleven  and  a  half 
seconds,  being  twenty  minutes  and  twenty  and  a 
half  seconds  longer  than  the  true  solar  year. 
This  diirerence  is  owing  to  the  regression  of  the 
equinoctial  points,  which  is' fifty  seconds  of  a 
degree  every  year;  and,  to  pass  over  this  space, 
the  sun  requires  twenty  minutes  and  twenty  and 
a  half  seconds.  The  earth  moves  in  an  elliptical 
orbit,  whose  eccentriciiij ,  or  distance  of  its  foci 
from  the  center,  is  1,618,000  miles:  that  is,  the 
ellipse  or  oval  in  which  it  moves  is  double  the  ec- 
centricity, or  3,236,000  miles  longer  in  one  direc- 
tion than  it  is  in  another,  which  is  the  reason  that 
the  sun  is  farther  from  us  at  one  season  of  the 
year  than  at  another.  This  is  ascertained  from 
the  variation  of  the  apparent  diameter  jf  the  sun. 
About  the  first  of  January,  when  ht  is  nearest 
the  earth,  the  apparent  diarAeter  is  thirty-two 
minutes,  thirty-five  seconds:  and  on  the  1st  of 
July,  when  he  is  most  distant,  it  is  onlythirly- 
two  minutes,  thirty-one  seconds.  This  proves 
that  the  earth  has  a  slower  motion  in  one  part  of 
its  orbit  than  in  another.  In  January,  it  moves 
at  the  rate  of  about  69,600  miles  an  hour,  but  in 
July  its  rate  of  motion  every  hour  is  only  about 
66,400  miles;  a  difFerencs  of  more  than  3000 
miles  an  hour. 

IV.    OF   THE    PLANET    MARS. 

The  earth  is  placed,  in  the  solar  system,  in  a 
position  between  the  orbits  of  Venus  and  Mars. 
The  two  planets.  Mercury  and  Venus,  which  are 
placed  u-ithia  the  orbit  of  the  earth,  and  whose 
orbits  lie  between  it  and  the  sun,  are  termed  the 
inferior  planets.  Those  whose  orbits  lie  beyond 
the  orbit  of  the  earth,  at  a  greater  distance  from 
the  sun,  as  Mars,  Jupiter,  Saturn,  and  Ui-anus, 
are  termed  superior  planets.  The  motions  an'd 
aspects  of  all  the  superior  planets,  as  seen  from 
the  earth,  differ  considerably  from  those  which 
are  exhibited  by  the  interior.  In  the  first  place, 
the  inferior  planets  are  never  seen  but  in  the 
neighborhood  of  the  sun,  none  of  them  ever  ap- 
])earing  beyond  forty-eight  degrees  from  that  lu- 
minary; whereas,  the  superior  planets  appear  at  all 
distances  from  the  sun,  even  in  the  o])])osito  quar- 
ter of  the  heavens,  or  180  degrees  from  the  point 
in  which  the  sun  may  happen  to  be  placed.  This 
could  not  possibly  happen  unless  their  orbits  were 
exterior  to  that  of  the  earth,  and  the  earth  placed 
at  such  times  between  them  and  the  sun.  In  the 
next  ])k'.ce,  the  inferior  [ilancis,  when  viewed 
through  telescopes,  exhibit,  at  difTerent  times,  all 
the  phases  of  the  moon;  but  the  superior  planets 
never  appear  either  horned  or  in  the  shape  of  a 
half  moon.  The  planets  Jupiter,  Saturn,  and 
Uranus,  never  appear  in  any  other  shape  than 
round,  or  with  full  enlightened  hemispheres.  This 
circumstance  of  itself  furnishes  a  proof  that  we 
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Bee  tnese  planets  always  in  a  direction  not  very 
remote  from  that  in  which  they  are  illiuniiiated 
by  the  sohtr  rays;  an^,  consequently,  that  we  oc- 
cupy a  strition  which  is  n^ver  very  far  removed 
from  the  center  of  their  orbits.  It  proves,  in 
other  words,  that  the  patli  of  tiie  earth  round  the 
Bun  is  entirely  included  within  their  orbits,  and 
likewise  that  this  circular  path  of  tlie  earth  is  of 
small  diameter  compared  with  their  more  expansive 
orbits.  This  may  be  illustrated  by  the  following 
figui'es.     Let  S,  Fig.  32,  represent  the  sun;  A  B 

Fig.  31.  Ficr.  32. 


ranted  to  conclude  that  the  diameter  of  the  orbit  of 
Mars  cannot  be  less  than  1  1-2  that  of  the  orbit 
of  the  earth.  The  phases  of  Saturn,  Jupiter,  ai)(! 
Uranus  being  quite  impprceptible,  dwnonstrate 
that  their  orl>its  must  include  both  the  orbit  of 
the  earth  and  that  of  Mars;  and,  consequently, 
that  they  are  removed  at  a  much  greater  distance 
than  either  of  tiiese  bodies  from  the  center  of  tiia 
system. 

Before  proceeding  to  a  particular  description  of 
the  phenomena  connected  with  the  planet  Mars, 
I  shall  give  a  brief  sketch  of  the  motions  peculiar 
to  this  planet,  which  will  serve,  in  some  measure, 
as  a  specimen  of  the  apparent  motions  of  all  the 
other  superior  planets.     lu  the  following  figure  S 


Fig.  34. 


tLe  orbit  of  the  earth;  and  C  the  planet  Saturn, 
about  ten  times  fartlier  from  the  sun  than  the 
earth  is.  Suppose  B  to  represent  the  earth  at  its 
greatest  elongation  from  the  sun,  as  seen  from 
Saturn;  the  angle,  S  C  B,  being  so  small,  it  is 
evident  that  an  observer  on  the  earth,  at  B,  can 
see  little  or  nothing  of  the  dark  hemisphere  of 
Saturn  at  C,  but  must  perceive  the  whole  en- 
lightened hemisphere  of  the  planet,  within  a 
small  fraction,  which  fraction  is  not  perceptible 
bv  our  best  telescopes 

There  is  only  one  of  the  superior  planets  that 
exhibits  any  perceptible  phaie,  and  that  is  the  pla- 
net iJ/crs.  In  Fig.  31,  S  repres^'nts  the  sun:  E 
D,  the  orbit  of  the  earth;  M,  Rlars;  and  D,  the 
earth  at  its  greatest  elongntion,  as  seen  from  Mars. 
In  this  case  the  angle  S  ill  D  is  much  larger  than 
in  the  former  case,  as  Mars  is  much  nearer  to  the 
earth  than  Saturn  or  any  other  of  tlie  superior 
planets.  Consequently,  a  spectator  on  the  earth  is 
enabled  to  see  a  greater  portion  of  the  dark  hr/mi- 
sphere  of  Mars,  and,  of  course,  loses  sight  of  a 
corresponding  portion  of  his  enlightened  disc — 
This  is  represented  by  the  line  h  i.  This  gibbous 
phase  of  Mars,  however,  differs  only  in  a  small 
degree  fiom  a  circle;  it  is  never  less  than  seven- 
eighths  of  (he  whole  disc.  This  phase  is  repre- 
sented in  Fig.  33.  When  the  earth  arrives  near 
the  point  F,  when  Mars  appears  in  opposition  to 
the  sun,  the  whole  of  his  enlightened  hemisphere 
is  then  visible.  The  extent  of  the  gibbous  phase 
of  this  planet  affords  a  measure  of  the  angle's 
M  D,  and.  therefore,  of  the  proportion  of  the  dis- 
tance, S  M  of  Mars,  to  S  D  or  S  F,  the  distance 
of  the  earth  from  the  sun,  by  which  we  are  war- 


represents  the  sun;  A  B  C  D  the  planP*:  Alnrs  in 
four  different  positions  in  its  orbit;  E  F  G  H  I  K 
the  orbit  of  the  earth;  and  L  M  N  O  P,  a  seg- 
ment of  the  starry  heavens.  Suppose  Mars  at  A 
and  the  earth  at  E,  directly  between  it  and  the 
sun,  then  all  the  planet's  enlio-htened  hemisphere 
will  be  turned  toward  the  earth,  and  it  will  appf^nr 
like  the  full  moon.  When  the  planet  is  at  B  it 
will  ha  gibbouS,  like  the  moon  a  f"w  days  before 
or  after  the  full.  At  C  it  would  again  appear 
wholly  enlightened,  were  it  not  in  the  same  part 
of  the  heavens  with  the  sun.  At  D  it  is  again 
gibbous,  as  seen  from  E,  and  will  appear  less  gib- 
bous as  it  advances  toward  A.  At  A  it  i.s  said  to 
be  in  opposition  to  the  sun,  being  seen  from  the 
earth  at  E  among  the  stars  at  N,  while  the  sun  ij 
seen  in  the  opposite  direction.  E  C.  When  the 
planet  is  at  C  and  the  earth  at  E.  it  is  said  to  be 
in  conjunction  with  the  sun,  being  in  the  same 
part  of  the  heavens  with  that  luminary.  In  re- 
gard to  all  the  superior  planets,  there  is  but  one 
conjunction  with  the  sun  during  the  coarse  of 
their  revolution;  whereas  the  inferior  planets, 
Mercury  and  Venus,  have  two  conjunctions,  as 
formerly  explained.  I^et  us  now  attend  to  the 
apparent  motions  of  this  planet.  Suppose  the 
earth  at  F,  and  the  planet  at  rest  in  its  orbit  at  j1; 
it  will  be  projected  or  seen  by  a  ray  of  light 
among  tlie  stars  at  L;  when  the  earth  arrives  nt 
G,  the  planet  will  appear  at  M,  by  the  ray  G  M; 
and  in  the  same  manner,  when  the  earth  is  at  H, 
I,  and  K,  tlie  planet  will  be  seen  among  the  stars 
at  N,  O,  and  P;  and,  therefore,  while  ihp.  earth 
moves  over  the  large  part  of  its  orbit,  F  H  K,  tliH 
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planet  vpill  liave  an  apparent  motion  from  L  to  P 
among-  the  stars;  and  tliis  motion  is  from  west  to 
eu.st,  ill  tlie  order  of  the  signs,  or  in  tlie  same 
reciioii  in  wliicli  tlie  earth  moves;  and  the  planet 
;s  tlieu  said  to  be  direct  in  motion.  When  tlie 
eartli  is  at  K  and  the  planet  appears  at  /',  for  a 
short  space  of  time  it  appears  statioTianj,  he- 
ciuise  tlie  ray  of  light  proceeding'  from  P  to  K 
nearly  coinciiles  with  the  earth's  orbit  ami  the  di- 
rection of  its  motion.  But  wlien  tlie  earth  moves 
on  t>om  A'  to  E,  tlie  planet  will  appear  to  return 
from  P  to  N;  and  wliile  the  earth  moves  from  E 
to  F,  llie  planet  will  still  continue  to  retrograde 
fioni  N  to  L,  where  it  will  uguiu  appear  stulioiiary 
as  before.  From  whut  has  been  new  slated,  it  is 
clear,  thai  since  the  part  of  the  orbit  which  the 
earth  describes  in  passing  through  F  H Kis  inr.cli 
giv.'iter  than  the  arc  K  E  F,  and  the  space  L  P 
wiiich  the  planet  dnscribcs  in  its  direct  and  retro- 
gia(;e  motion  is  the  snme;  tlierefore,  the  direct  nio- 
Uiin  ii  very  sloio  from  L  to  P,  in  comparison  of 
the  retroyrade  motion  fiom  P  to  L,  which  is  per- 
formed in  much  less  lime. 

in  the  above  descriptitin  I  have  supposed  the 
f*lanet  at  rest  in  its  orbit  at  A,  in  order  to  render 
l!ie  explanation  more  easy  and  simple,  and  the 
(h;igra!n  less  complex  than  it  would  have  been 
had  v/e  traced  the  planet  through  different  parts 
of  its  orbit,  together  with  the  molions  of  the 
earth.  But  the  appearances  are  the  same,  whether 
we  sujjpose  the  planet  to  be  at  rest  or  in  motion. 
The  only  difference  is  in  the  time  when  the  retio- 
grade  or  direct  motions  happen,  and  in  the  places 
of  the  heavens  where  the  planet  will  be  at  such 
times  situated.  What  has  now  been  stat;^;t  in  re- 
gard to  the  apparent  motions  of  Mars  will  apply 
to  Jupiter,  Saturn,  and  all  the  superior  planets, 
making  allowance  for  the  difference  of  time  in 
which  their  direct  and  retrograde  motions  are 
performed.  All  the  superior  planets  are  retro- 
grade in  their  apparent  motions  when  in  opposi- 
tion, and  for  some  time  before  and  after;  but  they 
differ  greatly  from  each  other,  both  in  the  extent 
of  their  arc  of  retrogradation,  in  the  duration  of 
their  retrograde  movement,  and  in  its  rapidity, 
when  swiftest.  It  is  more  extensive  and  rapid  in 
the  case  of  Mcrs  than  of  Jupiter,  of  Jupiter  than 
of  Saturn,  and  of  Saturn  than  of  Uranus.  The 
longer  the  periodic  time  or  annual  revolution  of  a 
superior  planet,  the  more  frequent  are  its  stations 
and  retrogradations;  tiiey  are  less  in  quantity,  but 
continue  a  longer  time.  The  mean  arc  of  retro- 
graJation  of  Mars,  or  from  P  to  L,  Fig.  34,  is 
sixtcai  degrees,  twelve  minutes,  and  it  continues 
about  seventy -three  days;  while  the  mean  arc  of 
retrogradation  of  Jupiter  is  only  nine  degrees, 
fifty-four  minutes,  but  its  mean  duration  is  about 
121  days.-  The  time  between  one  opposition  of 
Saturn  and  another  is  378  days,  or  one  year  and 
iLirteen  days.  The  time  between  tv70  conjunc- 
tions .-r  oppositions  of  Jupiter  is  39c  days,  or  one 
year  :ind  thirty-three  days.  But  Mars,  after  an 
apposition,  does  not  again  come  into  the  same  situ- 
ation until  after  two  years  and  fifty  dajs.  It  is 
only  at  and  near  the  time  of  the  opposition  of 
i\Iars  that  we  have  the  best  telescopic  views  of  that 
planet,  as  it  is  then  nearest  the  earth;  and,  conse- 
quently, when  it  has  passed  its  opposition  for  any 
considerable  time,  a  period  of  two  years  must 
elapse  before  we  se«  it  again  in  such  a  conspicu- 
ous situation.  Hence  it  is  that  this  planet  is  sel- 
dom noticed  by  ordinary  observers,  except  during 
P-  period  of  three  or  four  months  every  two  years. 
At  all  other  times  it  dwindles  to  the  apparent  size 
'if  a  small  star. 

Distance,  Motion,   and   Orhit   of  Mars. — This 
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planet  is  ascertained  to  be  about  115  millions  o' 
miles  from  the  sun.  From  what  we  liave  slated 
above,  it  is  obvious  that,  in  t!ie  course  of  its 
revolution,  it  is  at  very  dilFerent  distances  from 
the  earth.  When  at  its  greatest  distance,  as  when 
the  earth  is  at  E,  and  tl;e  planet  at  C,  Fig  34,  it 
is  240  millions  of  miles  from  the  earth.  This 
will  appear  from  an  inspection  of  tlie  figure.  I'lr; 
distance,  E  S,  from  tiie  earth  to  the  sun  is  Uo 
millions  of  miles;  the  distance,  S  C,  of  Mars 
from  the  sun  is  145  millions.  These  distances, 
a'Ided  together,  amount  to  the  whole  distance  from 
E  to  C,  or  from  the  earth  to  Mars  when  in  con-j 
junction  with  the  sun.  When  nearest  the  earth, 
as  at  A,  it  is  only  50  millions  of  miles  distant 
from  us.  For  as  the  whole  distance' of  the  planet 
from  the  sun,  A  S,  is  145  millions,  subtract  the 
distance  of  the  earth  from  the  sun,  E  &'=95  mil- 
lions, and  the  remainder  will  be  the  distance  of 
the  planet,  E  .4=50  millions  of  miles  from  the 
earth.  Small  as  this  distance  may  appear  com- 
pared with  that  of  some  of  the  other  planets,  il 
would  require  more  than  285  years  for  a  steam- 
carriage,  moving  without  intermission  at  the  rate 
of  twenty  miles  an  liour,  to  pass  over  the  spacft 
which  intervenes  between  the  earth  and  M.Tirs  at 
its  nearest  distance. 

From  what  has  been  now  stated,  it  is  evident 
that  this  planet  will  present  a  very  different  aspect, 
as  to  si'Ze  and  splendor,  in  the  different  parts  of 
its  orbit.  When  nearest  to  the  earth,  it  appears 
with  a  surface  twenty-five  times  larger  than  it 
does  at  its  greatest  distance,  and  seems  to  vie  with 
Jupiter  in  apparent  magnitude  and  splendor.  But, 
when  verging  toward  its  conjunction  with  the 
sun,  il  is  almost  imperceptible.  And  this  is  one 
proof,  among  others,  of  the  truth  of  the  Copcnii- 
con  system.  All  its  motions,  stations,  and  direct 
and  retrograde  movements,  and  the  times  ia 
which  they  happen,  exactly  accord  with  its  posi- 
tion in  the  system  and  the  motion  of  the  earth, 
as  a  planet  between  the  orbits  of  Venus  and  Mars. 
Whereas,  were  the  earth  supposed  to  be  the  cen- 
ter of  this  planet's  motion,  according  to  the 
Ptolemaic  hypothesis,  it  would  be  impossible  to 
account  for  any  of  the  phenomena  above  stated. 

The  orbit  of  Mars  is  901,0G4,000,  or  more  than 
900  millions  of  miles  in  circumference.  Tlirough 
this  space  it  moves  in  one  year  and  322  days,  or 
in  16,488  hours.  Consequently,  its  rate  of  mo- 
tion is  54,640  miles  every  hour,  which  is  more 
than  a  hundred  times  the  greatest  velocity  nf  a 
cannon  ball  when  it  leaves  the  mouth  of  the 
cannon.  The  diurnal  rotation  of  this  planet,  or 
its  revolution  round  its  axis,  is  accomplished  in 
twenty-four  hours,  lliirty-nine  m?liutes,  twenty- 
one  seconds,  which  is  about  two-thirds  of  an  hour 
longer  than  our  day.  This  period  of  rot'jtlion 
was  first  ascertained  by  Cassini,  from  the  motion 
of  certain  spots  o  i  its  surface,  which  I  shall  after- 
ward describe.  Its  axis  is  inclined  to  the  plane 
of  its  orbit  in  an  angle  of  thirty  degrees,  eigliteen 
minutes,  which  is  nearly  seven  degrees  more  in- 
clined from  the  perpendicular  than  that  of  the 
earth.  This  motion  is  in  the  same  direclion  as 
the  rotation  of  the  earth,  namely,  from  west  to 
east  Tlie  inclination  of  Ihe  orbit  of  Mara  to 
thai  of  the  earth  is  one  degree,  fifty-one.  minutes, 
six  seconds,  so  that  this  planet  is  never  so  much 
as  two  degi'fes  either  north  or  south  of  the  eclip- 
tic. The  orbit  of  Mars  is  considerably  eccentric 
Its  eccentricity  is  no  less  than  1*^,463,000  miles, 
or  about  1-21  of  its  diameter,  which  is  more  than 
eight  times  the  eccentricity  of  the  orbit  of  tha 
earth.  Hence  it  follows,  that  Mars,  when  in  op 
position  to  the  sun,  may  be  nearer  the  earth  by 
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B  considerable  number  of  millions  of  miles  at  one 
time  than  at  another,  when  he  hap|)ens  to  be 
about  iiis  perihelion,  or  nearest  distance  from  the 
Bun  at  sucii  opposition.  On  the  iJTth  of  August, 
1719,  this  planet  was  in  such  a  position,  being  in 
opposition  within  two  and  a  half  degrees  of  its 
perihelion,  and  nearer  to  the  earth  than  it  had 
been  for  a  long  period  before;  so  tliat  its  magni- 
tude and  brightness  were  so  tnuch  increased,  tliat, 
by  common  spectators,  it  was  taken  for  a  new  star. 
Appearance  of  the  Surface  of  Mars  wftfjn  viewed 
through  Telescopes. — It  was  not  before  the  tele- 
ecope  was  brought  to  a  certain  degree  of  perfec- 
tion that  spots  were  discovered  on  the  surface  of 
Mars.  This  instrument  was  first  directed  to  the 
heavens  by  Galileo,  in  tlie  year  1610;  but  it  was 
not  until  tiie  beginning  of  lliGlJ  tliat  any  of  the 
spots  which  diversify  tliis  planet  were  discovered. 
On  the  Gth  of  February,  that  year,  in  the  morn- 
ing, Cassini,  with  a  telescope  of  sixteen  feet  long, 
eaw  two  dark  spots  on  the  face  of  Mars,  as  repre- 
eented  in  Fig.  35;  and  on  Februarj'  24,  in  the 
evening,  he  saw  on  the  other  face  of  the  planet 
two  other  spots,  somewhat  like  those  of  the  first, 
but  larger,  as  represented  in  Fig.  36. 

Fig.  36. 


These  figures  are  copied  from  the  first  volume  of 
the  Transactions  of  the  Royal  Society.  After- 
ward, continuing  his  observations,  he  found  the 
spots  of  tliese  two  faces  to  turn  by  little  and  little 
from  cast  to  west,  and  to  return  at  last  to  the 
came  situation  in  which  he  liad  first  seen  them. 
Campani  and  several  other  astronomers  observed 
similar  spots  about  tiie  same  time  at  Rome,  and 
Dr.  Hook  in  England.  Some  of  these  observers 
were  led  to  conclude,  from  the  motion  of  these 
spots,  that  the  rotation  of  this  planet  was  accom- 
plished in  thirteen  hours;  but  Cassini,  who  ob- 
served them  with  particular  care,  proved  that  the 
period  of  rotation  was  about  twenty-four  hours 
and  forty  minutes,  and  showed  that  the  error  of 
the  other  astronomers  arose  from  their  not  distin- 
guishing the  diiFerence  of  the  spots  which  appeared 
on  the  opposite  sides  of  the  disc  of  Mars.  The 
deductions  of  Cassini  on  this  point  have  been 
fully  confirmed  by  subsequent  observations. 

Maraldi,  a  celebrated  French  mathematician 
and  astronomer,  made  particvdar  observations  on 
these  spots  in  the  year  1704.  He  observed  that 
the  spots  were  not  always  well-defined,  and  that 
they  often  changed  their  form,  not  only  in  the 
space  of  time  from  one  opposition  to  another, 
but  even  within  the  space  of  a  month;  but  some 
of  them  continued  of  the  same  form  long  enough 
to  ascertain  their  periods.  Among  these  was  an 
oblong  spot,  not  unlike  one  of  the  broken  belts 
of  Jupitf'r,  that  did  not  reach  quite  round  the 
body  of  Mars,  but  had,  not  far  from  the  middle 
of  it,  ii  small  protuberance  toward  the  north,  so 
well-defined  as  to  enable  liim  to  settle  the  period 
of  its  revolution  at  twenty-four  hours,  thirty-nine 
minutes;  oidy  one  minute  less  than  as  ("assini 
jiiid  determined  it.  This  appearance  of  Mars  is 
represented  in  Fig.  37.  On  the  27th  of  August, 
1719,  the  same  observer,  with  a  telescope  of  thir- 


ty-four feet  in  length,  perceived,  among  tse'vtiul 
olhi^r  spots,  a  long  bell  that  reached  about  half 
way  round  the  jilanet,  not  parallel  to  it.s  equator, 
to  the  end  of  which  another  short  belt  was  joined, 
so  as  to  form  an  angle  a  little  obtuse,  as  repre- 
sented in  Fig.  3rf. 


Fig.  37. 


Fig.  38. 


The  following  figures  represent  the  appearance 
of  the  spots  as  seen  by  Dr.  Hook  in  16CG.  He 
saw  Mars  on  March  3,  16GG,  as  represented  ia 
Fig.  39,  which  appearance  was  taken  down  at  the 
moment  of  observation.  On  the  23d  of  the  same 
month  he  perceived  the  spots  as  delineated  in  Fig. 
40,  which   appears  to  have  been  either  the  same 
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spots  in  anothtr  position,  or  some  other  spota  on 
the  other  hemisphere  of  the  planet. 

The  following  are  two  views  of  this  planet  by 
Sir  William  Herschel,  who  has  given  a  great 
variety  of  delineations  of  the  different  appear- 
ances of  Mars  in  the  Transactions  of  the  Royal 
Society  of  London  for  1764. 

Fig.  41  Fig.  42. 


My  own  views  of  this  planet  have  not  bee-j 
numerous,  as  it  is  only  at  intervals  of  two  years, 
when  near  its  opposition,  that  observations  can 
be  made  on  its  surface  with  effect.  I  have,  hovir- 
cver,  distinctly  perceived  its  surface  as  delineated 
in  Figures  43  and  44. 

Fig.  43  Fig.  44. 


These  observations  were  made  in  Novembei 
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and  December,  1832,  and  in  January,  1837,  and 
tlie  appearances  were  very  nearly  the  same;  but 
tlie  spots  as  represented  in  the  two  figures  were 
seen  at  different  times,  and  were  evicieiitly  on 
diliereut  heniisplieres  of  tlie  planet,  which  were 
Dresented  in  succession  by  its  motion  of  rotation. 
The  instrument  used  in  the  observations  was  a 
H}-2  inch  achromatic  telescope.,  with  mugnil'ying 
powers  of  130  and  IsO  times. 

Beside  the  dark  spots  here  delineated,  there  is  a 
small  portion  of  tiie  globe  of  Mars,  round  its 
south  ]»ole,  which  has,  at,  least  occasionally,  a 
much  brigliler  appearance  than  the  other  parts. 
Maralui,  who  made  observations  on  Mars  about 
the  year  171!),  says,  that  this  bright  spot  had  been 
noticed  for  si.xty  years  before  that  period,  and  tliat 
it  is  more  permanent  than  any  of  the  other  spots 
of  Mars;  that  this  segment  or  zone  is  not  all  of 
equal  brightness,  more  than  one-half  of  it  being 
brighter  than  the  rest;  that  the  part  which  is  least 
bright  is  subject  to  great  changes,  and  has  some- 
times disajipeared;  and  that  there  has  sometimes 
been  seen  a  similar  luminous  zone  round  the 
north  pole  of  Mars,  which  has  appeared  of  diffe- 
rent brightness  in  different  years.  The  bright 
spot  at  the  polar  point  is  represented  at  a,  Figures 
41  and  42.  These  white  spots  liave  been  conjec- 
tured to  be  snow,  as  they  disappear  when  they  have 
been  long  exposed  to  the  sun,  and  are  greatest 
when  just  emerging  from  the  long  night  of  the 
polar  winter  in  that  ])lanet.  This  is  the  opinion 
of  Sir  W.  Herschel,  in  his  paper  on  this  subject, 
in  the  Philoso})hical  Transactions.  "  In  the  year 
17S1,"  says  this  astronomer,  "the  south  polar 
spct  was  extremely  large,  which  we  might  well 
expect,  as  that  pole  liad  but  lately  been  involved 
in  a  whole  Iwelve-month's  darkness  and  absence 
of  the  sun;  but  in  1783,  I  found  it  considerably 
Bmalk-r  than  before,  and  it  decreased  continually 
from  the  20th  of  May  until  about  the  middle  of 
September,  when  it  seemed  to  be  at  a  stand. 
During  this  last  period,  tlie  south  pole  had  already 
bsen  about  eight  months  enjoying  the  benefit  of 
summer,  and  still  continued  to  receive  the  sun- 
beams, though,  toward  the  latter  end,  in  such  an 
oblique  direction  as  to  be  but  little  benefited  by 
them.  On  the  other  hand,  in  the  year  17bl,  tiif« 
north  polar  spot,  which  had  been  its  twelve-month 
in  the  sunshine,  and  was  but  lately  returning  into 
darkness,  appeared  small,  tliough  undoubtedly  in- 
creasing in  size."  Hence  ho  concludes,  "  that 
the  bright  polar  spots  are  owing  to  the  vivid  re- 
flection of  light  from  frozen  regions,  and  that  the 
reduction  of  those  spots  is  to  be  ascribed  to  their 
being  exposed  to  the  sun." 

Atmosphere  of  Mars. — From  the  gradual  dimi- 
nution of  the  light  of  the  fixed  stars  when  they 
approach  near  the  disc  of  Mars,  it  has  been  infer- 
red tliat  this  planet  is  surrounded  with  an  atmo- 
sphere of  great  extent.  Although  the  extent  of 
this  atmosphere  has  been  much  overrated,  yet  it 
is  generally  admitted  by  astronomers  that  an  at- 
mosphere of  considerable  density  and  elevation 
exists.  Both  Cassini  and  Roejuer  observed  a  star, 
at  six  minutes  from  the  di^sc  of  Mars,  become  so 
faint  before  it  was  covered  by  the  planet,  that  it 
could  not  be  seen  even  with  a  three  feet  telescope; 
(ivhich,  in  all  probability,  was  caused  by  the  light 
of  the  star  being  obscured  by  passing  through  the 
dense  part  of  tlie  atmosphere  of  the  planet.  It 
IS,  doubtless,  owing  to  tliis  circumstance  that 
Mars  presents  so  ruddy  an  appearance,  more  so 
than  any  other  planet  or  star  in  the  nocturnal  sky. 
When  a  beam  of  light  passes  through  a  dense 
medium,  its  color  inclines  to  red,  the  other  rays 
being  partly  reflected   or  absorbed.      Thus   the 


morning  and  evening  clouds  are  generally  tinged 
with  red,  and  the  sun,  moon,  and  stars,  when  near 
the  horizon,  either  rising  or  setting,  unil'ormly 
assume  a  ruddy  aspect,  because  their  light  then 
passes  through  the  lower  and  denser  part  of  our 
atmo:;phere.  When  the  light  of  the  sun  passes 
through  the  atmospjiere  of  Mars,  the  most  re- 
frangible colors,  such  as  the  violet,  will  be  partly- 
absorbed;  and  before  the  reflected  rays  reach  tho 
earth,  tliey  must  again  pass  through  tlie  atmo- 
sphere of  the  planet,  aiid'be  deprived  of  another 
portion  of  the  most  refrangible  rays;  and,  conse- 
quently, the  red  rays  will  predominate,  and  thn 
planet  assume  a  dull  red  color.  This  I  conceivo 
to  be  the  chief  reason  wliy  I  could  never  perceive 
Mars  in  the  day-time,  even  when  in  the  most  fa- 
vorable position,  so  distinctly  as  Jupiter,  although 
the  quantity  of  solar  light  which  falls  on  this 
planet  is  more  than  eleven  times  greater  thaa 
what  falls  on  Jupiter;  which  seems  to  indicata 
that  Jupiter  is  surrounded  with  a  less  dense  and 
more  transparent  atmosphere.  Sir  W.  Herschel, 
though  he  questions  the  accuracy  of  some  of  tho 
observations  of  the  dimness  caused  by  the  appulses 
of  the  fixed  stars  to  this  planet,  yet  admits  that  it 
has  a  considerable  atmosphere.  "  For,"  says  he, 
"  beside  the  permanent  spots  on  its  surface,  1  have 
often  noticed  occasional  changes  of  partial  bright 
belts,  and  also  once  a  darkish  one  in  a  pretty  high 
latitude:  and  these  alterations  we  can  har.ily  as- 
cribo  to  any  other  cause  than  the  variable  dispo- 
sition of  clouds  and  vapors  floating  in  the  atmo- 
sphere of  the  planet." 

Conclusions  respecting  the  Physical  Constitution 
of  Mars. — From  the  preceding  observations  and 
views  we  have  exhibited  of  this  planet,  I  presume 
we  are  warranted  to  deduce,  with  a  high  degree 
of  probability, the  following  conclusions:  l.That 
land  and  water,  analo<^ous  to  those  on  our  globe, 
exist  in  the  planet  Mars.  Tlie  dark  spots  are  ob- 
viousl}'  the  water  or  seas  upon  its  .surface,  which 
reflect  a  much  less  proportion  of  the  solar  ligh| 
than  the  land.  "  The  seas,"  says  Sir  John  Her- 
schel, "  by  a  general  law  in  optics,  appear  j;rreen- 
ish,  and  form  a  contrast  to  the  land.  I  have 
noticed  this  phenomenon  on  many  occasions,  but 
never  more  distinct  than  on  the  occasion  when 
the  drawing  was  made;"  from  which  the  figure 
of  Mars  in  his  "Astronomy"  is  engraved.  It  is 
not  improbable,  from  the  size  of  the  dark  spots 
compared  with  the  whole  disc  of  Mars,  that  about 
one-third  or  one-fourth  of  the  surface  of  that 
planet  is  covered  with  water.  If  this  estimate 
be  nearly  correct,  it  will  follow  that  the  quantity 
of  land  and  water  on  Mars  is  nearly  in  a  reverse 
proportion  to  that  which  obtains  on  our  globe, 
where  the  quantity  of  water  is  nearly  four  times 
greater  than  that  of  the  land.  The  dark  spots  in 
some  of  the  views  given  above  seem  to  convey 
the  idea  of  several  large  gulfs  or  bays  running  up 
into  the  land.  7'he  various  appearances  of  these 
spots  which  we  have  delineated  are  i)artly  owing 
to  the  different  relations  and  positions  in  which 
they  appear  during  different  periods  of  the  planet's 
rotation,  as  I  have  already  shown,  would  happen 
in  the  appearance  of  the  earth  were  it  viewed 
from  a  distance  in  the  heavens  (seepage  41).  2. 
It  is  probable,  too,  that  there  are  strata  of  clouds 
of  considerable  extent  occasionally  floating  in  the 
atmosphere  of  Mars;  for  some  of  the  obsei-vers 
referred  to  above  have  remarked  that  some  of  the 
spots  "  changed  their  form  in  the  course  of  a 
month;"  and  Sir  W.  Herschel,  as  above  stated, 
declares  that  he  has  noticed  "  occasional  changes 
of  partial  bright  belts,  and  also  once  of  a  darkish 
one."    These,  iu  all  probability,  were  clouds  of 


60 


CELESTIAL  SCENERi. 


greater  or  less  density,  which,  for  the  most  part, 
would  appear  brigliter  tiian  the  seas  by  the  reflec- 
tion of  tlie  solar  rays  from  tiioir  upper  surfaces; 
for  although  the  nnder  surface  of  dense  clouds 
appears  dark  to  us  who  view  them  from  below, 
yet,  were  we  to  view  their  upper  surface  from  a 
distance  when  the  sun  shines  upon  them,  they 
would  undoubtedly  ])resent  a  briglit  appearance 
by  the  reliection  of  the  solar  rays.  It  is,  doubt- 
less, owing  to  the  occasional  interposition  of  such 
clouds  in  the  atmosphere  of  Mars,  that  the  per- 
manent spots  sometimes  upjiear  to  vary  their  fo'in 
and  aspect.  3.  A  variety  of  seasons,  somewhat 
similar  to  ours,  must  be  experienced  in  this  planet. 
The  diversity  of  seasons  pn  our  globe  arises 
chiefly  from  the  inclination  of  its  axis  to  the 
plane  of  the  ecliptic.  Now,  in  reference  to  Mars, 
the  a.\is  of  rotation  is  inclined  to  its  orbit  at  even 
a  greater  angle  than  that  of  the  earth;  and,  there- 
fore, the  contrast  between  its  opposite  seasons  is 
probably  more  marked  and  striking  than  on  the 
earth.  The  seasons  will  also  continue  for  a  much 
longer  period  than  with  us,  as  the  year  in  Mars  is 
Dearly  double  the  length  of  ours,  so  that  summer 
and  winter  will  be  prolonged  for  a  period  of  eight 
or  nine  mouths  respectively.  If  the  opinion  of 
Sir  W.  Herschel  be  correct,  that  the  white  spots 
at  the  poles  of  Mars  are  caused  by  the  reflection 
of  the  sun's  rays  from  masses  of  ice  and  snow,  it 
will  afford  an  additional  proof  of  the  existence  of 
a  diversity  of  seasons  on  tiiis  planet,  and  that  its 
inhabitants  are  subjected  to  a  winter  of  great  se- 
verity and  of  long  duration.  4.  This  planet  bears 
a  more  striking  resemblance  to  the  earth  than  any 
other  planet  in  the  solar  system.  Its  distance 
from  the  sun,  compared  with  that  of  the  other 
superior  planets,  is  but  a  little  more  than  that  of 
the  earth.  The  distinction  of  land  and  water  on 
its  surface  is  more  strikingly  marked  than  on  any 
of  the  other  planets.  It  is  encompassed  with  an 
atmosphere  of  considerable  extent.  It  is  proba- 
ble that  large  masses  of  clouds  are  occasionally 
formed  in  that  atmosphere,  such  as  sometimes 
hover  over  the  whole  of  Britain,  and  even  of  Eu- 
rope, for  several  weeks  at  a  time.  The  length  of 
tjie  day  is  nearly  the  same  as  ours,  and  it  has  evi- 
dently a  succession  of  different  seasons.  Were 
we  warranted  from  such  circumstances  to  form 
an  opinion  respecting  the  physical  and  moral  slate 
of  the  beings  that  inhabit  it,  we  might  be  apt  to 
conclude  that  they  are  in  a  condition  not  alto- 
gether very  different  from  that  of  the  inhabitants 
of  our  globe. 

Magnitude  and  Extent  of  Surface  of  Mars. — 
This  planet  is  now  estimated  to  be  about  4200 
miles  in  diameter,  which  is  only  a  little  more 
than  half  the  diameter  of  the  earth.  It  contains 
38,732,OUO,()00  or  more  than  38  thousand  mil- 
lions of  solid  miles  ;  and  the  number  of  square 
miles  on  its  surface  is  55,417,824,  or  more  than 
fifty-five  millions,  which  is  about  six  millions  of 
square  miles  more  tlian  on  all  the  habitable  parts 
of  our  globe.  At  the  rate  of  population  formerly 
slated,  280  to  a  square  mile,  it  would  contain  a 

f)opulation  of  more  than  fifteen  thousand  five 
iuu;lred  millions,  vi'hich  is  nineteen  times  the 
number  of  the  inhabitants  of  the  earth;  but,  as  it 
is  probable  that  one-third  of  the  surface  of  Mars 
is  covered  with  water,  should  we  subtract  one- 
third  from  these  sums,  there  would  still  remain 
accommodation  for  twelve  times  the  number  of 
the  population  of  our  globe. 

No  mtjon  or  secondary  planet  has  yet  been  dis- 
covered about  Mars;  yet  this  is  no  jiroof  that  it  is 
destitute  of  such  an  attendant;  for  as  all  the  se- 
condary planets  are  much  less  than  their  prima- 


<  ries,  and  as  Mars  ranks  among  the  smallest  planet* 
of  the  system,  its  satellite,  if  any  exist,  must  be 
extremely  small.     The  second  satellite  of  Jupiter 
is  only  the  I -43d  part  of  the  diameter  of  that  pla- 
net; and  a  satellite  bearing  the  same  proportion  to 
Mars  would  b^-  only  niuety-sevon  miles  in  diame- 
ter.    But,  suppose  it  were  double  this  size,  it  could 
scarcely  be  uistinguishable   by  our  telescopes,  es- 
pecially when   we  consider   that  such   a  satellite 
would  never  appear  to  recede  to  any  considerable 
diuance  from  the  margin  of  Mars.     The  distance 
of  the  first  satelliie  of  Jupiter  is  onlj'  three   di- 
ameters of  that  planet  from  its  center:  and  the 
distance  of  the  first  satellite  of  Saturn  is  but  ono 
diameter  and  two-thirds  from  its  center.     Now,  if 
a  satellite  of  the  size  vi'e  have  sujiposed  were   to 
revolve  round  Mars  at  the  distance  of  only  two  or 
'  three  of  its  diameters,  its  nearness  to  the  body  of 
I  Mars  would  generally  prevent  its  being  perceived, 
unless  with  telescopes  of  very  great  power  and 
under   certain    favorable   circumstances;    and    it 
could    never   be  expected   to  be  seen   but  about 
j  the  time  of  that  planet's  opposition  to  the  sun, 
i  which   hap])ens  only  at  an  inteiTal  of  more  than 
two  years.     If  such  a  satellite  exist,  it  is  highly 
I  probable  that  it  will  revolve  at  the  nearest  possi'ble 
,  distance  from  the  planet,  in  order  to  afford  it  the 
I  greatest  quantity  of  light;  in  which  case  it  would 
I  never  be  seen  beyond  two  minutes  of  a  degree 
j  from  the  margin  of  tiie  planet,  and  that  only  in 
I  certain  favorable  positions.      If  the  j)lane  of   its 
I  orbit  lav  nearly  in  a  line  with  our  axis  of  vision, 
it  would  frequently  be  hidden  either  by  the  inter- 
{  position  of  the  body  of  Mars  or  by  transiting  its 
j  disc.     It  is  therefore  possible,  and  not  at  all  im 
j  probable,  that  Mars  may  have  a  satellite,  although 
I  it  has  not  yet  been  discovered.     It  is  no  argument 
I  for  the  non-existence  of  such  a  body  that  we  have 
not  yet  seen  it;  but  it  ought  to  serve  as  an  argu- 
ment to  stimulate  us  to  apply  our  most  powerful 
instruments  to  the  regions  around  this  planet  with 
more  frequency  and  attention  than  we  have  hith- 
erto done,  and  it  is  possible  our  diligence  may  be 
rewarded  with  the  discovery.     The  long  duration 
of  winter  in  the  polar  regions  of  Mars  seems  to 
require  a  moon  to  cheer  them  during  the  long  ab- 
sence of  the  sun;  and  if  there  be  none,  the  inha- 
bitants of  those  regions  must  be  in  a  far  more 
dreary  condition  than  the  Laplanders  and  Green- 
landers  of  our  globe. 

Proportion  of  Light  on  the  Surface  of  Mars. — 
As  the  quantity  of  solar  light  on  any  of  the  pla- 
nets is  in  an  inverse  proportion  to  their  distances 
from  the  sun,  trie  quantity  of  light  which  falls 
upon  Mars  will  be  much  less  than  that  which  wo 
enjoy.  It  is  nearly  in  the  proportion  of  43  to  100, 
which  is  less  than  one-half  of  the  light  which 
falls  upon  the  earth.  This  is  partlj'  the  reason 
why  RIars  appears  so  much  less  brilliant  than  Ve- 
nus, but  it  is  not  the  only  reason;  for  Ju|)iter  a[*< 
pears  much  more  brilliant  than  Mars,  although  he 
is  placed  at  a  much  greater  distance  from  the  sun. 
The  refraction,  reflection,  and  absorjJtion  of  the 
rays  of  light,  in  passing  through  the  dense  atmo- 
sphere to  which  we  have  alluded,  form,  doubtless, 
one  principal  reason  why. Mars  appears  more  som 
ber  in  its  aspect  than  Jupiter  or  Venus  The  fo! 
lowing  figure  represents  the  apparent  size  of  th* 
sun  as  seen  from  Mars  and  the  earth.  The  cir- 
cle m  represents  the  size  of  the  sun  as  seen  from 
Mars,  and  e  as  seen  from  the  earth.  The  degree 
of  heat  on  different  parts  of  this  planet  will  de- 
pend upon  various  circumstances;  the  inclination 
of  its  axis,  the  positions  of  places  in  respect  to  it3 
equator  and  poles,  the  nature  of  its  soil,  the  ma 
terials  which  compose  its  surface,  the  quantity  of 
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water  in  different  regions,  the  constitution  of  its 
atmosphere,  and  other  circumstances  with  which 
We  are  unacquainted. 

The  figure  of  Mars  is  an  oblate  spheroid,  liiie 
'hat  of  the  earth,  but  much  flatter  at  the  poles. — 
Its  equatorial  dianiefer  is  to  its  polar  as  1355  to 
1272,  or  nearly  as  16  to  15;  consequentlj',  if  its 
equatorial  diameter  be  4200  rniles,  its  polar  diame- 
ter will  be  only  3937,  whicli  is  2C3  miles  shorter 
■Jian  the  equatorial.  The  mass  of  this  planet 
compared  with  that  of  the  sun  is  as  1  to  1,846,- 
0S2.  Its  density,  compared  with  water,  is  as  3  2-7 
to  1,  which  is  considerably  less  tlian  that  of  tlie 
earth,  but  greater  than  the  general  density  of  the 
rocks  and  otiier  materials  wliich  compose  the  sur- 
hce  of  our  globe.  A  body  which  weighs  one 
)ound  on  the  surface  of  the  earth  would  weigh 
only  five,  ounces  six  drachms  on  the  surface  of 
Mars. 

V.    ON    THE     LATELY-DISCO\'ERED    PLANETS,  VESTA, 
JUNO,  CERES,  AND    PALLAS. 

The  immense  interval  which  lies  between  the 
irbits  of  Mars  and  Jupiter  led  some  astronomers 
lo  surmise  that  a  planet  of  considerable  magni- 
/"ude  might  possibly  exist  somewhere  within  this 
limit.  This  conjecture  was  grounded  on  the  in- 
/ervals  which  exist  between  the  rest  of  the  plane- 
ttiry  orbits.  Between  the  orbits  of  Mercury  and 
'"'^enus  there  is  an  interval  of  31,000,000  of  miles; 
')etween  those  of  Venus  and  the  earth,  27,000,000; 
.between  those  of  the  earth  and  Mars,  50,000,000; 
>ut  between  the  orbits  of  Mars  and  .lupiter  there 
hitervcnes  the  immense  space  of  349,000,000  of 
miles.  Here  the  order  of  the  solar  .system  was 
lupposrd  to  be  interrupted,  which  would  form  an 
exception  to  the  general  law  of  the  proportion  of 
the  planetary  distances.  No  planetary  body,  how- 
ever, was  detected  within  this  interval  until  the 
beginning  of  the  present  century;  and,  instead 
of  one  large  body,  as  was  surmised,  four  very 
»mall  ones  have  been  discovered.  These  bodies 
ire  situated  at  a  distance  from  Mars  nearly  cor- 
responding to  the  order  and  proportion  to  which 
we  have  now  alluded;  and  this  circumstance  leads 
to  a  belii'f  "  that  it  is  something  beyond  a  mere 
iccidental  coincidence,  and  belongs  to  the  essen- 
tial structure  of  the  system."  As  these  bodies 
are  invisible  to  the  naked  eye,  and  can  only  be 
seen  in  certain  favorable  positions,  and  as  only  a 
Bliort  period  has  elapsed  since  their  discovery,  we 
are  not  yet  much  acquainted  with  many  of  their 
phenomena  and  physical  peculiarities. 

Of  these  four  bodies,  the  first  discovered  was 
that  which  is  now  named  Ceres,  and  sometimes 
Piazzi,  from  the  name  of  its  discoverer.  It  was 
discovered  at  Palermo,  in  the  island  of  Sicily,  on 
the  1st  of  January,  ISOI,  or  the  first  day  of  the 
present  century,  by  Piazzi,  a  celebrated  astronomer 
be'ofiging  to  that  city,  who  has  since  distinguish- 
ed hmiself  by  his  numerous  observations  on  the 
Sxsd  stars.  This  new  celestial  body  was  then  situ- 


ated in  the  constellation  Taurus,  and,  consequent- 
ly, at  no  very  great  distance  from  it.s  opposition 
to  the  sun.  It  was  observed  by  Piazzi  until  the 
12th  of  February  following,  when  a  dangerous 
illness  compelled  liim  to  discontinue  his  observa- 
tions; but  it  was  again  discovered  by  Dr.  Olbers, 
of  Bremen,  after  a  series  of  unwearied  obseiTa- 
tions  and  laborious  calculations,  founded  on  a 
few  insulated  facts  which  had  been  stated  by  Pi- 
azzi. Dr.  Brewster  states-,  in  the  "  Edinburgh 
Encyclopn?dia,"  vol.  ii,  p.  638,  and  likewise  in  his 
second  edition  of  "  Ferguson's  Astronomy,"  vol. 
ii,  p.  38,  "  that  the  rediscovery  of  this  planet  by 
Olbers  did  not  take  place  until  the  1st  of  Janua- 
ry, 1807;"  which  must  be  a  mistake,  for  in  "  Lo 
Decade  Philosophiqucs,"  for  July,  1803,  it  is  stated 
that  Dr.  Olbers,  some  time  before,  received  La 
Lande's  prize  for  having  discovered  the  planet 
Pallas;  and,  at  the  same  time,  his  merit  is  referred 
to  in  having  rediscovered  Ceres;  and  having 
been  among  the  first  that  announced  it  to  the 
world.  Beside,  Sir  W.  Herschel  has  observations 
on  this  planet  in  the  "  Philosophical  Transac- 
tions," of  date  February  7,  1602,  which,  o. 
course,  was  posterior  to  Dr.  Olbers'  rediscovery. 

The  planet  Pallas,  or,  as  it  is  sometimes  .•iamed, 
Olbers,  was  discovered  on  the  26th  of  March, 
1802, — only  fifteen  months  after  the  discovery  of 
Ceres, — by  Dr.  Olbers,  a  ])hysician  at  Bremen,  in 
Lower  Saxony,  distinguished  for  his  numerous 
celestial  observations,  and  for  his  easj'  and  com- 
modious method  of  calculating  the  orbits  of  co- 
mets. The  planet  Juno  was  discovered  on  tlio 
evening  of  September  1,  1804,  within  two  years 
and  a  half  of  the  discovery  of  Pallas,  by  M.  Har- 
ding, at  the  observatory  of  Lilienthal,  near  Bre- 
men, while  endeavoring  to  form  an  atlas  of  all  the 
stars  near  the  orbits  of  Ceres  and  Pallas,  with  the 
view  of  making  further  discoveries.  Wiiile  thus 
engaged,  he  perceived  a  small  star  of  about  the 
eightli  magnitude,  vi'hich  was  not  marked  in  the 
Celestial  Atlas  of  La  Lande,  which  he  put  down 
in  his  chart.  Two  days  afterward  he  found  that 
the  star  had  disappeared  from  the  position  in 
which  he  had  marked  it;  but  a  little  to  the 
south-west  of  that  position  he  perceived  anothei 
star  resembling  it  in  size  and  color;  and  having 
ob'.en,ed  it  again  on  the  5th  of  September,  and 
finding  that  it  had  moved  a  little  in  the  same  di- 
rection as  before,  he  concluded  that  it  was  a  raov- 
i. y  body  connected  with  the  solar  .system. 

The  planet  Vesta  was  discovered  on  the  29th 
o[  March,  1807,  little  more  than  two  years  and  a 
half  after  the  discovery  of  Juno,  so  that  four 
primary  planets  belonging  to  our  system,  which 
had  been  hidden  for  thousands  of  years  from 
the  inhabitants  of  our  globe,  were  discovered 
within  the  space  of  little  more  than  six  years — 
Vesta  must  then  have  been  near  its  opposition. 
The  discover}'  of  Vesta  was  made  by  Dr.  Olbers, 
who  had  previously  discovered  Pallas,  and  redis- 
covered Ceres.  He  had  formed  an  idea  that  the 
three  small  bodies  lately  discovered  might  possi- 
bly be  the  fragments  of  a  larger  planet,  which  had 
been  burst  asunder  by  some  unknown  and  power- 
ful irruptive  force  ])roceeding  from  its  interior 
parts,  and  that  more  fragments  might  still  l)e  de- 
tected. Whether  tliis  position  be  tenable  or  not, 
it  seems  to  have  led  to  the  discovery  of  Vesta;  for 
the  doctor  concluded,  if  his  opinions  were  just, 
that  although  the  orbits  of  all  these  fragments 
might  be  diflerently  inclined  to  the  ecliptic,  ywv 
as  they  must  all  have  diverged  from  the  same  point 
"  thsy  ought  to  have  two  common  points  of  re- 
union, or  two  vodes  in  opposite  regions  of  the  hea- 
vens, through  w!iich  all  the  planetary  fragmenU 
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must  sooner  or  later  pass."  One  of  these  nodes, 
or  points  of  intersection  of  tlie  orbils  he  fonnd 
to  be  in  tlie  sign  Viryn,  and  the  other  in  tl\e  con- 
etellalion  of  the  Whale;  and  it  was  actually  in 
tiio  regions  of  the  Wiiale  that  the  planet  Juno  was 
discovered  by  M.  Harding.  With  the  view,  there- 
fore, of  detecling  other  fragments,  if  any  should 
exist,  Dr.  Olhers  examined,  three  times  every  year, 
all  the  small  stars  in  the  opposite  constellations  of 
Virgo  and  the  Whale,  and  in  the  constellation  of 
Virgo  the  planet  Vesta  was  first  seen.*  This  was 
doubtless  a  remarkable  coincidence  of  theory 
with  observation,  and  atTords  a  presumption  that 
the  conjecture  of  this  eminent  astronomer  may 
possibly  have  a  foundation  in  fact. 

The  following  is  a  summary  of  what  has  been 
ascertained  respecting  the  distances,  magnitudes, 
and  motions  of  these  bodies: 

The  Planet  Vesta. — Tlie  mean  distance  of  this 
planet  from  the  sun  is  reckoned  to  be  about  225 
millions  of  miles;  its  annual  revolution  is  com- 
pleted in  about  3  years  7i;<  rp.ontiis,  or  in  1325 
days;  tlie  circumference  of  its  orbit  is  1414  mil- 
lions of  miles,  and,  of  course,  it  moves  with  a 
velocity,  on  an  average,  of  more  than  44,000 
miles  an  hour.  The  inclination  of  its  orbit  to 
the  plane  of  the  ecliptic  is  seven  degrees,  eight 
minutes;  and  its  eccentricity  21  millions  of  miles. 
The  diameter  of  this  planet  has  been  estimated 
by  some  astronomers  at  only  about  270  miles; 
and,  if  this  estimate  be  correct,  it  will  contain 
only  229,090  square  miles,  or  a  surface  somewhat 
less  than  Great  Britain,  France,  and  Ireland;  and, 
according  to  the  rate  of  population  formerly  stated, 
would  contain  64  millions  of  inhabitants,  or  about 
five  times  the  number  of  the  inhabitants  of  the 
United  States  of  America,  or  nearly  tiie  twelfth 
part  of  the  population  of  the  earth.  It  is  proba- 
ble, however,  that  this  estimate  is  too  stnall,  and 
that  the  apparent  diameter  of  this  planet  has  not 
yet  been  accurately  taken;  for  the  light  of  this 
body  is  considered  equal  to  that  of  a  star  of  the 
fifth  or  sixth  magnitude,  and  it  may  sometimes 
be  distinguished,  in  a  clear  evening,  by  the  naked 


•William  Olbers,  M.  D.,  the  discoverer  of  Vesta  and 
Pallas,  was  born  on  the  llth  of  October,  17."i8,  at  Arbergen, 
a  village  in  llie  Duchy  of  Bremen,  where  his  father  was  a 
clergyman.  His  father,  beside  bein<j  a  man  of  great  gene- 
ral learning,  was  a  good  matheniatitian  and  a  lover  of  as- 
tronomy. Young  <  libers,  when  in  hi-i  Iburteenth  year,  felt  a 
great  taste  for  that  science.  During  an  evening  walk  in  the 
month  of  August,  having  observed  the  Pleiades,  or  seven 
rtars,  be  beca.ne  very  desirous  of  knowing  to  what  constel- 
lation they  belonged,  tie  therefore  purcliased  some  charts 
lind  books,  and  began  to  study  this  science  with  the  greatest 
diligence;  he  read  with  the  greatest  avidity  every  astrono- 
mical work  he  was  able  to  procure,  and  in  a  few  months 
made  himself  acquainted  with  all  the  constellations.  Find- 
ing that  a  knowledge  of  mathematics  was  necessary  to  the 
study  of  astronomy,  he  devoted  all  his  leisure  time  to  this  sub- 
ject. He  was  at  the  same  time  engaged  in  the  study  of  medi- 
cine as  a  profession.  In  Ihe  year  1779,  when  scarcely  twen- 
■y-one  years  of  age,  he  observed  at  Gottingen,  and  calcu- 
lated tiie  first  comet.  An  account  of  this  labor  was  pub- 
lished in  the  "I5erlin  Astronomical  Calemlar"  lor  1782,  where 
it  is  mentioned  that  Olbers  made  his  construction  one  night 
while  attending  a  patient;  and  yet  it  was  afterward  found 
that  his  determination  of  this  orbit  correspomled  with  the 
most  accurate  elements  of  the  comet  which  were  calculated. 
Since  that  period,  the  astronomy  of  comets  has  been  his  fa- 
vorite study,  and  it  is  admitted  that  none  of  the  methods 
formerly  tried  for  calculating  the  orbit  of  a  comet  is  so  sim- 
ple, ami,  at  the  same  time,  so  elegant  as  that  of  Dr.  Olbers. 
Vvhen  at  Vienna,  amid  all  his  applications  to  the  study  of 
medicine,  he  was  the  tirst  who  observed  the  planet  Uranus 
(after  its  discovery  by  Heischel),  on  the  17lh  of  August, 
1781.  On  the  19tli  he  perceived  its  motion,  and  continued 
his  observations  until  the  end  of  September,  at  which  perioil 
it  was  considered  as  a  comet.  Returning  from  the  scene  of 
his  studies,  he  settled  at  Uremen  as  a  physician,  where  he 
soon  actiuired  the  confidence  of  his  fellow-cilizens,  both  on 
account  of  his  successful  practice  and  integrity  and  affabili- 
ty of  his  characer. 


eye.  Its  light  is  more  intense  and  white  tlnin 
that  of  either  Ceres,  Juno,  or  Pallas;  and  it  is  not 
surrounded  with  any  nebulosity,  as  some  of  these 
planets  are.  It  is  not  likely  that  a  body  of  this 
size  could  be  seen  at  tlie  distance  of  130  millions 
of  miles,  which  is  its  nearest  approach  to  the 
earth,  and  that,  too,  by  the  naked  eye  (as  Schroe- 
ter  ufiirms  he  did  several  times),  unless  the  sub- 
.slunces  on  its  surface  were  of  such  a  nature  as  to 
reflect  the  solar  rays  with  a  far  greater  degree  of 
brilliancy  than  any  of  the  other  planets.  Tlie 
diameter  of  the  third  satellite  of  Jupiter  is  reck- 
oned al  3377  miles,  and  its  surface,  of  course, 
contains  35,827,211  square  miles,  which  is  156 
times  greater  than  the  surface  of  Vesta,  according 
to  the  above  estimation.  Yet  this  salidlite  caa 
never  (or,  at  least,  but  rarely)  be  seen  by  the 
naked  eye.  Vesta  is.  indeed,  only  about  one- 
third  the  distance  from  us  of  the  satellite  of  Jupi- 
ter; but,  making  allowance  for  this  circumstance, 
it  should  be  at  least  twenty  times  larger  in  surface 
than  is  estimated  above  in  order  to  be  seen  by  the 
naked  eye,  or  with  the  same  distinctness  as  the 
third  satellite  of  Jupiter.  In  other  words,  it 
should  have  a  diameter  of  at  least  1200  miles.  If 
this  is  not  the  case,  there  must  be  something  very 
peculiar  and  extraordinary  in  the  reflective  power 
of  the  materials  which  compose  its  surface  to  pro- 
duce such  an  intensity  of  light  from  so  small  a 
body  at  so  great  a  distance  as  130  millions  of 
miles.  I  aio  therefore  of  opinion  that  the  size  of 
tbis  planet  has  not  yet  been  accurateTy  ascer- 
tained, and  that  future  and  more  accurate  obser- 
vations are  still  requisite  to  determine  its  apparent 
diameter  and  real  magnitude. 

The  Plauet  Juno. — The  next  planet  in  the  order 
of  the  system  is  Juno.  Its  distance  from  the  sun 
is  estimated  at  254  millions  of  miles.  Ttie  cir- 
cumference of  its  orbit  is  1596  millions  of  miles. 
Through  this  circuit  it  moves  in  four  years  and 
128  days,  at  the  rate  of  41,850  miles  every  hour. 
Its  diameter,  according  to  the  estimate  of  Schroe- 
ter,  is  1425  Etiglish  miles.  Its  surface  will  there- 
fore contain  six  millions,  three  hundred  and 
eighty  thousand  square  miles,  and  a  population 
of  one  thousand,  seven  hundred  and  eighty-six 
millions,  which  is  more  than  double  the  number 
of  the  earth's  inhabitants.  The  orbit  of  Juno  is 
inclined  to  the  ecliptic  in  an  angle  of  thirteen 
degrees,  three  minutes.  Its  eccentricily  is 
63,588,000  miles,  so  that  its  greatest  distance 
from  the  sun  is  316,968,000  miles,  while  its  least 
distance  is  only  189,792,000.  Its  apparent  diame- 
ter as  seen  from  the  earth  is  little  more  than  three 
seconds.  This  planet  is  of  a  reddish  color,  and  is 
free  from  any  nebulosity;  yet  the  observations  of 
Scliroeter  render  it  probable  that  it  has  an  atmo- 
sphere more  dense  than  that  of  any  of  the  old 
planets  of  the  system.  A  remarkable  variation  in 
the  brilliancy  of  this  planet  has  been  observed  by 
this  astronomer,  u^hich  he  attributes  to  changes 
that  are  going  on  in  its  atmosphere,  and  thinks  it 
not  improbable  that  these  changes  may  arise  frora 
a  diurnal  rotation  performed  in  twenty-seven  hours. 

The  Planet  Ceres. — Tiiis  planet  is  about  26.3 
millions  of  miles  from  the  sun,  and  completes  its 
annual  revolution  in  four  years,  seven  months, 
and  ten  days.  The  circumference  of  its  orbit  is 
1653  millions  of  miles,  and  it  moves  at  the  rate 
of  about  forty-one  thousand  miles  an  hour.  The 
eccentricity  of  its  orbit  is  20,598,000  miles.  Its 
greatest  distance  from  the  sun  is  2''3. 500,000 
miles,  and  its  least  distance  242,300,000.  Its 
apparent  mean  diameter,  including  its  atmosphere, 
according  to  Schroeter,  is  somewhat  more  than 
six  seconds  at  its  mean  distance  from  the  ei»rth 
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Its  leal  di;imcter,  accordinjr  to  the  estimate  of  the    times  the  inclination  of  Mercury's  orbit,  vliich 


same   astronomer,  is    1G24    English    miles;    but, 
including  its  atmosphere,  is  2^4  miles.     Its  sur- 
face, therefore,  contains   S.S-OjJSO   square   miles, 
or  about  the  one-sixth  part  of  (he  habitable  por- 
tions of  our  globe;  and   would  aiFord  accommo- 
dation for  2,oi'J,962,4aO,  or  more  than  2;iU0  mil- 
lions   of   inhabitants,  according    to    the    rate    of 
population  in  England,  which  is  nearly  triple  the 
present  population  of  the  earth.     This  planet  is 
of  a  slight  ruddy  color,  and  appears  about  the  size 
of  a  star  of  the  eighth  magnitude,  and  is  conse- 
quently invisible  to  the    naked  eye.     It  seems  to 
be    surrounded    with    a   dense    atmosphere,    and 
exhibits  a  disc  or  sensible  breadth  of  surface  when 
viewed  with  a  magnifying  power  of  two  hundred 
times.     Schroeter  lias  detorniined,  from   a   great 
number  of   observations,  that  its  atmosphere   is 
about  six  hundred  and  seventy-five  Englisli  miles 
in    bight,   and    that   it    is  subject    to    numerous 
changes.     Like  the  atmosphere  of  the  earth,  it  is 
very  dense  near  the  planet,  and  becomes  rarer  at 
a    greater    distance,    which    causes    its    apparent 
diameter  to  appear  somewhat  variable.    When  this 
planet  is  approaching  the  earth,  toward   the  point 
of  its  opposition  to  the  sun,  its  diameter  increases 
more  rapidly  than  it  ought  to  do  from  the  diminu- 
tion of  jts  distance,  which  Schroeter  supposes  to 
arise  from  the  finer  exterior  strata  of  its  atmo- 
sj)here  becoming  visible  while  it  approaches   the 
earth.     He  also  perceived   that  the  visible  hemi- 
sphere of  the  planet  was  sometimes  overshadowed, 
and   at  other  times  cleared   up,  so   that  he   con- 
cludes there  is  little   chance   of  discovering  the 
period   of  its  diurnal   rotation.     The  inclination 
of  its  orbit  to  the  ecliptic  is  in  an  angle  of  ten 
degrees,  thirty-seven  minutes.     "EJie  intensity  of 
light  upon   its  surface  is  more  than  seven  tijnes 
less  than  what  we  enjoy. 

Sir  William  Herscliel,  in  the  year  18(J2,  after 
the  discovery  of  Ceres  and  Pallas,  made^  num- 
ber of  observations  to  ascertain  if  any  of  these 
bodies  were  accompanied  with  satellites.  Several 
verj'  small  stars  were  occasionally  perceived  near 
Ceres  with  high  magnilying  powers,  of  the  posi- 
tions and  motions  of  which  he  has  given  several 
delineations;  but  it  did  not  ap])('ar  probable,  in 
subsc<]uent  observations,  that  they  accompanied 
the  planet.  In  his  observation  of  April  28,  with 
a  power  of  55U,  he  says,  "Ceres  is  surrounded 
with  a  strong  haziness.  The  breadth  of  the 
coma,  beyond  the  disc,  may  amount  to  the  extent 
of  a  diameter  of  the  disc,  which  is  not  very 
sharply  defined.  Were  the  whole  coma  and  star 
taken  together,  they  would  be  at  least  three  times 


was  formerly  reckoned  to  have  the  greatest  incli- 
nation of  any  of  the  planetary  orbits.  1"he  ec- 
centricity of  the  orbit  of  Pallas  is  likewise  greatei 
than  that  of  any  of  the  other  planets,  I.eing  uo 
less  than  04,516,000  miles,  so  that  this  plai.et  is 
12^,000,000  of  miles  nearer  the  sua  in  one  part 
of  its  orbit  than  it  is  at  the  opposite  exlreniily. 
Its  greatest  distance  from  the  sun  is  1)27, 1.) 7, 000 
miles,  and  its  least  distance  only  ]y^,404,000 
miles.  Of  course,  its  rate  of  motion  in  its  orbit 
must  be  very  variable,  sometimes  moving  several 
thousands  of  miles  an  hour  swifter  at  one  time 
than  at  another,  which  is  likewise  the  case,  in  a 
remarkable  degree,  with  the  planet  Juno.  Ita 
mean  motion  is  about  41,000  miles  an  hour. 

This  planet  presents  a  rud.iy  aspect,  but  less  so 
than  tliat  of  Ceres.  It  is  likewise  surrounded  witli 
a  nebulosity  somewhat  like  that  of  Ceres,  but  of  less 
extent.  The  tbilowing  are  some  of  the  observations 
of  this  planet  by  Schroeter  and  Herscliel.  Tiie  at- 
mosphere of  Pallas,  according  to  Schroeter,  is  to 
that  of  Ceres  as  one  hundred  and  one  to  one  hun- 
dred and  forty-six,  or  nearly  as  two  to  three.  It 
undergoes  similar  changes,  bnt  the  light  of  tha 
planet  exhibits  greater  variations.  On  the  1st  of 
April,  the  atmosphere  of  Pallas  suddenly  cleared 
up,  and  the  solid  nucleus  or  disc  of  the  planet 
was  alone  visible.  'About  twenty-four  hours  af- 
terward, the  planet  appeared  pale  and  surrounded 
with  fog,  and  this  appearance  continued  during 
the  3d  and  4th  of  April;  but  this  phenomenon 
was  not  considered  as  arising  from  the  aiurnal  ro* 
tation  of  the  planet.  The  iollovving  are  Her- 
schel's  observations-  "April  22.  In  vieVfinDf 
Pallas,  I  cannot,  with  the  utmost  attention  and 
under  favorable  circumstances,  perceive  any  sharp 
termination  which  might  denote  a  disc;  it  is 
rather  what  I  would  call  a  nucleus  April  22 
The  appearance  of  Pallas  is  cometary;  tlie  disc, 
if  it  has  any,  being  ill-defined.  When  I  see  it  to 
the  best  advantage,  it  appears  like  a  much-com- 
pressed, extremely  small,  but  ill-defined  planetary 
nebula.  May  1.  With  a  twenty  feet  reflector, 
power  477,  I  see  Pallas  well,  and  perceive  a  very 
small  disc,  with  a  coma  of  sOrne  extent  about  it, 
the  whole  diameter  of  which  may  amount  to  six 
or  seven  times  that  of  the  disc  alone." — Philoso- 
phical Transactions  for  1802. 

The  diameter  of  this  planet  has  not,  perhaps, 
been  ascertained  with  sufl^icient  precision.  Tha 
difl^erence  in  the  estimates  formed  by  Sir  W.  Her- 
scliel and  M.  Schroeter  is  very  great.  According 
to  Schroeter,  the  diameter  of  Pallas  is  2099  miles. 
If  this  estimate  be   nearly  correct,  Pallas  will  be 


as  large  as  my  measure  of  the  star.  The  coma  is  j  about  the  size  of  our  moon,  and  will  comprehend 
very  dense  near  the  nuch-us;  but  loses  itself  pretty  on  its  surface  nearly  fourteen  millions  of  square 
abruptly  on  the  outside,  though  a  gradual  diminu-  miles,  which  would  accommodate  a  population  ot 
tion  is  still  very  perceptible."  These  observations  i  nearly  four  thousand  millions,  or  five  times  the 
seem  to  corroborate  the  idea  that  Ceres  is  encom-  I  population  of  our  world.  The  apparent  mean 
passed  with  an  atmosphere  of  great  density  and  I  diameter  of  this  planet,  comprehending  its  atmo- 


elevation 

The  Planet  Pallas. — Tins  planet  revolves  about 
the  sun  at  the  mean  distance  of  two  hundred  and 
sixty-three  millions  of  miles,  and  finishes  its  revo- 
lution in  1681  days,  17  hours,  or  in  four  years 
and  seven  and  one-third  months,  which  is  within 
a  day  of  the  time  of  the  revolution  of  Ceres. 
Its  di.-itance  is  likewise  nearly  the  same  as  that 
planet,  and  the  circumference  of  its  orbit  will 
also  be  nearly  the  same.     This  planet,  however, 


sphere,   at  its  mean  distance  from  the  earth,  ac- 
cording to  Schroeter,  is  six  and  a  half  seconds. 

Such  is  a  brief  view  of  the  principal  facts 
which  have  been  ascertained  respectii;g  the  pla- 
nets Vesta,  Juno,  Ceres,  and  P.dlas.  All  these 
bodies  are  situated  between  the  orbits  of  Mars 
and  Jupiter,  and  they  are  all  invisible  to  the 
naked  eye,  except,  perhaps,  the  planet  Vesta, 
when  in  certain  favorable  positions.  The  real 
magnitudes  of  these  planets  are  not  to  be  con- 


is  distinguislied  in  a  remarkable  degree  both  from  !  sidered  as  yet  accurately  determined;  they  may 
Ceres  and  from  all  the  other  planets  bj'  the  very  ]  be  a  little  greater  or  less  than  what  is  stated 
great  inclination  of  its  orbit  to  the  plane  of  the  '  above,  though  it  is  not  probable  they  are  much 
ecliptic.  This  inclination  is  no  less  than  thirty-  I  larger.  It  may  not  be  improper  to  remark,  that 
four  degrees,  thirty-seven  minutes,  or  nearly  five  !  on  this  point  there  is  a  great  difference  in  the 
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estimates  of  Scliroeter  and  Herschel,  the  two 
principal  observers  who  have  investigated  tlie 
phenomi'iia  of  these  planets,  owing  to  the  mode 
in  which  they  measured  the  ap|>areiit  diameters 
of  these  bodies.  According  to  Sir  W.  Herschel, 
there  is  none  of  these  bodies  that  exceeds  1G3 
miles  in  diameter.  But  it  is  obvious,  from  the 
considerations  I  have  stated  in  the  description  of 
Vesta,  that  bodies  of  such  a  small  size  could  not 
be  visible  at  such  a  distance,  unless  they  were 
either  luminous  or  composed  of  matter  fitted 
to  rcilect  the  solar  light  with  an  extraordinary  de- 
gree of  brilliancy;  and,  therefore,  it  is  far  more 
probable  that  the"estimates  of  Schroeter  are  near- 
est the  truth. 

Peculiarities  of  the  Neiv  Planets. — These  bodies 
present  to  our  view  various  singularities  and 
anomalies,  which,  at  first  sight,  appear  incompati- 
ble with  the  proportion  and  harmony  which  we 
might  suppose  originally  to  have  characterized 
the  arrangements  of  the  solar  system.  Li  the 
first  place,  their  orbits  have  a  much  greater  degree 
of  inclination  to  the  ecliptic  than  those  of  the  old 
planets.  The  orbit  of  Venus  is  inclined  to  the 
ecliptic  in  an  angle  of  three  degrees,  twenty  mi- 
nutes; of  Mars,  one  degree,  tilty-one  minutes;  of 
Jupiter,  one  degree,  eighteen  minutes;  of  Saturn, 
two  degrees  and  a  half;  and  of  Uranus,  only 
forty-six  minutes.  But  the  -iiiclination  of  the 
orbit  of  Vesta  is  seven  degrees,  nine  minutes;  of 
Juno,  thirteen  degrees;  of  Ceres,  ten  degrees, 
thirty-seven  minutes;  and  of  Pallas,  no  less  than 
thirty-four  degrees  and  a  half,  which  is  nineteen 
times  greater  than  the  inclination  of  Mars,  and 
twenty-seven  times  greater  than  that  of  Jupiter. 
The  proportion  of  these  inclinations  is  represent- 
ed in  the  following  figure. 

Fig.  46. 


Let  A  B  represent  the  plane  of  the  ecliptic,  and 
the  line  C  D  will  represent  the  inclination  of  the 
orbit  of  Pallas  —  'M}^  degrees,  E  F,  the  inclina- 
tion of  the  orbit  of  Juno  =  13  degrees;  G  H,  the 
inclination  of  Vesta's  =  7  degrees;  and  the  dotted 
line  the  inclination  of  Ceres  —  10}^  degrees.  All 
the  older  planets  b.ave  their  orbits  much  less  in- 
clined to  the  ecl'plic,  except  Mercury,  which  has 
nearly  the  same  inclination  as  Vesta;  so  that  the 
zodiac  would  now  require  to  be  extended  nearly 
five  times  its  former  breadth  in  order  to  include 
the  orbits  of  all  the  planets. 

2.  The  orbits  of  these  planets  are  in  general  more 
eccentric  than  those  of  the  other  planets;  that  is, 
they  move  in  longer  and  narrower  ellipses.  The 
following  figure  nearly  represents  the  orbit  of 
Pallas,  and  the  orbit  of  Juno  is  nearly  similar.  S 
represents  the  s\in  in  one  of  the  foci  of  the  ellipse; 
C,  the  center;  F,  the  upper  focus  of  the  elli](se; 


and  the  whole  line  A  B,  the  transverse  diameter 

Now  the  distance  &'  C,  from  the  sun  to  the  center, 

is  the  eccentricity  of  tlie  orbit.     This  eccentricity. 

Fig.  47. 


in  the  case  of  Pallas,  amounts  to  more  than  sixty- 
four  and  a  half  millions  of  miles.  Consequently, 
when  the  planet  is  at  B,  which  is  called  its  Aphe- 
lion, or  greatest  distance  from  the  sun,  it  is  double 
its  eccentricity,  or  the  whole  length  of  the  line 
S  F  farther  from  the  sun  than  when  it  is  at  the 
point  A,  which  is  called  its  Perilielinn,  or  least 
distance  from  the  sun,  that  is,  it  is  121)  millions 
of  miles  farther  from  the  sun  in  the  one  case  than 
in  the  other,  which  is  nearly  one  fourth  of  the  whole 
transverse  diameter  of  the  orbit  A  B.  Conse- 
quently, its  motion  will  be  much  slower,  by  seve- 
ral hundreds  of  thousands  of  miles  a  day,  when 
near  the  point  B,  its  aphelion,  than  when  near  its 
perihelion  at  the  point  A;  and  to  a  spectator  on 
its  surface  the  sun  will  appear  more  than  double 
the  size  from  the  point  A  that  he  does  from  the 
point!?;  and  its  inliabitants  (if  any)  will  experi- 
ence a  greater  diff'rence  in  the  intensity  of  the 
solar  liglit  which  falls  upon  them  in  different  pe- 
riods of  its  year,  than  tliere  is  betv.'een  Venus  a?i(] 
the  earth,  or  between  the  earth  and  Mars.  On 
the  other  hand,  the  eccentricity  of  the  orbits  of 
the  older  planets  is  comparatively  small.  The 
eccentricity  of  the  orbit  of  Venus  is  less  than  half 
a  million  of  miles,  which  is  only  the  l-274th  part 
of  the  transverse  diameter  of  its  orbit.  Tiie 
Earth's  eccentricity  is  1,618,000,  or  the  1-U9lh 
part;  Jupiter's,  l-43d  part;  Saturn's,  l-38th  part; 
and  tliat  of  Uranus,  about  l-43d  part;  whereass 
the  eccentricities  of  Pallas  and  Juno  amount  to 
nearly  one-eighth  part  of  the  transverse  axes  of 
their  orbits.  Were  the  orbits  of  th.o  old  planets 
represented  by  figures  ten  times  larger  than  the 
above  diagram,  they  could  not  be  distinguished 
from  circles.  Li  the  above  figure,  the  dotted 
line  G  H  is  the  conjugate  or  shorter  diameter  of 
the  ellipse.  When  the  planet  is  at  the  points  G 
and  H,  it  is  said  to  be  at  its  jnean  distance  from 
the  sun,  or  at  the  middle  point  between  its  great- 
est and  its  least  distance. 

3.  7'he  Orbits  of  several  of  the  New  Planets  cross 
each  other. — This  is  a  very  singular  and  unac- 
countable circumstance  in  regard  to  the  planetary 
orbits.  It  had  been  long  observed  that  comets,  in 
traversing  the  heavens  in  every  direction,  crossed 
the  orbits  of  the  planets;  but,  before  the  discovery 
of  Pallas,  no  such  anomaly  was  found  throughout 
the  system  of  the  planets.  For  the  orbits  of  all 
the  other  planets  approach  so  nearly  to  circles, 
and  are  se])arated  from  each  other  by  so  many 
millions  of  miles,  that  there  is  no  possibility  of 
such  intersection  taking  place.  The  following 
diagram  represents  the  intersection  of  the  orbits 
of  Ceres  and  Pallas. 

The  central  circle  represents  the  sun;  the  two 
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ney*  circles  the  orbits  of  the  earth  and  Mars;  and 
1}-*^  two  outer  circles,  crossing  each  other,  those 

Fig.  48. 


cf  Ceres  and  Pallas.  In  consequence  of  this  in- 
tersection of  their  orbits,  there  is  a  possihilitij, 
especially  if  the  periods  of  their  revolutions  were 
somewhat  more  different  from  each  other,  that  the 
tW'»  planets  miglit  hapjien  to  strike  against  eacli 
other  were  they  to  mci't  at  the  points  A  and  B, 
where  the  orbits  intersect;  a  very  singular  con- 
tingence  in  the  planetary  system.  It  is  owing  to 
the  very  great  eccentricity  of  the  orbit  of  Pallas 
that  it  crosses  the  orbit  of  Ceres.  It  is  several 
millions  of  miles  nearer  the  sun  in  its  perihelion 
(or  at  A,  Fig.  47)  than  Ceres,  when  in  the  same 
point  of  its  orbit.  But  when  Pallas  is  in  its  aphe- 
lion (or  at  B,  Fig.  47);  its  distance  from  the  sun 
is  several  millions  of  miles  greater  than  that 
of  Ceres  in  the  same  point  of  its  orbit.  Suppose 
its  aphelion  at  C,  Fig.  48;  it  is  farther  from  the 
sun  than  Ceres,  and  nearer  at  D  its  perihelion. 
The  same  things  happen  in  the  case  of  the  other 
two  planets,  particularly  Vesta.  Juno  is  farther 
from  the  sun  at  its  aphelion  than  Ceres  in  the 
same  point  of  its  orbit,  and  Vesta  is  farther  from 
the  siin  in  its  aphelion  than  either  Juno,  Ce- 
res, or  Pallas,  in  their  perihelions.  The  peri- 
helion distance  of  Vesta  is  greater  than  that  of 
Juno  or  Pallas.  Hence  It  follows  that  Vesta  may 
sometimes  be  at  a  greater  distance  from  the  sun 
than  either  Juno,  Ceres,  or  Pallas,  although  its 
mean  distance  ic  less  than  that  of  either  of  them 
by  twenty-eight  millions  of  miles;  so  that  iJie  or- 
bit of  Vesta  crosses  the  orbits  of  all  the  other  three, 
and,  therefore,  it  is  a  possible  circumstance  that  a 
collision  might  take  place  between  Vesta  and  any 
of  these  three-  planets,  were  they  ever  to  meet  at 
the  intersection  of  their  orbits.  Were  such  an 
event  to  happen,  it  is  easy  to  foresee  the  catastro- 
phe that  would  take  jilace.  If  the  collision  of 
two  large  ships,  sailing  at  the  rate  of  ten  miles  an 
hour,  be  so  dreadful  as  to  shatter  their  whole 
frame  and  sink  them  in  the  deep,  what  a  tremen- 
dous sliock  would  be  encountered  by  the  impulse 
of  a  ponderous  globe,  moving  at  the  rate  of  foity 
thousand  miles  an  hour?  A  universal  disruption 
of  their  parts  and  a  derangement  of  their  whole 
couslitutiou  would  immeiiiately  ensue;  their  a,\es 
of  rotation  would  be  changed-;  their  courses  in 
iheir  orbits  altered;  fragments  of  their  substance 
lossed  about  through  the  surrounding  void,  and 
Ide  heavens  above  would  appear  to  run  into  con- 
fusion. Though  we  cannot  affirm  that  such  an 
/>vent  is  impossible  or  will  never  happen,  yet  we 
are  sure  it  can  never  take  place  without  the  per- 


mission and  appointment  of  Ilim  who  at  first  set 
these  bodies  in  n)otion,  and  who  superintends  both 
the  greatest  and  the  most  minute  movements  of 
the  universe. 

4.  Another  peculiarity  in  respect  to  these  pla- 
nets is,  that  they  revolve  nearly  at  the  same  mean 
dislanceg  from  ike  sun.  The  mean  distance  of 
Juno  is  254  millions  of  miles;  that  of  Ceres, 
262,903,000;  and  that  of  Pallas,  202,901,000. 
which  is  almost  the  same  as  Ceres.  This  is  a 
very  different  arrangement  from  that  of  the  oll.er 
planets,  whose  mean  distances  are  immensely  (if- 
ferenl  from  each  other;  Mars  being  50  millions 
of  miles  from  the  orbit  of  the  earth,  and  bO  mil- 
lions from  the  orbits  of  any  of  the  new  planets; 
Jupiter,  270  millions  from  Pallas  ;  Saturn,  412 
millions  from  Jupiter;  and  Uranus,  900  millions 
from  Saturn.  Except  in  the  case  of  the  new 
planets,  the  planetary  system  appears  constructed 
on  the  most  ample  and  magnificent  scale,  corres- 
ponding to  the  uidimited  range  of  inhnite  space 
of  vvliich  it  forms  a  part. 

5.  These  new  planetary  bodies  perform  their 
revolutions  in  nearly  the  same  periods.  The  period 
of  Vesta  is  3  years,  714  months;  that  of  Juno,  4 
years,  41rj  months;  of  Ceres,  4  years,  7I3  months; 
and  of  Pallas,  4  years,  71^  months.  So  that 
there  are  only  three  months  of  difference  be- 
tween the  periods  of  Juno  and  Ceres,  and  scarcely 
the  dillerence  of  a  single  day  between  those  of 
Ceres  and  Pallas;  whereas,  the  periods  of  the 
other  planets  differ  as  greatly  as  their  distances. 
The  period  of  Mercury  is  about  3  months;  of 
Venus,  7to  months;  of  ]\Iars,  nearly  2  years;  cf 
Jupiter,  12  years;  of  Saturn,  29^0 ;  and  of  Ura- 
nus, nearly  84  years.  A  planet  moving  round 
the  sun  in  almost  the  same  period  and  at  tho 
same  distance  as  another,  is  a  singular  anomaly 
in  the  solar  system,  and  could  scarcely  have  been 
surmised  by  former  astronomers. 

6.  Another  singularity  is,  that  these  bodies  are 
all  much  smaller  than  the  other  planets.  Mercury 
was  long  considered  as  the  smallest  primary  pla- 
net in  the  system,  but  it  is  nearly  four  times  larger 
in  surface  than  Ceres,  and  contains  eight  times 
tho  number  of  solid  miles.  Mars,  the  next  small- 
est planet,  is  seventeen  times  larger  than  Ceres; 
and  Jupiter,  the  largest  of  the  planets,  is  170,000 
times  larger  than  Ceres,  when  their  cubical  con- 
tents are  compared.  The  planets  Vesta  and  Juno 
are  smaller  than  Ceres,  and  Pallas  is  only  a  small 
degree  larger.  It  is  probable  that  all  tliL-se  four 
bodies  are  less  in  size  than  the  secondary-  planets, 
or  the  satellites  of  Jupiter,   Saturn,  aud  Uranus. 

Conclusions  respecting  the  Nature  of  the  New 
Planets. — The  anomalies  and  peculiarities  of  these 
bodies,  so  very  different  from  the  order  and  ar- 
rangeiiient  of  the  older  planets,  open  a  wide  field 
for  reflection  and  speculation.  Having  bi^en  ac- 
cuslotned  to  survey  the  planetary  syslt-rn  as  a 
scene  of  pro])orlion,  harmony,  anil  onier,  we  can 
scarcely  a(imitthat  these  bodies  move  in  the  samo 
paths,  and  are  arranged  in  the  same  order  as 
when  the  system  was  originally  constructed  by 
its  Omnipotent  Contriver.  As  we  know  that 
chang"s  have  taken  place  in  our  sublunary  re- 
gion since  our  globe  first  came  frons  the  hands  of 
its  Creator,  so  it  is  not  contrary  either  to  reason 
or  observation  to  suppose  that  changes  and  revo- 
lutions, even  on  an  ample  scale,  may  take  place 
among  the  celestial  orbs.  We  have  no  reason  to 
believe  in  the  "  incorruptibility''  of  the  heavenly 
orbs,  as  the  ancients  imagined,  for  the  planets  are 
demonstrated  to  be  opaque  globes  as  well  as  the 
earth;  they  are  diversified  with  mountains  and 
vales,  and,  in  all  probability,  the  materials  which 
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compose  tlieir  surfaces  and  interior  are  not  very 
different  from  the  subtitances  wliicli  conslitntu  the 
component  parts  of  the  earth.  I  have  ah"eatly 
alluded  to  the  opinion  of  Dr.  Olbers,  that  tlie  new 
planets  are  only  the  fragments  of  a  larger  planet 
wiiicli  luid  been  burst  asunder  by  some  immense 
irrni)tive  force  proceeding  from  its  interior  parts. 
However  strange  this  opinion  may  at  first  sight 
appear,  it  ought  not  to  be  considered  as  eitjier 
very  improbable  or  extravagant.  We  ail  profess 
to  admit,  on  the  authority  of  Revelulion,  that  the 
earth  was  arranged  in  perfect  order  and  beauty  at 
its  first  creation;  and  on  tlie  same  authority  we 
believe  that  its  exterior  crust  was  disrupted,  tliat 
"  the  cataracts  of  heaven  were  opened,  and  the 
fountains  of  the  great  deep  broken  up,"  and  that 
a  flood  of  waters  ensued  vvhicii  covered  the  tops 
of  the  loftiest  inountLiins,  which  transformed  the 
earth  into  one  boun.lless  ocean,  and  buried  the  im- 
mense myriads  of  its  population  in  a  watery 
grave.  This  was  a  catastrophe  as  tremendous 
and  astonishing  as  the  bursting  asunder  of  a 
largo  planet.  Aittiough  physical  agents  may 
have  been  employed  in  either  case  to  produce  the 
effect,  yet  we  must  admit,  in  consistency  with 
the  Divine  perfections,  that  no  such  events  could 
take  place  without  the  direction  and  control  of  the 
Almiglity,  and  that,  when  they  do  happen,  what- 
ever appalling  or  disastrous  effects  they  may  pro- 
duce, they  are  in  perfect  consistency  with  the  moral 
laws  by  which  his  universal  government  is  directed. 
We  know  that  a  moral  revolution  has  taken 
place  among  the  human  race  since  man  was  crea- 
ted, and  that  this  revolution  is  connected  with 
most  of  the  physical  changes  that  have  hapjjcned 
in  the  constitution  of  our  globe;  and,  if  we  be- 
lieve the  sacred  historian,  we  mu-t  admit  that  the 
most  prominent  of  these  physical  changes  or 
concussions  was  the  cons'^quence  or  punishment 
of  man's  alienation  from  God  and  violation  of  his 
laws.  As  the  principles  of  the  Divine  govern- 
ment must  be  essentially  the  same  throughout 
every  part  of  the  boundless  empire  of  ihe  Al- 
miglity, what  should  hinder  us  from  concluding 
that  a  moral  cause,  similar  to  that  which  led  to 
the  physical  convulsions  of  our  globe,  may  have 
operated  in  tlu<  regions  ;o  which  we  allude,  to  in- 
duce the  Governor  of  the  universe  to  undermine 
the  constitution,  and  to  dash  in  pieces  Ihe  fabric 
of  that  world?  The  difference  is  not  great  be- 
tween bursting  a  planet  into  a  number  of  frag- 
ments and  cleaving  the  solid  crust  of  the  earth 
asunder,  removing  rocks  and  mountains  out  of 
their  place,  and  raising  the  bed  of  the  ocean  from 
the  lowest  abyss,  so  as  to  form  a  portion  of  eleva- 
ted land;  all  which  changes  appear  to  have  been 
effected  iu  the  by-past  revolutions  of  our  globe, 
and  both  events  are  equally  within  the  power  and 
tlie  control  of  Iliiii  "  who  rules  in  the  armies  of 
heaven,  and  among  the  inliabitants  of  the  earth," 
whatever  physical  agents  he  may  choose  to  select 
for  the  accomplishment  of  his  purposes.  In  the 
course  of  the  astronomical  discoveries  of  the  two 
prece  iiiig  centuries,  views  of  the  universe  have 
been  laid  open  wliich  have  tended  to  enlarge  our 
conceptions  of  the  attributes  of  the  Diity,  and 
of  the  magnificence  of  that  universe  over  which 
he  presides:  and  who  knows  but  that  the  dis- 
covery of  those  new  planets  described  above,  and 
the  singular  circumstances  in  which  they  are 
found,  are  intended  to  open  to  our  vie-w  a  new 
scene  of  t!ie  physical  operations  of  the  Creator, 
and  a  new  disiday  of  the  operations  of  his  moral 
government  ?  For  all  the  manifestations  of  God 
in  his  Works  are  doubtless  intended  to  produce  on 
the  mind  not  only  an  intellectual,  but  also  a  ntoral 


effect;  and  in  this  view  the  heavens  ought  to  bo 
contemplated  with  as  much  reverence  as  tlie  reve- 
lations- of  his  word.  As  the  great  riovereign  of 
the  universe  is  described  by  the  inspired  writers 
as  being  the  "  King  Eternal  and  Inidsiblc,'''  so  we 
can  trace  his  perfections  and  the  character  of  his 
moral  government  only,  or  chiefly,  through  tho 
medium  of  those  disjilays  lie  gives  of  himself 
in  his  wonderful  operations  both  in  heaven  and 
on  earth.  And  since  in  the  course  of  bis  provi- 
dence, he  has  crowned  with  success  the  inventive 
g'^nius  of  man,  and  led  him  on  to  make  the  most 
noble  discoveries  in  reference  to  the  amjditude 
and  grandeur  of  his  works,  we  have  every  reason 
to  conclude  that  such  inventions  and  such  disco- 
veries, both  ill  the  minute  parts  of  creation  and 
in  the  boundless  sphere  of  the  heavens,  are  in- 
tended to  carry  forward  the  human  mind  to  more 
expansive  views  of  his  infinite  attributes,  of  the 
magnificence  of  his  empire,  and  of  the  moral 
economy  of  the  government  which  he  has  estab- 
lished throughout  tlie  universe. 

The  hypothesis  of  the  bursting  of  a  large  pla- 
net between  Mars  and  Jupiter  accounts  in  a  great 
measure,  if  not  entirely,  for  the  anomalies  and 
apparent  irregiilarilii'S  which  have  been  observed 
in  the  system  of  the  new  planets;  and  if  this  sup- 
position be  not  adn'iitled,  we  cannot  account,  on 
any  principle  yet  discovered,  for  tho  singular  phe- 
nomena which  these  planets  exhibit.  Sir  David 
Brewster,  who  has  entered  into  some  particular 
discussions  on  this  subject,  after  stating  the  re- 
markable coincivlences  between  this  hypothesis 
and  actual  observation,  concludes  in  the  following 
words:  "These  singular  rescmldances  in  the  ino- 
tions  of  the  greater  fragments  and  in  those  of  the 
lesser  fragments,  and  the  striking  coincidence  be- 
tween theory  and  observation  in  the  eccentricity 
of  their  orbits,  in  their  inclination  to  the  ecliptic, 
in  the  position  of  their  nodes,  and  in  the  places 
of  their  aphelia,  are  phenomena  which  could  not 
possibly  result  from  chance,  and  which  concur  to 
prove,  with  an  evidence  amounting  almost  to 
demonstration,  that  the  four  new  planets  have  di- 
verged from  one  common  node,  and  have  therefore 
composed  a  single  planet." 

Another  sfiecies  of  phenomena,  Dn  which  a 
great  mystery  still  hangs,  might  bo  partly  eluci 
dated  were  the  above  hypothesis  admitted,  and 
that  is  the  singular  but  not  well-attested  fact  of 
large  masses  of  solid  matter  falling  from  the  higher 
regions  of  the  atmos|)liere,  or  whit  are  termed 
meteoric  stones.  Few  things  have  puzzled  jiliilo- 
sophers  more  than  to  account  for  large  fragments 
of  compact  rocks  proceeding  from  regions  beyond 
the  clouds,  and  falling  to  the  earth  with  great  ve- 
locity. These  stones  sometimes  fall  during  a 
cloudy,  and  sometimes  during  a  clear  and  serene 
atmosphere;  they  are  sometimes  accompanieil  with 
explosions,  and  sometimes  not.  The  following 
statements,  selected  from  respectable  authorities, 
will  convey  some  idea  of  the  phenomena  peculiar 
to  these  bodies.  The  first  description  I  shall  se- 
lect is  given  by  J.  L.  Lyons,  Esq.,  F.  R.  i^.,  ana 
contained  in  the  "Transactions  of  the  Royal  So- 
ciety." It  is  entitled,  "Account  of  the  Explosion 
of  a  Meteor,  near  Benares,  in  the  East  liidie.<», 
and  of  the  falling  of  sonu  Stones  at  the  same 
time."  The  following  are  only  the  leading  par- 
ticulars. "A  circumstance  cf  so  extraordinary  a 
nature  as  the  fall  of  stones  from  the  heavens  could 
not  fail  to  excite  the  wonder  and  to  attract  the  at 
tention  of  every  inquisitive  mind.  On  the  I9th 
of  December,  1798,  about  eighf  o'clock  in  the 
evening,  a  very  luminous  meteor  was  observed  in» 
the  heavens  by  tho  inhabitants  of  Benares  and 
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the  parts  adjacent,  in  the  form  of  a  large  ball  of 
fire;  it  was  accompanied  by  a  loud  noise  resem- 
bling thunder,  and  a  number  of  stones  fell  from 
it  about  fourteen  miles  from  the  city  of  Benares. 
It  was  observed  by  several  Europeans,  as  well  as 
natives,  in  dilferent  parts  of  the  country.  It  was 
likewise  very  distinctly  observed  by  several  Euro- 

f)ean  gentlemen  and  ladies,  who  described  it  as  a 
arge  ball  of  tire,  accompanied  v.'itli  a  loud  rum- 
bling noise  not  unlike  an  ill-discharged  platoon  of 
musketry.  It  was  also  seen  and  the  noise  heard  by 
several  persons  at  Benares.  When  a  messenger 
was  sent  next  day  to  the  village  near  which  they 
had  fallen,  he  was  told  that  the  natives  had  either 
broken  the  stones  to  pieces,  or  given  them  to  the 
native  collector  or  otiiers.  Being  directed  to  the 
Bpot  where  they  fell,  he  found  four,  most  of  which 
the  fall  had  buried  six  inches  deep  in  the  earth. — 
He  learned  from  the  inhabitants  that,  about  eight 
o'clock  in  ihe  evening,  when  retired  to  their  habi- 
tations, they  observed  a  very  bright  light,  pro- 
ceeding as  from  the  sky,  accompanied  with  a  loud 
clap  of  thunder,  which  was  immeaiately  followed 
by  the  noise  of  heavy  bodies  falling  in  the  vicinity. 
Tliey  did  not  venture  out  to  midve  any  inquiries 
until  next  morning,  when  the  first  circumstance 
that  attracted  their  attention  was  the  appearance 
of  the  earth  being  turned  up  in  several  parts  of 
their  fields,  where,  on  examination,  they  found 
the  stones.  Several  other  stones  of  the  same  de- 
scription weie  afterward  found  by  different  per- 
sons. One  of  these  stones,  of  about  two  pounds' 
weight,  fell  through  the  top  of  the  watchman's 
hut,  close  to  whicii  he  was  standing,  and  buried 
itself  several  inches  in  the  floor,  whicli  was  of 
consolidated  earth.  Tlie  form  of  the  more  per- 
fect stones  appeared  to  be  that  of  an  irregular 
cube,  rounded  off  at  the  edges,  but  the  angles 
were  to  be  observed  on  most  of  them.  At  the 
time  when  the  meteor  appeared  the  sky  was  per- 
fectly sprene;  not  the  smallest  vestige  of  a  cloud 
had  been  seen  since  the  11th  of  the  month,  nor 
were  any  observed  for  many  days  after.  It  is 
well  known  there  are  no  volcanoes  on  the  conti- 
nent of  India,  and  therefore  they  could  not  de- 
rive their  origin  from  any  such  source;  and  no 
etones  have  been  met  with  in  the  earth,  in  that 
part  of  the  world,  which  bear  the  smallest  reaem- 
blance  to  those  now  described." 

On  t!ie  l.lth  of  December,  1795,  a  stone  weigli- 
Ing  iifty-six  pounds  fell  near  Wold  cottage,  in 
Yorkshire,  at  three  o'clock,  p.  m.  It  penetrated 
through  twelve  inches  of  soil  and  six  inches  of 
solid  chalk  rock,  and,  in  burying  itself,  had  thrown 
up  an  immense  quantity  of  earth  to  a  great  dis- 
tance; as  it  fell,  a  number  of  explosions  were 
heaid  as  loud  as  pistols.  In  the  adjacent  villages 
the  sound  was  heard  as  of  great  guns  at  sea;  but 
at  two  aujoiuing  villages  the  sounds  were  so  dis- 
tinct of  something  passing  through  the  air  to  the 
residence  of  Mr.  Topham,  that  five  or  six  people 
came  up  to  see  if  anything  extraordinary  had 
happened  at  his  house.  When  the  stone  was  ex- 
tracted, it  was  warm,  smoked,  and  smelt  very 
strong  of  sulphur.  The  day  was  mild  and  hazy, 
but  tliere  was  no  thunder  nor  lightning  the  whole 
day.  No  such  stone  is  known  in  the  country, 
and  there  is  no  volcano  nearer  than  Vesuvius  or 
Hecla.  Tlie  constituent  parts  of  this  stone  were 
found  exactly  the  same  as  those  of  the  stones  from 
Benares.* 

On  the  ^Glh   of  April,  1603,  an  extraordinary 


•  See  a  long  papet  on  this  subject,  by  E.  Howard,  Esq., 
F.  R.  S.  in  "Transactions  of  the  Royal  Society  of  London" 
fol  1&U2. 


shower  of  stones  happened  at  L'Aigle,  in  Nor- 
mandy. About  one  o'clock,  the  sky  being  almost 
serene,  a  rolling  noise  like  that  of  thunder  was 
heard,  and  a  fiery  globe  of  uncommon  splendor 
was  seen,  whicli  moved  through  the  atmosphere 
with  great  rapidity.  Some  moments  after  there 
was  heard  at  L'Aigle,  and  for  thirty  leagues 
around  in  every  direction,  a  violent  explosion, 
which  lasted  five  or  si.\  minutes;  after  which  was 
heard  a  dreadful  rumbling  like  the  beating  of  a 
drum.  In  the  whole  district  there  was  heard  a 
hissing  noise  like  that  of  a  stone  discharged  from 
a  sling,  and  a  great  many  mineral  masses,  exactly 
similar  to  those  distinguished  by  the  name  of  me- 
teor stones,  were  seen  to  fall.  The  largest  of  these 
stones  weighed  seventeen  pounds  and  a  half.  The 
Vicar  of  St.  Michael's  observed  one  of  the  stones 
fall  with  a  hissing  noise  at  tlie  feet  of  his  niece  in 
the  courtyard  of  his  parsonage,  and  that  it  re- 
bounded more  than  a  foot  from  the  pavement. — 
When  it  was  taken  up  and  examined,  it  was  found 
to  resemble  the  others  in  every  respect.  As  a 
wire  manufacturer  was  working  with  his  men  in 
the  open  air,  a  stone  grazed  his  arm  and  fell  at  his 
feet,  but  it  was  so  hot  that,  on^attempting  to  take 
it  up,  he  instantly  let  it  fall  again.  The  celebrated 
Biot  was  deputed  by  government  to  repair  to  the 
spot  and  collect  all  the  authentic  facts  in  relation 
to  this  phenomenon,  an  account  of  which  was 
afterward  published  in  a  long  memoir.  He  found 
that  almost  all  the  residents  of  twenty  hamlets  de- 
clared that  they  were  eyewitnesses  of  the  shower 
of  stones  which  was  darted  from  the  meteor. — 
The  interior  parts  of  these  stones  resembled  those 
of  all  the  meteorites  analyzed  by  Messrs.  Howard 
and  Vauquelin,  such  as  those  described  above. 
They  all  contain  silica,  magnesia,  oxyd  of  iron, 
nickel,  ar.J  sulphur,  in  various  proportions. — 
Their  .«pecific  gravity  is  about  three  and  one- 
third  or  three  and  one-half  times  heavier  than 
water. 

The  following  are  a  few  brief  statements  in  re- 
lation to  this  subject.  In  1492,  November  7,  a 
stone  of  260  lbs.  fell  at  Ensisheim,  in  Alsace.  It 
is  now  in  the  library  of  Colmar,  and  iias  been  re- 
duced to  150  lbs.,  in  consequence  of  the  abstrac- 
tion of  fragments.  The  fainous  Gassendi  relates 
that  a  stone  of  a  black  metallic  color  fell  on  Mount 
Vaision,  in  Provence,  November  29,  1637.  It 
weighed  54  lbs.,  and  had  the  size  and  shape  of  the 
human  head.  Its  specific  gravity  was  three  and 
one-half  times  that  of  water.  1G54,  March  30:  A 
small  stone  fell  at  Milan  and  killed  a  Franciscan 
1706,  June  7:  A  stone  of  72  lbs.  fell  at  Larissa, 
in  Macedonia;  it  smelled  of  snlplmr,  and  was  like 
the  scum  of  iron.  1751,  May  26:  Two  masses 
of  iron,  of  71  lbs.  and  16  lbs.," fell  in  the  district 
of  Agram,  the  capital  of  Croatia.  The  large.st  of 
these  is  now  in  Vienna.  1790,  July  24:  A  great 
shower  of  stones  fell  at  Barbotan,  near  Roq.nel'ort, 
in  the  vicinity  of  Bourdeanx.  A  mass  fifteen 
inches  in  diameter,  penetrated  a  hut  and  killed  a 
herdsman  and  a  bullock.  Some  of  the  stones 
weighed  25  lbs.,  and  others  .30  lbs.  July,  1810: 
A  large  ball  of  fire  fell  from  the  clouds  at  Shaha- 
bad,  which  burned  five  villages,  destroyed  the 
crops,  and  killed  several  men  and  women.  No- 
vember 23,  1810:  Three  stones  fell  in  tlie  com- 
mune of  Charionville  and  neighborhood  of  Or- 
leans. These  stones  were  precipitated  perpendic- 
ularly, and  without  the  appearance  of  any  light 
or  ball  of  fire.  One  of  them  weighed  20  lbs.,  and 
made  a  hole  in  tlie  ground  in  a  perpendicular  di- 
rection, driving  up  the  earth  to  the  hight  of  eight 
or  ten  feet.  It  was  taken  out  half  an  hour  after, 
when  it  was  still  so  hot  that  it  could  scarcely  bo 
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held  m  the  hand.  Tiie  second  formed  a  hole  three 
feet  deep,  and  weighed  40  lbs.  1812,  April  15: 
A  stone,  the  size  of  a  cliild's  head,  fell  at  Erxle- 
ben,  and  a  specimen  of  it  is  in  the  pos;ses.sion 
of  Professor  Hiiussniaiui,  of  Brunswick.  Ibl'l, 
September  1  :  A  few  minutes  before  midday, 
while  the  sky  was  perfectly  serene,  a  violent  de- 
tonation was  heard  in  the  department  of  the  Lot 
and  Garonne.  This  was  followed  by  three  or  four 
others,  and  finally  by  a  rolling  noise,  at  first  re- 
sembling a  discharge  of  musketry,  afterward  the 
rumbling  of  carriages,  and,  lastly,  that  of  a  large 
building  falling  down.  Stones  were  Immediately 
after  precipitated  to  (he  ground,  some  of  which 
weighed  18  lbs.,  and  sank  into  a  compact  soil  to 
the  depth  of  eight  or  nine  inches,  and  one  of  them 
rebounded  three  or  four  feet  from  the  ground. — 
lfcl8,  July  29,  0.  S.:  A  stone  of  7  lbs.  weight  fell 
at  the  village  of  Slobodka,  in  Russia,  and  pene- 
trated nearly  sixteen  inches  into  the  ground.  It 
had  a  brown  crust  with  metallic  spots.  Li  1825, 
February  10:  A  meteoric  stone  weighing  IG  lbs. 
7  oz.,  fell  from  t\w  air  at  Nanjemoy,  Maryland. — 
It  was  taken  from  e  ground  about  half  an  hour 
after  its  fall,  was  s^  isibly  warm,  and  had  a  sul- 
phurous smell. 

Several  hundreds  of  instances  similar  to  the 
above  might  be  produced  of  large  masses  of  stones 
having  fallen  from  the  upper  regions  upon  the 
earth.*  These  stones,  although  they  have  not  the 
smallest  arialogy  with  any  of  the  mineral  sub- 
stances already  known,  either  of  a  volcanic  or  any 
other  nature,  have  a  very  peculiar  and  striking 
analogy  with  each  other.  They  have  been  found 
at  places  very  remote  from  each  other,  and  at 
very  distant  periods.  The  minei-alogists  who  have 
examined  them  agree  that  they  have  no  resem- 
blance to  mineral  substances,  properly  so  called, 
nor  have  they  been  described  by  mineralogical 
authors.  They  have,  in  short,  a  peculiar  aspect, 
and  peculiar  characters  which  belong  to  no  native 
rocks  or  stones  with  which  we  are  acquainted.  | 
They  appear  to  have  fallen  from  various  points  of 
the  heavens,  at  all  periods,  in  all  seasons  of  the 
year,  at  all  hours  both  of  the  da)'  and  night,  in 
all  countries  in  the  world,  on  mountains  and  on 
plains,  and  in  places  the  most  remote  from  any 
volcano.  The  luminous  meteor  which  generally 
precedes  their  fall  is  carried  along  in  no  fi,\ed  or 
invariable  direction;  and  as  their  descent  usually 
takes  place  in  a  calm  and  serene  sk)^  and  fre- 
quently in  cloudless  weather,  their  origin  cannot 
be  traced  to  the  causes  whicli  operate  in  the  pro- 
duction of  rain,  thunder-storms,  or  tornadoes. 

From  a  consideration  of  these  and  many  other 
circumstances,  it  appea  s  liighlj'  probable,  if  not 
absolutely  certain,  tha'.  these  substances  proceed 
from  regions  far  beyond  the  limits  of  our  globe. 
That  sucii  solid  snJistances,  in  large  masses,  could 
be  generated  in  the  higher  regions  of  the  atmo- 
sphere, is  an  opinion  altogether  untenable,  and  is 
DOW  generally  discarded,  even  by  most  of  those 
philosophers  who  formerly  gave  it  their  support. 
That  they  have  been  projected  from  volcanoes  is 
a  hypothesis  equally  destitute  of  support;  for  the 
products  of  volcanoes  are  never  found  at  any 
great  distance  from  the  scene  of  their  fonnation, 
and  the  substances  they  throw  out  are  altogiHher 
different  in  their  aspect  and  composition  from 
meteoric  stones.  Beside,  these  stones,  in  most 
instances,  have  descended  to  the  earth  ia  p'aces 

*  For  more  pavticular  Jetails  on  this  subject,  the  reader 
may  consult"  The  Edinhiir<jli  Encyclopedia,"  art.  Mct.mrite. 
The  "  Edin.  Phil.  Journal,"  No.  2,  p.  221-255.  "  Phil.  Mag- 
azine,"  vol.  xiii.  "  Retrospect  of  Philosophical  Uiscovi*. 
lies,"  1SU5,  vol.  1,  p.  201-210,  &.c.,  &c.  I 


removed  hundreds,  or  even  thous^inds  of  miles 
from  anj'  volcanic  mountain,  and  at  limes  when 
no  remarkable  eruption  was  known  to  take  place. 
Perceiving  no  probability  of  their  having  their 
origin  either  in  the  earth  or  the  atmo.>|)liere,  Dr. 
Hutton,  Foisson,  La  Place,  and  others,  conjec- 
tured that  they  were  projected  from  the  inooa. 
They  demonstrated  the  abstract  proposition,  that 
a  heavy  body  projected  with  a  velocity  of  six 
thousand  feet  in  a  second,  may  be  carried  beyond 
the  sphere  of  the  moon's  attraction,  and  come 
within  the  attraction  of  the  earth.  But  it  has 
never  yet  been  proved  that  volcanoes  exist  on  the 
surface  of  the  moon;  and,  although  tbcy  did  exist, 
and  were  as  large  and  powerful  as  terrestrial  vol- 
cauoes,  they  would  have  no  force  sufficient  to 
carry  large  masses  of  stone  with  such  a  rapid 
velocity  over  a  space  of  several  thousands  of 
miles.  Beside,  were  the  moon  the  Source  of 
meteoric  stones,  ejected  from  the  craters  of  volca- 
noes, we  should  expect  such  volcanic  productions 
to  exhibit  several  varieties  of  as])ect  and  composi- 
tion, and  not  the  precise  number  of  ingredients 
which  are  always  found  in  meteoric  stones. — 
From  a  consideration  of  the  difhculfcies  attending 
this  hypothesis,  La  Place  was  afterward  induced 
to  change  his  opinion. 

In  order  to  trace  the  origin  of  meteoric  stones, 
we  are  therefore  under  the  necessity  of  directing 
our  views  to  regions  far  beyond  the  orbit  of  tlie 
moon.  On  the  supposition  that  the  bursting  of  a 
large  planet  was  the  origin  of  the  small  planets 
Vesta,  Juno,  Ceres,  and  Pallas,  we  may  trace  a 
source  whence  meteoric  stones  probably  originate 
"When  the  cohesion  of  the  planet  was  overcome 
by  the  action  of  the  explosive  force,  a  number  of 
little  fragments,  detached  along  with  the  greater 
masses,  would,  on  account  of  their  smallness,  be 
projected  with  very  great  velocity;  and,  being 
thrown  beyond  the  attraction  of  the  gre::ler  frag- 
ments, might  fair  toward  the  earth  v/hen  Mars 
happened  to  be  in  the  remote  part  of  his  orbit. 
When  theportionswhicharethusdetachcd  arrive 
within  the  sphere  of  the  earth's  attraction,  they 
may  revolve  round  that  body  at  diflerent  dis- 
tances, and  may  fall  upon  its  surface,  in  conse- 
quence of  a  diminution  uf  their  centrifugal  force; 
or,  being  struck  by  the  electric  fluid,  they  may- 
be precipitated  upon  the  earth,  and  exhibit  all 
those  plienomena  which  usually  accompany  the 
descent  of  meteoric  stones."  This  opinion  ap- 
pears to  have  been  first  broached  by  Sir  David 
Brewster,  and  is  stated  and  illustrated  in  the 
"Edinburgh  Encyclopedia,"  article  Astronomy, 
and  in  vol.  ii,  of  his  edition  of  "  Ferguson's  As- 
tronomy." Though  not  unattended  with  diflS- 
culties,  it  is  perhaps  the  most  plausible  hypothe- 
sis which  has  yet  been  formed  to  account  for  the 
extraordinary  plienomena  of  heavy  substances 
falling  with  velocity  upon  the  earth  through  the 
higher  regions  of  the  atmosphere. 

On  this  subject  I  would  consider  it  as  prema- 
ture to  hazard  any  decisive  opinions.  I  liave  laid 
down  the  above  facts  before  the  reader  that  he 
maybe  enabled  to  exercise  his  own  judgment  and 
form  his  own  conclusion.  I  have  stated  them 
particularly  with  this  view,  that  they  may  afford 
a  subject  of  investigation  and  reflection.  For  all 
the  works  and  dispensations  of  the  Almighty, 
both  in  the  physical  and  moral  world,  are  worthy 
of  eur  contemplation  and  research,  and  may  ulti- 
mately lead  both  to  important  discoveries  and  to 
morafinstruction.  Though  "theway.s  of  God" 
are,  in  many  instances,  "past  finding  out,"  yet 
it  is  our  duty  to  investigate  theifi  so  far  as  our 
knowledge  and  limited  powers  will  permit     For 
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as  we  are  told,  on  the  highest  authority,  that  "  the 
works  of  the  Lord  are  great  and  marvelous,"  so 
it  is  declareii  tliat  "  they  will  be  sought  out"  or 
investigated  "  by  all  those  who  have  pleasure 
therein.  '  There  is,  perhaps,  no  fact  throughout 
the  universe,  however  minute  in  itself,  or  however 
distant  from  the  scene  we  occupy,  but  is  calcu- 
lated, wlien  projierly  considered,  to  convey  to  the 
mind  an  impression  of  the  chnracter  of  the  Deity 
and  of  the  principles  of  his  moral  government. 
The  mere  pliilosopher  may  content  himself  with 
the  applicuiiou  of  the  principles  of  chemistry 
and  matliematics  to  the  phenomena  of  matter  and 
motion;  and  it  is  highly  proper  fwid  necessary 
that  both  chemical  and  mutlicmatical  analysis  Lc 
applied  for  tlie  investigation  of  the  laws  and  order 
of  the  material  universe;  but  the  man  who  recog- 
nizes the  principles  of  Divine  Revelation  will  rise 
to  still  higher  views.  From  nature  he  will  ascend 
to  nature's  God,  and  trace  the  invisible  perfections 
of  the  Eternal  from  the  visible  scene  of  his  works; 
and,  from  his  physical  operations,  will  endeavor 
to  learn  something  of  the  order  and  economy  of 
his  vioral  administration. 

If  there  be  any  foundation  for  the  hj'pothesis 
to  which  we  have  adverted,  it  might  be  a  question 
and  a  subject  of  consideration  at  what  period  the 
disruption  of  the  supposed  planet  may  have  taken 
place.  If  the  history  of  the  fall  of  meteoric 
stones  would  be  considered  as  throwing  any  light 
on  this  queslioi),  it  will  follow  that  such  an  event 
must  have  taken  place  at  a  very  distant  period: 
for  the  descent  of  such  stones  can  be  traced  back 
to  periods  more  than  a  thousand  years  before  the 
commencement  of  the  Christian  era;  perhaps 
even  to  the  days  of  Joshua,  when  a  shower  of 
stones  destroyed  the  enemies  of  Israel,*  which 
Would  lead  us  to  conclude  that  more  than  three 
thousand  years  must  have  elapsed  since  such  an 
event.  It  migiit  likewise  be  a  subject  of  inquiry, 
why  the  Deity  has  exposed  the  earth  to  the  im- 
pulse of  such  ethereal  agents;  for  the  fall  of  me- 
teoric stones  is  evidently  attended  with  imminent 
danger  to  the  inhabitants  of  those  places  on  which 
they  fail.  The  velocity  and  impetus  with  which 
they  descend  are  sufficient  to  cause  instant  death 
to  those  whom  they  happen  to  strike,  and  even  to 
demolish  liuman  habitations,  as  happened  in  sev- 
eral of  the  instances  above  recorded.  Would  the 
Deity  have  permitted  a  world  peopled  with  inno- 
cent being&  to  be  subjected  to  such  accidents  and 
dangers?  If  not,  is  it  not  a  presumptive  proof 
th:it  man,  in  being  exposed  to  such  casualties  from 
celestial  agents,  as  well  as  from  storms,  earth- 
quakes, and  volcanoes,  is  not  in  that  state  of  prime- 
val innocence  in  which  lie  was  created?  And  if 
we  suppose  that  a  moral  revolution  was  the  cause 
of  the  catastrophe  which  happened  to  the  planet 
to  whicli  v/e  allude,  we  may  trace  both  a  physical 
and  a  mora!  connection,  however  distant,  between 
the  earth  and  that  planet;  for  if  the  stones  to 
which  we  allude  are  a  part  of  the  wreck  of  that 
world,  thej'^  have  been  the  means  of  exciting 
alarm  among  various  tribes  of  the  earth's  popula- 
tion, and  of  producing  destruction  and  devastation; 
so  that  one  depraved  world  has  been  the  instru- 
ment in  some  degree  of  punishing  another. 

But  perhaps  I  have  gone  too  far  in  such  specu- 
'ations.     I  have  stated    them   with    the  view  of 


*  These  stones,  in  onr  translation  of  the  Bible,  are  callei! 
hailstones,  but  without  any  reason,  since  the  original  word, 
abenim,  signifies  stones  in  general  according  to  the  definition 
given  in  Parkliurst's  Hebrew  I^exicon;  and  in  the  book  of 
Job,  chap,  xxviii.  3,  the  word  is  translated  stones  of  dark- 
nes.'i;  meaning,  umloubtedly,  metallic  stones  or  metals  wliich 
818  searched  out  from  the  bowels  of  the  earth. 


showing  that  we  might  occasioufdly  connect  our 
moral  views  of  the  Deity  with  the  contemplation 
of  tlie  material  fabric  of  the  universe.  When, 
through  the  medium  of  our  telescopes  and  oui 
physical  investigations,  we  obtain  a  glimpse  of 
llie  order  and  economy  of  a  distant  region  of  the 
universe,  it  may  be  considered  as  a  new  manifes- 
tation of  the  Deity,  and  it  is  our  duty  to  deduce 
from  it  those  instructions  it  is  calculated  to  con- 
vey. And  although  we  may  occasionally  deduco 
erroneous  conclusions  from  existing  facts,  yet 
such  speculations  .and  reflections  niav  sometimes 
have  a  tendency  to  excite  an  interesting  train  of 
thought,  and  to  inspire  us  with  an  ardent  desire 
of  bel'olding  the  scene  of  the  universe  and  the 
))lan  of  the  Divine  administration  more  completely 
unfolded,  in  that  world  where  the  physical  and 
moral  impediments  wliich  now  obstruct  our  in- 
tellectual vision  shall  be  forever  removed 

VI.    ON    THE   PLANET   JUPITEK. 

Next  to  Pallas,  in  the  order  of  the  system,  ia 
the  planet  Jupiter.  This  planet,  wJien  nearest 
the  earth,  is  the  most  splendid  of  all  the  nocturnal 
orbs,  except  Venus  and  the  moon.  Its  distance 
from  the  sun  is  495.000,000  of  miles,  and  the  cir- 
cumference of  its  orbit,  3,110,000,000  of  miles. 
Around  this  orbit  it  moves  in  eleven  years  and 
three  hundred  and  fifteen  days,  at  the  rate  of 
nearly  thirty  thousand  miles  every  hour.  When 
nearest  to  the  earth,  at  tlie  time  of  its  opposition 
to  the  siUi,  it  is  about  400,000,000  of  miles  dis- 
tant from  us.  A^aint  idea  of  this  distance  may 
be  acquired  by  considering  tliat  a  cannon-ball, 
flying  five  hundred  miles  every  hour,  would  re- 
quire more  than  ninety-one  years  to  pass  over 
this  space;  and  a  steam-carriage,  moving  at  the 
rate  of  twenty  miles  an  hour,  would  require 
nearly  two  thousand  three  hundred  years  before 
it  could  reach  the  orbit  of  Jupiter.  When  at  its 
greatest  distance  from  the  earth,  ahout  the  time 
of  its  conjunction  with  the  sun,  this  planet  is  dis- 
.tant  from  us  no  less  than  590,000,000  of  miles; 
yet  its  apparent  size,  in  this  case,  does  not  appear 
very  much  diminished,  although  it  is  190,000.000 
of  miles  farther  from  us  in  the  latter  case  than  in 
the  former.  When  viewed  with  a  telescope,  how- 
ever, it  appears  sensibly  larger  and  more  splendid 
at  the  period  of  its  opposition  tiian  vvlien  near  the 
point  of  its  conjunction. 

Diurnal  Rotation. — This  planet  has  been  found 
to  revolve  around  its  axis  in  tiie  space  of  nine 
hours,  fifty-five  minutes,  and  forty-nine  and  a 
half  seconds.  This  discovery  was  made  by  ob- 
serving a  small  spot  in  one  of  the  belts,  which 
appeared  gradually  to  move  across  the  disc  of  the 
planet.  Mr.  Hook  appears  to  have  first  observed 
it  in  the  year  16G4;  and  in  the  following  year, 
1G65,  Cassini,  that  accurate  observer  of  tlip  hea- 
vens, perceived  the  same  spot,  which  appeared 
round,  and  moved  with  the  greatest  velocity  when 
in  the  middle,  but  was  narrower,  and  moved  more 
slowly  as  it  approached  nearer  the  edge  of  the 
disc,  which  showed  that  the  spot  adher&d  to  the 
body  of  Jupiter,  aiid  was  carried  round  upon  it. 
Tl)is  spot  continued  visible  during  the  following 
year,  so  thatCassini  was  enabled  to  determine  the 
period  of  Jupiter's  rotation  to  be  nine  hours  and 
nearly  fifty-six  minutes.  This  rotation  is  far 
more  rapid  than  that  of  any  of  the  other  planets, 
so  far  as  we  know,  and  nearly  equals  the  velocity 
of  Jupiter  in  his  annual  course  round  the  sun. 
The  circumference  of  this  planet  is  278,600  miles, 
and,  therefore,  its  equatorial  parts  will  move  with 
a   velocity   of  28,000   miles   an   hour,    which    ia 
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3000  miles  more  than  tlie  equatorial  parts  of  the 
earth's  surface  move  in  twenty-four  liours.  Tliis 
rapid  veloiity  of  the  tropical  reL;-ioiis  of  Jupiter, 
and  of  the  places  which  lie  adjacent  to  them,  will 
have  the  effect  of  rendering  all  bodies  liglUer 
than  lliey  would  be  were  the  motion  of  rotation 
as  slow  as  that  of  the  earth.  The  gravity  of  bo- 
dies at  the  surface  of  Jupiter  is  more  than  twice 
a.s  great  as  at  the  surface  of  tlie  earth,  on  account 
of  hi.s  superior  bulk;  so  that  a  body  weighing  one 
pound  at;  the  equatorial  surface  of  the  earth  would 
weigh  two  pounds  four  ounces  and  a  half  at  the 
surface  of  Jupiter.  If,  therefore,  we  were  trans- 
ported to  the  surface  of  that  planet,  we  should  be 
a  burden  to  ourselves,  being  pressed  down  wiih 
more  than  double  our  present  weight,  and  having 
but  the  same  strength  to  support  it.  But  Jupiter 
is  eleven  tin)es  larger  in  circumference  than  the 
earth;  and  hence,  if  both  planets  revolved  on 
their  axes  in  the  same  time,  the  centrifugal  force 
on  Jupiter  would  be  eleven  times  greater  than 
with  us.  But  the  squares  of  the  number  of  rev- 
olutions performed  in  the  same  time  by  the  earth 
and  Jupiter;  that  is,  the  square  of  twenty-four 
hours,  and  tlie  square  of  nine  hours,  fifty-six 
minutes,  are  nearly  as  one  to  six';  therefore,  a 
body  placed  on  Jupiter  will  have  sixty-six*  times 
a  greater  centrifugal  force  than  with  us,  which 
Would  sensibly  relieve  the  weight  of  the  inhab- 
itants if  they  stood  in  need  of  it.  This  rapid 
rotation  wou  Id  of  itself  relieve  them  of  one-eighth 
or  one-ninth  of  their  whole  weight;  or,  in  other 
Words,  a  bod\'  weighing  eight  stone  at  the  equa- 
tor of  Jupiter,  if  the  planet  stood  still,  would 
gravitate  with  a  force  of  only  seven  stime  on  the 
commencement  of  its  diurnal  rotation,  at  the 
rate  at  which  we  now  find  it. 

It  may  perhaps  be  surmised  by  some  tliat,  since 
the  semidiameter  of  Jupiter  is  eleven  times  greater 
than  .that  of  the  earth,  the  attraction  or  weight 
of  bO'iiL'.s  on  its  surface  ought  to  be  eleven  times 
greater  than  on  the  surface  of  our  globe.  This 
would  be  the  case  if  tlio  matter  in  Jupiter  v/ere  as 
dense  as  in  the  earth;  and  the  weight  of  bodies 
would,  of  course,  be  in  proportion  to  their  semi- 
diameter,  or  the  distance  of  tlie  surface  from  the 
centers  of  these  bodies.  But  the  density  of  Ju- 
piter is  only  a  little  more  than  that  of  water,  while 
the  density  of  the  earth  is  five  times  greater.  If 
the  density  of  Jupiter  were  as  great  as  that  of  the 
earth,  and,  consequently,  tiie  weight  of  bodies  on 
its  surface  eleven  times  greater,  men  of  our  stature 
and  make  could  scarcely  be  supposed  to  support 
eleven  times  the  weight  of  sueli  bodies  as  ours, 
but  behooved  to  be  almost  chained  down  to  the 
surface  of  the  planet  by  their  own  gravity;  and 
were  we  to  suppose  them  of  a  larger  stature,  this 
inconvenience  would  become  the  greater;  for  the 
lea.st  of  any  species  of  animated  beings  have 
generally  tlic  greatest  nimbleness  and  agility  of 
niotRin.  This  circumstance  is  perhaps  one  of  the 
reasons  why  the  larger  planets  of  the  system  have 
the  least  degree  of  density:  for  if  Jupiter  were 
composed  of  materials  as  dense  as  those  of  Mer- 
cury, organized  beings  like  man  would  be  unable, 
without  a  supernatural  power,  to  traverse  the  sur- 
face of  such  a  planet. 

In  consequence  of  the  rapid  motion  of  Jupiter, 
the  days  and  nights  will  be  proportionably  short. 
The  sun  will  appear  to  move  through  the  whole 
celestial  liL-mispliere,  from  the  eastern  to  the  west- 
ern horizon,  iu  less  than  five  hours,  and  all  the 
planets  and  constellations  will  appear  to  move 
with  the  same  rapidity:  so  that  the  apparent  mo- 
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tions  of  all  these  bodies  will  be  perceptible  to  th« 
eye  when  contemplating  them  only  for  a  few 
moments,  excepting  those  which  appear  near 
the  polar  regions.  The  sky  of  this  planet  will, 
therefore,  assume  an  air  of  sublimity  superior  to 
ours,  in  consequence  of  all  the  bodies  it  contains 
appearing  to  sweep  so  rapidly  around,  and  to 
change  their  positions  in  so  short  a  space  of 
time.  As  Jupiter  inovcs  round  the  sun  in  43.32)^ 
of  our  days,  and  round  its  axis  in  nine  hours, 
fifty-six  minutes,  there  will  be  10,470  days  in 
the  year  of  that  planet. 

Ma(jnitade  and  Superficial  Contents  of  the  Globe 
of  Jupiter. — il'his  planet  is  the  largest  in  the  sys- 
tem, being  89,000  miles  in  diameter,  and,  con.se- 
quently, /ourteen  hundred  times  larger  than  the 
earth.  Its  surface  contains  24,884,000,000,  or 
twenty-four  thou-^and  eight  hundred  and  eighty- 
four  millions  of  square  miles,  which,  at  the  rate 
of  population  formerly  stated,  280  inhabitants  to 
a  square  mile,  would  be  suflScient  forthe  accom- 
modation of  6.967,520,000,000,  or  nearly  scnen 
billions  of  inhabitants,  which  is  more  than  eipht 
thousand  seven  hundred  times  the  present  popula 
lion  of  our  globe,  and  nearly  /(/i'!/ times  the  num 
ber  of  human  beings  that  have  existed  on  ths 
earth  since  its  creation.  Although  the  one-half 
of  this  planet  were  covered  with  water,  which 
does  not  appear  to  be  the  case,  it  would  still  be 
ample  enough  to  contain  a  population  more 
than  four  thousand  times  larger  than  that  of  our 
globe.  If  such  a  population  actually  exist.  a3 
we  have  little  reason  to  doubt,  it  may  hold  a  rank, 
under  the  Divine  government,  equal  to  several 
thousands  of  worlds  such  as  ours.  Such  an  im- 
mense globe,  replenished  with  such  a  number  of 
intellectual  beings,  revolving  with  such  amazing 
rapidity  round  its  axis,  moving  forward  in  its  an- 
nual course  30,000  miles  every  hour,  and  carry- 
ing along  with  it  four  moons  larger  than  ours  to 
adorn  its  firmament,  presents  to  the  imagination 
an  idea  at  once  wonderful  and  sublime,  and  dis 
plays  a  scene  of  wisdom  and  omnipotence  worthy 
of  the  infinite  perfections  of  its  Creator. 

Discoveries  which  have  been  made  in  relation  to 
Jupiter  by  the  Telescope. — Jupiter  presents  a  splen- 
did and  interesting  appearance  when  viewed  with 
a  powerful  telescope.  His  surface  appears  much 
larger  than  the  full  mooii  to  the  naked  eye;  his 
disc  is  diversified  with  darkish  stripes;  his  satel- 
lites appear  sometin>es  in  one  position  and  some- 
times in  another,  but  ^nerally  in  a  straight  line 
vi'ith  eacli  other.  Sometimes  two  of  them  are 
seen  on  one  side  of  the  planet  and  two  on  an- 
other; sometimes  tv/o  only  are  visible,  while  tlie 
other  two  are  eclipsed  either  by  the  disc  or  the 
shadow  of  Jupiter;  and  sometimes  all  the  four 
may  be  seen  on  one  side  and  in  a  straight  line 
from  the  planet,  in  the  order  of  their  distance?; 
so  that  these  moons  present  a  different  aspect  and 
relation  to  each  other  every  successive  evening. 

These  moons  were  first  seen  by  Galileo,  in  the 
year  1610,  by  means  of  a  telescope  he  had  con- 
structed, composed  of  two  glasses,  a  cuncava 
next  the  eye,  and  a  convex  next  the  object,  which 
magnified  about  thirty-tliree  times.  No  further 
discoveries  were  made  in  relation  to  this  planet 
until  about  the  j'ear  16.33,  when  the  belts  wer« 
discovered  by  Fontana  Rheita,  Riccioli,  and  seve« 
ral  otiiers.  They  were  afterward  more  particu- 
larly observed  and  delineated  by  Cassini.  Thes« 
belts  appear  like  dark  stripes  across  tne  disc  of 
the  planet,  and  are  generally  parallel  to  one  an- 
other and  to  the  planet's  equator.  They  are 
somewhat  variable,  however,  both  ai;  to  their 
number  and  their  distance  from  each  cUier,  and 
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Bometimes  as  (o  their  position  On  certain  occa- 
sions (dght  have  been  seen  at  a  time;  at  otiier 
times  only  one.  Though  they  are  generally  pa- 
rallel to  one  another,  yet  a  piece  of  a  belt  has 
oeeu  seen  in  an  oblique  position  to  the  rest,  as  in 
Fig.  49.  They  also  vary  in  breadth;  for  one  belt 
lias  been  observed  to  have  grown  a  good  deal  nar- 
rower than  it  was,  when  a  neigiiiioring  belt  has 
been  increas.-d  in  breadth,  as  it"  the  one,  like  a 
fluid,  had  flowed  into  the  other.  In  favor  of  this 
opinion,  it  is  stated  in  the  "  Memoirs  of  the  Royal 
Academy  of  Sciences,"  that  a  part  of  an  oblique 
belt  was  observed  to  lie  so  as  to  form  a  communi- 
cation between  them,  as  represented  in  I'ig.  49. 
At  one  ♦"  ne,  says  Dr.  Long,  the  belts  have  con- 
tinued without  sensible  vari;  '<  ms  for  nearly  three 
mouths;  at  another  time  a  new  belt  has  been 
formed  in  an  hour  or  two.  They  have  sometimes 
been  seen  broken  up  and  distributed  over  the 
whole  face  of  the  pianet,  in  which  state  they  are 
exhibited  in  some  of  the  delineations  of  Sir  W. 
Herschel  ;  but  this  phenomenon  is  extremely 
rare,  and  does  not  appear  to  have  been  noticed 
by  any  other  observer.  In  the  year  ITbT,  Schroe- 
ter  saw  two  dark  belts  in  the  middle  of  Jupiter's; 
disc;  and  near  to  them  two  while  and  luminous 
bells,  resembling  those  which  were  seen  by  Cam- 
pani  in  16G4.  The  equatorial  zone  which  was 
comprehended  between  the  two  dark  belts  had  as- 
sumed a  dark  gray  color,  bordering  upon  yellow. 
The  northern  dark  belt  then  received  a  sudden 
Increase  of  siee,  while  the  southern  one  became 
partly  extinguished,  and  afterward  increased  into 
an  uninterru])ted  belt.  The  luminous  belts  also 
Fuffered  several  changes,  growing  sometimes  nar- 
•^■ver,  and  sometimes  one-half  larger  than  their 
original  size. 

^  The  following  figures  represent  some  of  the  ap- 
pearances of  the  belts  of  Jupiter. 


Fig.  49,  represents  a  view  of  Jupiler's  belts  by 
Cassini.  Fig.  50,  a  view  from  Dr.  Hook,  as  de- 
-ineated  in  the  "  Philosophical  Transactions  "  for 
t6()6,  which  was  taken  by  a  sixty  feet  refracting 
telescope.  The  small  black  spot  on  the  middle 
belt,  which  did  not  appear  at  the  beginning  of  the 
observation,  and  which  moved  about  a  third  or 
fourth  part  across  the  disc  in  the  space  of  ten 
minutes,  was  judged  to  be  the  shadow  of  one 
of  the  satellites  moving  across  the  disc  of  the 
planet.     Fig  51,  exhibits  a  view  of  Jupiter  as  he 


achromatic  telescope,  with  magnifying  powers  of 
150  and  180  times.  Fig.  5S2,  is  a  view  taken 
with  the  same  telescope  in  1837.  In  this  view 
the  principal  belt  near  the  planet's  equator  ap- 
peared dark,  distinct,  and  well-defined;  but  tho 
other  two  belts  at  either  pole  were  extremely 
faint,  and  could  only  be  perceived  after  a  minute 
inspection.     Fig.  53,  is  a  view  iu  which  a  bright 


appeared  a' out  the  end  of  1832  and  the  begin- 
mn^  of  1833,  which  was  taken  by  means  of  an 


and  a  dark  spot  were  perceived  on  one  of  tho 
belts;  and  Fig.  54,  a  view  by  Sir  John  Herschel. 
I  have  had  an  opp»  -'Mty  of  viewing  Jupiter 
with  good  telescopes,  uoth  reflecting  and  achro- 
matic, for  twenty  or  thirty  j^ears  past;  and, 
among  several  hundreds  of  observations,  I  have 
never  seen  above  four  or  five  belts  at  one  time. — 
The  most  common  appearance  I  have  observed  is 
that  of  two  belts,  distinctly  marked,  one  on  each 
side  of  the  planet's  equator,  and  one  at  each 
pole,  generally  broader,  but  much  fainter  than 
the  others.  1  have  never  perceived  much  change 
in  the  form  or  position  of  the  belts  during  tho 
same  season,  but  in  successive  years  a  slight  de- 
gree of  change  has  been  perceptible,  some  of  tho 
belts  having  either  disappeared,  or  turned  much 
fainter  than  they  were  before,  or  shifted  somewhat 
their  relative  positions;  but  I  have  never  seen  Ju- 
piter without  at  least  two  or  three  belts.  Some 
of  the  largest  of  these  belts,  being  at  least  the  one- 
eighth  part  of  the  diameter  of  the  planet  in  breadth, 
must  occupy  a  space  at  least  11,000  miles  broad 
and  278,000  miles  in  circumference;  for  they  run 
along  the  whole  circumference  of  the  planet,  and 
appear  of  the  same  shape  during  every  period  of 
its  rotation.  It  is  probable  that  the  smallest  belts 
wo  can  distinctly  perceive  by  our  telescopes  are 
not  much  less  than  a  thousand  miles  in  breadth. 

What  these  belts  reidly  are  has  been  a  subject 
of  speculation  and  conjecture  among  astronomers, 
but  it  is  difllcult  to  arrive  at  any  definite  conclu- 
sion. By  some  they  have  been  regarded  as  im- 
mense strata  of  clouds  in  the  atmosphere  of  Ju- 
piter; while  others  imagine  that  they  are  the 
marks  of  great  physical  changes  which  are  con- 
tinually agitating  the  surface  of  this  ])]anet.  I 
am  inclined  to  think  that  the  dark  belts  are  por- 
tions of  the  real  surface  of  the  planet,  and  that 
the  brighter  parts  are  something  analogous  to 
clouds,  or  other  substances  with  which  we  are 
unacquainted,  floating  in  its  atmosphere,  at  a  con- 
siilerahle  elevation  above  its  surface.  That  the 
dark  belts  are  the  body  of  the  planet  appears 
highly  probable  from  this  consideration,  that  the 
spot  by  which  the  rotation  of  Jupiter  was  deter- 
mined has  been  always  found  in  connection  with 
one  of  the  dark  belts;  and  as  this  spot  must  be 
considered  as  a  permanent  one  on  the  body  of  Ju- 
])iter,  so  the  belt  with  which  it  is  connecled  must 
bo  considered  as  a  [>ortion  of  the  real  body  of  the 
planet.  It  is  absurd  and  preposterous  to  su[)pose, 
as  some  have  done,  that  tlie  changes  on  the  sur- 
face of  Jupiter  are  produced  by  physic;il  convul- 
sions, occasioned  by  earthquakes  and  inundations; 
for,  in  such  a  case,  the  globe  of  Jupiter  would  bo 
unfit  for  being  the    peaceful    abode  of   rational 
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•iihabitants.  What  should  we  think  of  a  world 
wliero  5000  miles  of  ocean  occasionally  iuundali-d 
a  corresponding  portion  of  the  land,  or  whcr.' 
eartliquakes  sonietinies  swallowed  up  continents 
of  several  thousands  of  miles  in  length  and 
breaiith?  Such  physical  cataslro|)hes  recurring 
every  year  on  such  a  splendid  and  magnificent 
globe  as  Jupiter  would  not  only  render  it  unfit 
for  the  habitation  of  any  beings,  but  would  imply 
a  reflection  on  the  wisdom  and  benevolence  of  the 
great  Creator.  Whatever  opinions,  therefore,  we 
may  adopt,  respecting  the  phenomena  of  this  pla- 
net, they  ouglit  to  be  such  as  are  consistent  with 
the  idea  of  a  habitable  world  and  with  the  perfec- 
tions of  the  Deity.  Were  the  belts  of  Jupiter 
permanent  and  invariable,  it  would  be  compara- 
tively easy  to  account  for  the  phenomena  which 
appear  on  his  surface;  for  the  dark  belts  might  be 
considered  as  seas,  and  the  brighter  portions  of 
his  surface  as  land.  But  as  these  bells,  whether 
bright  or  dark,  are  found  to  be  variable,  we  nuxst 
have  recourse  to  another  hypothesis  for  their  ex- 
planation, or  be  content,  in  the  meantime,  to 
confess  our  ignorance.  Our  opinions  and  con- 
jectures respecting  the  circumstances  of  other 
worlds  are  too  frequently  guided  merely  by  what 
we  know  of  the  objects  and  operations  which  ex- 
ist on  our  globe;  and  we  are  apt  to  think  that  the 
arrangements  of  other  glob'.is  destined  for  the 
abode  of  intellectual  beings  n;ust  be  similar  to 
those  of  our  own.  We  talk  of  physical  convul- 
sions, eartliquakes,  and  inundations  in  Jupiter, 
and  of  volcanic  eruptions  in  the  sun' and  moon, 
as  if  these  phenomLnia  were  as  common  in  other 
worlds  as  in  the  earth;  whereas  it  is  not  improba- 
ble that  they  are  peculiar  to  our  globe,  and  that 
they  are  connected  with  the  moral,  or  rather  de- 
moralized state  of  its  present  inhabitants.  There 
is  an  infinite  variety  in  the  system  of  nature;  and 
it  is  highly  probable  that  there  is  no  world  in  the 
universe  that  exactly  resembles  another.  Al- 
though Jupiter  moves  round  the  sun,  and  turns 
upon  his  axis  by  the  same  laws  which  direct  the 
motions  of  our  globe,  yet  there  may  be  as  great  a 
difference  in  the  arrangements  connected  with 
this  planet  and  those  of  the  earth,  as  there  is  be- 
tween the  constitution  of  the  earth  and  that  of  a 
?lanet  which  revolves  around  the  star  Sirius. — 
i^'ould  it  be  altogether  improbable  to  suppose  that 
the  globe  of  Jupiter  is  partly  inclosed  within  a 
sphere  of  semitransparent  substance,  at  a  conside- 
rable elevation  above  his  surface,  or  rather  within 
parallel  rings,  like  an  Armillary  sphere  composed 
of  such  a  substance,  wliicli  vary  their  position, 
and  sometimes  surround  one  part  of  his  globe  and 
sometimes  another?  These  rings,  of  whatever 
substance  they  might  be  composed,  might  serve 
to  reflect  the  rays  of  the  sun  so  as  to  produce  an 
addition  of  light  and  heat,  and,  at  the  same  time, 
by  exhibiting  a  variety  of  colors  and  motions,  to 
diversify  and  adorn  the  firmament  of  this  planet. 
Almost  any  supposition  is  preferable  to  the  idea 
of  a  continued  scene  of  physical  convulsions. — 
The  idea  now  thrown  out  is  not  more  extravagant 
than  that  of  a  planet  nearly  as  large  as  Jupiter 
being  surrounded  with  two  concentric  rings.  Had 
we  not  discovered  the  rings  of  Saturn,  we  should 
never  have  formed  tlie  idi.a  of  a  world  environed 
with  such  an  appendage.  As  a  corroboration  of 
the  idea  that  the  brigiit  stripes  which  appear  on 
this  planet  surround  its  body  at  a  considerable  ele- 
vation, it  has  been  observed  by  Sir  John  Herschel, 
"  that  the  dark  belts  do  not  come  up  in  all 
their  strength  to  the  edge  of  the  disc,  but  fade 
away  gradually  before  they  reach  it;"  an  ahnost 
cisive   proof  that  the   bright  belts   inclose  the 


dark  ones,  or,  in  other  words,  the  Dody  of  th« 
planet;  and  that  they  are  elevated  above  the  dark 
globe  of  Jupiter,  in  all  probability,  not  less  than 

a  thousand  miles. 

Whatever  opinion  we  may  form  as  to  the  con- 
stitution of  this  ])lan<'t,  the  phenomena  it  presents 
afford  a  vast  field  for  investigation  and  reflection. 
If  it  he  a  fact,  as  has  been  asserted  by  credible 
observers,  that  two  belts  have  gradually  disap- 
peared during  the  time  of  an  observation,  and 
that,  at  another  time,  a  new  bell  has  been  formed 
in  an  hour  or  two,  agents  far  more  powerful  than 
any  with  which  we  are  acquainted  must  have 
been  in  operation  to  produce  such  an  effect,  and 
clianges  more  extensive  than  any  which  take  i)lace 
in  our  terrestrial  sphere  must  have  happened  in 
the  regions  connected  with  Jupiter;  for  some  of 
the  belts  of  this  planet  are  from  five  to  ten  thou- 
sand miles  in  breadth;  and  if  those  alluded  to  ex- 
tended quite  aero*  the  disc  of  the  planet,  they 
must  have  been  more  than  one  hundred  and  thirty 
thousand  miles  in  length.  Yet  such  a  chauge 
may  have  taken  place,  not  only  without  convul- 
sions, causing  terror  and  contusion,  but  to  the 
admiration  and  joy  of  the  inhabitants  of  that 
globe,  as  opening  up  a  new  and  striking  scene  in 
the  canopy  of  heaven;  for  if  we  suppose  such 
bright  bells  or  circles  as  we  have  imagintd  rapid- 
ly to  shift  their  position  in  the  canopy  above, 
such  a  grand  effect  might  in  a  short  timo  be  pro- 
duced. 

Beside  the  belts,  spots  of  different  kinds,  some 
of  them  brighter  and  some  darker  than  the  belts, 
have  been  occasionally  seen.  The  spot  by  which 
Jupiter's  rotation  was  determined  is  the  largest 
and  of  the  longest  continuance  of  any  hitherto  ob 
served.  Its  diameter  is  one-tenth  of  the  diameter 
of  Jupiter,  and  it  is  situated  in  the  northern  part  of 
the  southern  belt.  Its  center,  when  nearest  that 
of  the  planet,  is  distant  from  the  center  of  Jupiter 
about  one-third  of  the  semidiameter  of  the  planet 
This  spot  was  first  perceived  by  Hook  and  Cassini 
in  the  yeai's  1664, 1665,  and  1666.  It  appeared  and 
vanished  eight  times  between  the  vears  1665  and 
1708.  From  1708  until  1713  it  was  invisible;  the 
longest  time  of  its  continuing  visible  was  three 
years,  and  the  longest  period  of  its  disappearing 
was  from  1708  to  1713.  It  has  evidently  some 
connection  with  the  southern  belts;  for  it  has 
never  been  seen  when  that  disappeared,  though 
that  belt  has  often  been  visible  without  the  spot. 
Beside  this  ancient  spot,  as  it  is  called,  Cassini,  in 
the  year  1699,  saw  one  of  less  stability,  which 
did  not  continue  of  the  same  shape  and  dimen- 
sions, but  broke  into  several  small  ones,  of  which 
the  revolution  was  but  9  hours,  51  minutes;  ana 
two  other  spots  which  revolved  in  9  hours,  521^2 
minutes.  The  large  spot  described  above,  being 
about  the  one-tenth  of  the  diameter  of  Jupiter, 
must  have  been  more  than  8000  niiles  in  extent, 
and,  consequently,  larger  than  the  diameter  of 
the  earth.  When  Cassini  had  assured  himjclf  of 
the  period  of  rotation  from  the  motion  of  this 
spot,  he  made  a  report  of  his  observations  to  the 
Royal  Academy  of  Sciences,  and  calculated  the 
precise  moment  when  the  spot  would  appear  on 
the  eastern  limb  of  the  planet,  on  a  future  day;  on 
which  the  academy  sent  a  deputation  of  M.  Buot, 
M.  Mariotte,  and  others,  to  he  present  at  the  ob- 
servation; and  when  they  came  to  tiie  royal  obser- 
vatory, they  saw  the  spot  in  the  position  pre- 
dicted, and  traced  its  motion  for  an  hour  or  two, 
until  the  heavens  began  to  be  overcast  with 
clouds.  All  the  observations  vi'hich  have  been 
made  upon  this  spot  and  others,  and  its  successive 
appearance    and   disappearance,   perfectly  agroe 
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rurith  the  idea  of  bright  belts  inclosing  the  globe  I  for  nearly  six  years  without  intermission,  just  as 
of  Jupiter  ai  a  distance  from  tiie  surface,  anJ  the  places  around  our  north  and  south  poles  aro 
varying  tlieii  aspect  and  motions  at  diircrent  pe-  j  deprived  of  tlie  light  of  the  sun  for  one-half  of 
rioiis  of  lime.  And  although  some  readers  may  j  the  year.  Tliere  will  be  nearly  equal  day  and 
consider  it  as  a  trifling  matter  to  dwell  with  such  :  uiglit  in  every  part  of  the  surface  of  this  planet; 
particularity  on  a  spot  in  Jupiter,  yet  that  spot,  !  but  to  the  places  near  the  equator  the  sun  will 
however  insignificant  it  may  appear  through  our  |  appear  to  rise  to  a  high  elevation  above  the  hori- 
telesicopcs,  may  be  more  ^acious  and  important  j  zon,  and  to  move  through  the  heavens  with  great 
in  the  system  of  nature  than  all  the  continents  ,  rapidity,  while  near  the  polar  regions  he  will  ap- 
and  islands  of  our  globe,  and  may  form  a  greater  ;  pear  to  move  comparatively  slow,  and  to  desciiLe 


portion   of   the  divine   government  than   all  tin 
kingdoms  of  the  earth. 

Tliere  is  a  peculiar  splendor  in  tlie  appi'arance 
of  Jupiter,  both  through  the  telescope  and  to  the 
naked  eye,  considering  his  great  distance  from  the 
sun  and  from  the  earth.  The  planet  Mars  ap- 
pears comparatively  dull  and  obscure,  even  when 
nearest  the  earth,  when  it  is  only  fifty  millions  of 
miles  distant;  while  the  planet  Jupiter,  which  is 
350  iaillions  of  miles  farther  from  the  earth  and 
from  the  source  of  light,  presents  a  brilliancy  of 
aspect  far  superior.     This  circumstance  seems  to 


only  a  small  semicircle  above  the  horizon.  Wi 
i  are  not  to  imagine,  however,  that  "everlasting 
!  winter"  prevails  around  the  poles  of  this  planet, 
I  as  some  have  asserted,  because  the  sun  never  rises 
i  high  above  those  regions,  and  the  solar  rays  fall 
I  obliquely  upon  them;  for  there  may  be  arrange- 
ments and  coni|)en.«ations,  of  which  we  are  igno- 
1  rant,  to  projuce  nearly  as  great  a  degree  of  liglit 
I  and  heat  in  the  polar  as  in  the  equatorial  regions; 
;  and  perhaps  the  bright  belts  to  which  we  have 
!  adverted  may  be  so  arranged  as  to  contribute  to 
!  this  effect.     Nor  are  we  to  imagine  that  there  is 


indicate  that  there  is  some  apparatus  connected  |  no  varkiy  of  scenery  in  Jupiter  because  tliere  are 
with  the  globe  of  Jupiter  calculated  to  reflect  the  !  no  seasons  tumilar  to  ours.     For  every  degree  of 


light  of  the  sun  in  a  peculiar  manner,  both  on  the 
surface  of  the  planet  itself,  on  its  moons,  and  to- 
ward other  plj^iets.  Such  an  apparatus  is  not 
only  consistent  with  the  supposition  thrown  out 
above,  but  tends  to  corroborate  it;  and  however 
strange  we  may  consider  tlie  idea  of  brilliant 
belts  surrounding  a  planet, yet  as  variety  x^i  stamp- 
ed on  all  the  works  of  the  Creator,  and  as  no 
world   is  precisely  like  another,  the  dissimilarity 


latitude  from  the  equator  to  the  poles  will  pro- 
duce a  diversity  of  aspect;  and  the  variation  of 
the  belts,  whatever  may  be  their  arrangement, 
and  of  wliat  substances  soever  they  ma)'  consist, 
will  produce  a  diversity  of  scenery  in  the  firma- 
ment of- Jupiter  far  greater,  and,  perhaps,  far 
more  magnificent  and  transporting  than  anything 
we  contemplate  in  our  terrestrial  globe. 

Tile  intensity  of  the  solar  light  on  the  surface  of 


of  such  an  appendage  to  what  we  know  of  our  j  Jupiter  is  twenty-seven  times  less  than  on  the 
own  or  of  other  globes  ought  to  be  no  argument  earth.  The  mean  apparent  diameter  of  the  sun, 
against  its  existence.  If  we  v,ish  to  know  m.ore  j  as  seen  from  the  earth,  is  thirty-two  minA'''Sj 
of  the   ])henomena  of   this   planet  than  what  we  I  three  seconds;    but   the  solar  diameter,   as  seen 


have  hitherto  ascertained,  we  must  endeavor  to 
improve  our  telescopes,  and  to  increase,  indefi- 
nitely, the  number  of  observers.  Were  an  im- 
mense number  of  intelligent  observers  distri- 
buted over  different  parts  of  the  earth,  and 
provided  with  the  best  tef'scopes;  were  they  to 
mark  with  care  and  minuteness  the  phenomena 
to  which  we  have  adverted;  were  thej'  to  deline- 
ate, in  a  series  of  drawings,  the  vprious  aspects 
of  this  planet  during  two  or  three  periodical  revo- 
lutions, marking  the  periods  of  the  different 
changes,  and  the  positions  of  the  planet  with  re- 
spect to  the  earth  and  the  sun,  and  noting  at  the 
same  time  the  positions  of  the  satellites  when  any 
change  in  the  belts  took  place,  we  might  possibly 
ascertain  something  more  of  the  nature  of  the 
belts,  whether  dark  or  bright,  of  the  periods  of 
their  changes,  and  whether  these  changes  be  in- 
fluenced by  the  attractive  power  of  the  satellites. 
For  if  any  aj)pendage  is  connected  with  Jupiter 
composed  of  a  substance  of  small  density,  it  is 
reasonable  to  believe  that  its  positions  and  move- 
ments would  he  affected  at  certain  times  by  the 
positions  of  the  satellites,  especially  when  they 
all  happened  to  be  situated  on  the  same  side  of 
Jupiter. 

Seasons,  Proportion  of  Light,  ^-c,  in  Jupiter. — 
The  axis  of  this  planet  being  nearly  perpendicu- 
lar to  the  plane  of  its  motion,  there  can  be  no 
variety  of  seasons  similar  to  what  we  experience. 
The  inclination  of  its  axis,  however,  is  stated  by 
some  astronomers,  to  be  86  degrees,  54io  minutes; 
or  3  degrees,  5^  minutes  from  the  perpendicular. 
This  inclination  will  cause  a  slight  variety  of  sea- 
sons at  different  periods  of  the  planet's  annual 
revolution,  but  not  nearly  to  the  same  extent  as 
in  Mars  or  the  earth.  If  the  axis  of  Jupiter  were 
as  much  inclined  to  his  ecliptic  as  the  ^is  of  the 
earth,  his  polar  regions  would  remain  in  darkness 
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from  Jupiter,  is  only  six  minutes,  nine  seconds, 
which  is  less  than  one-fifth  as  great  as  the  sun 
appears  to  us.  The  square  of  6'  9",  or  .369",  is 
lo6,l6l,  and  the  square  of  32'  3"  is  369,729, 
which,  divided  by  136,161,  produces  a  quotient  of 
27  1-6,  which  shows  that  the  surface  of  the  sun, 
as  seen  from  Jupiter,  is  more  than  twenty-seven 
times  less  than  he  appears  to  us;  and  as  the  in- 
tensity of  light  decreases  in  proportion  to  the 
square  of  the  distance,  there  will  be  twenty-seven 
tines  less  light  on  this  planet  than  on  the  earth. 
But  if  the  intensity  of  the  light  be  increased  by  re- 
flection from  any  substances  connected  with  this 
planet,  or  if  the  inhabitants  have  the  pupils  of 
their  eyes  much  larger  than  ours,  all  tlie  objects 
around  them  may  appear  with  even  greater  splen- 
dor than  on  the  earth.  The  following  figures  will 
show  to  the  eve  the  proportional  size  of  the  sun 
as  seen  from  Jupiter  and  from  the  earth.  The 
small  circle  shows  the  comparative  bulk  of  the 
solar  orb  as  seen  from  Jupiter,  and  the  larger  cir- 
cle its  bulk  as  viewed  from  the  earth. 

Fig.  55. 


Nothing  particular  has  been  ascertained  re- 
specting an  atmosphere  surrounding  this  planet. — 
Though  it  is  probable  that  it  has  an  appendag« 
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answering  the  purpose  of  an  atmosphere,  yet  it 
may  be  very  difierent  in  its  nature  and  properties 
from  that  which  surrounds  the  eartli.     And  if  the 

Slauet  be  surrounded  with  bright  belts,  as  we 
ave  supposed,  or  if  the  bright  parts  of  its  sur- 
face are  to  be  considered  as  somethhig  analogous 
to  clouds  suspended  in  a  body  of  air,  it  is  evident 
that  tiie  denser  parts  of  its  atmosphere  never  can 
be  perceived  by  us,  and  that  no  dimness  or  ob- 
scurity is  to  be  expected  when  a  fixed  star  ap- 
proaclies  its  disc.     Hence  M.  Schroeter,  when  he 


majestic  rings  constitute  the  most  singular  and 
astonishing  phenomena  that  have  yet  been  dis- 
covered within  the  limits  of  our  syst.-m. 

Its  distance  from  the  sun  is  90G  millions  of 
miles,  which  is  nearly  twice  the  distance  of  Jupi- 
ter; and  the  circumference  of  its  orbit  is  5,695,- 
000,000  of  miles;  to  move  round  which  a  cannon 
ball  would  require  more  than  KJOO  years,  al- 
though it  were  moviirg  500  miles  every  hour 
But  a  steam-carriage,  moving  at  the  rate  of  twerity 
miles  an  hour,  would  require  above  .■]2,500  years 


had  a  very  clear  and  distinct  view   of  the  spots    to  complete  the  sanje  round.     When   nearest  thfl 


and  belts  when  Jupiter  suffered  an  occultation  by 
the  moon  on  the  7th  of  April,  1792,  could  per- 
ceive nothing  throughout  the  whole  observation 
indicative  of  a  refractive  medium  near  the  margin 
of  the  planet. 

Jupiter  is  remarkable  on  account  of  his  sphe- 
roidal fgure.  Tiiis  figure  is  obvious  to  the  eye 
V7hcn  viewing  the  planet  with  a  high  magnifying 
power.  Nor  is  this  an  optical  illusion;  for  both 
diameters  have  been  accurately  measured  by  the 
micrometer;  and  the  equatorial  diameter  is  found 
to  be  in  proportion  to  the  polar  nearly  as  fourteen 
to  thirteen,  so  that  the  equatorial  is  more  than 
6300  miles  longer  than  the  polar  diameter.  This 
oblate  figure  is  ascribed  to  the  swiftness  of  Jupi- 
ter's rotation,  which  produces  a  centrifugal  force, 
which  has  a  tendency  to  make  the  equatorial  parts 
more  protuberant  than  the  polar.  From  calcula- 
tions formed  on  the  principles  of  physical  astro- 
Eomy,  it  is  found  that  the  proportion  above  statt^d 
is  really  the  degree  of  oblateness  which  corres- 
ponds, on  those  principles,  to  the  dhriensions  of 
this  planet  and  the  time,  of  its  rotation;  so  that 
theorj'  perfect!}'  liarmonizes  with  obser\'ation. 

The  density  of  this  planet  compared  with  that 
of  water  is  as  1  1-24  to  1 ;  that  is,  it  is  a  small 
fractional  part  denser  than  water.  Its  mass, 
compared  with  that  of  tlie  sun  is  as  1  to  1067; 
compared  with  that  of  the  earth,  as  312  to  1;  that 
is,  Jupiter  could  weigh  312  globes  of  the  same 
efze  and  density  as  the  earth.  The  eccentricity  of 
its  orbit  is  23,810,000  miles;  and  the  inclination 
of  the  orbit  to  the  ecliptic  is  about  one  degree, 
nineteen  minutes.  Its  mean  apparent  diameter  is 
thirty-eight  seconds,  and  its  greatest  diameter, 
when  in  opposition  to  the  sun,  forty-seven  and  a 
half  seconds.  Its  mean  arc  of  retrogradation  isi 
nine  degrees,  fifty-four  minutes,  and  its  mean 
duration  about  121  days.  This  retrogradation,  or 
moving  contrary  to  the  order  of  the  signs,  com- 
mences or  finishes  when  the  planet  is  not  more 
than  115  degrees  from  the  sun.  The  following 
figure  exhibits  a  view  of  Jupiter  and  his  satellites 
as  seen  through  a  good  telescope.   • 

Fig.  56. 


VII.    ON   THE   PLANET   SATPRN. 

The  planet  Saturn  may  be  considered  in  almost 
every  respect  as  the  most  magnificent  and  in- 
teresting body  within  the  limits  of  the  planetary 
erstetn.  Viewed  in  connection  with  its  satellites 
and  rings,  it  comprehends  a  gre-\ter  quantity  of 
surface  than  even  the  globe  of  Jupiter;  and  its 


earth,  Saturn  is  811  millions  of  miles  distant,  an 
interval  which  could  not  be  traversed  by  a  car- 
riage, at  the  rate  now  stated,  in  less  than  4629 
years;  and  even  a  cannon  ball,  moving  with  tiie 
velocity^  above  mentioned,  would  require  184 
years.  So  that,  although  man  were  divested  of 
the  gravitating  power,  and  capable  of  supporting 
himself  amid  the  ethereal  regions,  and  tiiough  ha 
were  invested  with  a  power  of  rapid  motion 
superior  to  any  movement  we  perceive  on  earth, 
before  he  could  reach  the  middle  orbit  of  the 
planetary  system,  or  one-fourth  of  its  diameter, 
it  would  require  a  space  of  time  far  more  than  is 
yet  allotted  to  mortal  existence,  and,  therefore, 
all  hope  of  personally  exploring  the  celestial 
regions  is  completely  annihilated,  so  long  as  we 
are  invested  with  our  present  corporeal  vehicles, 
and  are  connected  with  this  terrestrial  abode. 

This  planet  revolves  round  the  sun  in  the  space 
of  about  29^0  years,  or  in  10,758  days,  23  hours, 
16  minutes,  34  seconds,  which  is  its  sidereal  revo- 
lution, or  the  time  it  takes  in  moving  from  a 
certain  fixed  star  to  the  same  star  again.  Through 
the  whole  of  its  circuit  it  moves  at  the  rate  of 
22,00!)  miles  everj'  hour.  The  period  of  its  rota- 
tion was  for  a  long  time  unknown.  About  a 
century  ago,  i(  was  conjectured  hy  some  astrono- 
mers that  it  was  accomplished  in  about  ten  or 
eleven  hours.  It  was  not,  however,  until  Sir  W. 
Herschel  applied  his  powerful  telescopes  to  Saturn 
that  its  rotation  was  accurately  determined.  By 
certain  dark  spots  which  he  perceived  on  its  disc, 
and  bj'  their  change  of  position,  he  ascertained 
that  the  diurnal  rotation  is  perfori^ied  in  ten  hours, 
sixteen  minutes,  and  nineteen  seconds.*  It  is  re- 
markable that  La  Place,  from  physical  considera- 
tions, had  calculated  the  rotation  of  Saturn  to  be 
nearly  the  same  as  above  stated,  before  Herschel 
had  determined  it  by  direct  observation.  The 
rotation  is  performed  on  an  axis  perpendicular 
to  the  plane  of  the  ring.  The  circumference  of 
Saturn  being  248,000  miles,  the  parts  about  the 
equator  will  move  at  the  rate  of  24,000  miles  an 
hour.  Its  year  will  consist  of  25,150  days,  or 
periods  of  its  diurnal  rotation. 

Proportion  of  Light  on  Sit>irn. — This  planet 
being  about  9i.<  times  farther  from  the  Sun  than 
the  earth,  it  will  receive  only  the  one-ninetieth  of 
the  light  which  we  receive;  for  the  square  of  9^^ 
is  equal  to  901^.  This  quantity  of  light,  how- 
ever, is  equal  to  the  light  which  would  be  re- 
flected from  a  thousand  full  moons  such  as  ours; 
and  there  can  be  little  doubt  that  the  beings  that 
reside  in  this  planet  have  their  organs  of  vision  so 
constructed  as  to  be  perfectly  adapted  to  the  quan- 
tity of  light  they  receive;  and,  by  such  an  adap. 
tation,  all  the  objects  around  them  may  appear  aa 
splendidly  enlightened,  and  their  colors  as  vivid 
as  they  do  on  the  globe  on  whicli  we  live.  The 
apparent  diameter  of  the  sun,  as  seen  from  Saturn, 
IS   three  minutes,    twenty-two   seconds;    but    his 


*  Sir  .lolin^Ierschel  states  the  period  of  rotation  to  be  ten 
hours,  twenty-nine  minutes,  seventeen  seconds. 
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mean  apparent  diameter,  as  seen  from  the  earth, 
is  equal  to  thirty-two  minutes,  three  seconds. 
This  proportion  of  size  in  which  the  sun  appears 
from  the  earth  and  from  Saturn  is  represented  in 
the  following  figure,  in  which  the  small  circle 
represents  the  size  of  the  sun  as  seen  from  Saturn. 

Fig.  57. 


Discoveries  by  the  Telescope  on  the  Body  of  Sa- 
turn-— The  great  distance  of  this  planet  from  the 
earth  prevents  us  from  observing  its  surface  so 
minutely  as  that  of  Jupiter.  Certain  dusky  spots, 
however,  have  of  late  years  been  occasionallj' 
seen  on  its  surface,  when  very  powerful  telescopes 
were  appli-d,  and  by  the  tnotion  of  these  its  diur- 
nal rotation  was  determined.  Beits  somewhat 
similar  to  those  of  Jupiter  have  likewise  been 
seen.  Huygens,  more  than  150  years  ago,  states 
that  he  had  perceived  five  belts  on  Saturn  which 
were  nearly  parallel  to  the  equator.  Sir  W.  Her- 
scheljin  his  numerous  observations,  alsd  observed 
several  belts,  which  in  general,  were  parallel  with 
the  ring.  On  the  11th  of  November,  1798,  im- 
mediately south  of  the  shadow  of  the  ring  upon 
Saturn,  he  perceived  a  bright,  uniform,  and  broad 
belt,  and  close  to  it  a  broad  or  darker  belt,  divided 
by  two  narrow  white  streaks,  so  that  he  saw  five 
belts,  three  of  which  were  dark  and  two  brigiit. 
The  dark  belt  had  a  yellow  tinge.  These  belts 
cover  a  larger  zone  of  the  disc  of  the  jjlanet  than 
the  belts  of  Jupiter  occupy  upon  his  surface. 
With  a  magnifying  power  of  200  times  I  have 
sometimes  seen  one  darkisli  belt  on  the  body  of 
Saturn;  but  it  was  much  fainter  than  those  of 
Jupite.r.  It  does  not  appear  that  these  belts  vary 
or  shift  their  positions,  as  the  belts  of  Jupiter  are 
found  to  do;  the  dark  ones  are  much  fainter  than 
tiiose  of  Jupiter,  and,  therefore,  it  is  most  proba- 
ble that  they  are  permanent  portions  of  the  globe 
of  Saturn,  which  indicate  a  diversity  of  surface 
and  configuration  either  of  land  or  water,  or  of 
some  other  substances  with  which  we  are  unac- 
quainted. When  this  planet  is  viewed  with  a  good 
telescope,  it  appears,  like  Jupiter,  to  be  of  a  sphe- 
roidal figure,  or  somewhat  approaching  to  it. 
The  proportion  of  its  polar  to  its  equatorial 
diameter  is  as  3'3  to  35,  or  nearly  as  11  to  12;  so 
that  the  polar  diameter  is  more  than  6,700  miles 
shorter  than  the  equatorial,  which  is  a  greater 
difference  than  that  of  the  two  diameters  of  Ju- 
piter. Saturn  was  generally  considered,  until 
lately,  as  a  regular  spheroid;  but  on  the  12th  of 
April,  1805,  Sir  W.  Herschel  was  struck  with  a 
very  singular  appearance  when  viewing  the  planet. 
"  The  flattening  of  the  poles  did  not  seem  to 
begin  until  near  a  very  high  latitude,  so  that  the 
real  figure  of  the  planet  resembled  a  square,  or 
rather  a  parallelogram,  with  the  four  corners 
rounded  off  deeply,  but  not  so  much  as  to  bring 
it  to  a  spheroid."  It  is  piobable  that  the  action 
of  the  ring  or  its  attractive  power  is  the  cause  of 


the  great  protuberance  which  is  found  about  the 
equatorial  regions  of  Saturn. 

Maynitude  and  Extent  of  Surface  on  Saturn. — 
This  planet  is  about  79,000  miles  in  diameter,  and 
nearly  a  thousand  times  larger  than  the  earth. 
Its  surface  contains  more  than  19,600,000,900  of 
square  miles,  and,  consequently,  at  the  rate  of 
280  inhabitants  to  a  square  mile,  it  would  contain 
a  population  of  5,488,000,000,000,  or  about  five 
billions  and  a  half,  which  is  six  thousand  eight 
hundred  and  sixty  times  the  present  number  of 
inhabitants  on  our  globe;  so  that  this  globe, 
which  appears  only  like  a  dim  sr.eck  on  our  noc- 
turnal sky,  may  be  considered  as  equal  to  six 
thousand  worlds  like  ours;  and  since  such  a  noble 
apparatus  of  rings  and  moons  is  provided  for  the 
accommodation  and  contfemplation  of  intelligent 
beings,  we  cannot  doubt  that  it  is  replenished  with 
ten  thousand  times  ten  thousands  of  sensitive  and 
rational  inhabitants;  and  that  the  scenes  and 
transactions  connected  with  that  distant  world 
may  far  surpass  in  grandeur  whatever  has  occurred 
on  the  theater  of  our  globe. 

Density  of  Saturn. — The  density  of  Saturn, 
compared  with  that  of  the  earth,  is  nearly  as  one  to 
nine;  compared  with  that  of  water,  it  is  less  thau 
one-half;  so  that  the  mean  density  of  this  planet 
cannot  be  much  more  than  the  density  of  cork; 
and,  consequently,  the  globe  of  Saturn,  were  it 
placed  in  an  immense  ocean,  would  swim  on  the 
surface  as  a  piece  of  cork  or  light  wood  swims  in 
a  basin  of  water.  There  is  none  of  tiie  planets, 
so  far  as  we  know,  whose  density  is  so  small  as 
that  of  Saturn,  or  less  tlian  the  density  of  water. 
We  are  not  to  imagine,  however,  that  the  mate- 
rials which  compose  the  surface  of  Saturn  are  as 
light  as  cork,  or  similar  substances;  for  anything  we, 
know  to  the  contrary,  they  may  be  as  dense  as  the 
rocks  and  mold  which  compose  the  crust  of  our 
globe.  We  have  only  to  suppose  that  the  globe  of 
Saturn  is  hollow,  or  merely  filled  with  souie  elastic 
fluid,  and  that  the  solid  parts  of  its  exterior  crust 
form  a  shell  of  a  hundred  or  two  hundred  miles  in 
thickness.  It  is  true,  indeed,  that  the  density  of 
our  globt!  increases  from  its  surface  downward, 
perhaps  even  to  the  center.  But  we  have  no  rea- 
son to  suppose  that  this  is  the  case  with  all  the 
other  planets;  on  the  contrary,  it  is  most  probable 
tliat  it  is  exactly  the  reverse  in  the  case  of  Saturn; 
for  if  the  materials  which  compose  that  planet 
were  to  increase  in  density  toward  the  center,  the 
substances  on  its  surface  would  have  little  more 
density  or  solidity  than  that  of  a  cloud  suspended 
in  the  atmosphere.  An-1  we  know  that,  in  all  the 
works  of  the  Creator,  variety  is  one  graiid  charac- 
teristic of  his  plans,  even  where  the  same  general 
objects  are  intended  to  be  accomplished,  and  the 
same  general  laws  are  in  operation. 

From  want  of  correct  views  on  this  subject, 
several  foolish  and  erroneous  notions  have  been 
entertained  and  circulated.  In  a  late  number  of 
a  popular  and  extensively  circulated  journal, 
when  treating  of  "Planetary  Arrangements,"  it 
is  stated,  that  "  while  on  Mercury  a  native  of 
earth  would  scarcely  be  able  to  drag  one  foot  after 
another  for  the  strong  power  pulling  him  to 
the  ground,  he  could,  on  the  planet  Saturn,  leap 
sixty  feet  high  as  easily  as  he  could  here  leap  a 
yard."  Now,  both  these  positions  are  quite  er- 
roneous; for  although  the  density  of  Mercury  is 
about  double  the  density  of  the  earth,  and  nearly 
that  of  lead,  yet  the  bulk  of  tlie  two  planets  is 
very  different,  the  diameter  of  the  earth  being 
nearly  8000  miles,  while  that  of  Mercury  is  only 
3200,  and  the  force  with  which  a  body  placed  on 
their  surfaces  gravitates  to  them  is  in  proportion 
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to  their  masses  divided  by  the  squares  of  their  dia- 
meters. If  Mercury  were  as  large  as  tlie  earth, 
an  inhabitant  of  our  globe  placed  on  the  surface 
of  that  planet  would  feel  himself  "pulled  to  the 
ground"  as  if  he  wore  placed  on  a  similar  ball 
of  lead,  and  his  weight,  of  course,  would  be  in- 
creased; but,  as  matters  now  stand,  the  gravita- 
tion on  Mercury  is  only  a  small  fraction  greater 
than  on  the  surface  of  the  eartn;  so  that,  in  this 
respect,  "a  native  of  the  earth,"  and  particularly 
an  inhabitant  of  Greenland,  might  walk  with 
nearly  as  much  ease  on  the  planet  Mercury  as 
under  our  equator.  The  same  considerations 
show  the  absuruity  of  what  is  stated  in  relation  to 
Saturn;  for  that  planet  is  ten  times  the  diameter 
of  the  earth;  and  though  its  density  is  nearly  as 
small  as  that  of  cork,  yet  its  immense  bulk  ren 
ders  the  force  of  gravity  at  its  surface  somewhat 
greater  than  even  on  the  earth,  and  almost  as 
great  as  on  the  surface  of  Mercury.  A  body 
which  weighs  one  pound  on  the  surface  of  the 
earth  would  weigh  one  pound  and  four  drachms  if 
removed  to  the  svirface  of  Saturn;  so  that  a  per- 
son, instead  of  being  able  to  "  leap  sixty  feet 
high"  from  the  surface  of  this  planet,  would  be 
unable  to  leap  quite  so  jiigh  as  he  can  do  on  the 
earth.  In  short,  there  is  not  a  planet  in  the  solar 
system,  with  the  exception  of  Jupiter,  on  which 
an  inhabitant  of  the  earth  'night  not  move  about 
as  easily,  in  respect  to  gravitating  power,  as  he 
does  on  the  terraqueous  globe;  and  even  on  Jupi- 
ter, he  would  experience  little  more  than  double 
the  weight  he  now  feels.  On  some  of  the  other 
planets,  such  as  Mars  and  Juno,  he  would  feel 
somewhat  lighter  than  he  now  does,  but  not  nearly 
so  much  as  would  enable  him  to  leap  to  such  a 
liight  as  above  stated.  On  the  same  principle, 
which  is  taken  for  granted  in  the  above  quotation, 
we  might  suppose  that  a  person  would  feel  much 
lighter  were  he  placed  on  the  surface  of  the  sun, 
because  the  density  of  that  luminary  is  little  more 
than  the  density  of  water;  whereas,  in  conse- 
quence of  his  immense  size,  the  gravitating  pow- 
er would  be  twenty-seven  times  greater  than  at  the 
surface  of  our  globe.  For,  according  to  the  cal- 
culations of  La  Place,  a  body  which,  at  the  earth's 
equator,  weighs  one  pound,  if  transported  to  the 
surface  of  the  sun,  would  weigli  about  'twenty- 
seven  and  a  half  pounds;  from  which  it  follows, 
that  there  a  lieavy  body  would  descend  about 
four  hundred  and  twenty-five  feet  in  the  first  se- 
cond of  time;  consequently,  were  a  man  who 
weighs  two  hundred  pounds  to  be  placed  on  the 
sun,  he  would  be  pressed  down  to  its  surface  with 
a  force  equal  to  five  thousand  five  hundred  pounds, 
or  nearly  two  tons  and  a  half,  which  would  fix 
him  to  the  surface  without  power  of  motion.  So 
that  whatever  beings  may  inhabit  that  globe,  it  is 
not  fitted  for  the  residence  of  man  in  his  present 
state  of  organization. 

The  eccentricity  of  Saturn's  orbit  is  49,000,000 
of  miles,  which  is  about  the  l-37th  part  of  the 
diameter  of  the  orbit.  Its  inclination  to  the 
ecliptic  is  2°  29)0'.  Its  apparent  diameter,  as 
seen  from  the  earth,  is  seventeen  minutes,  six 
seconds;  and  its  mean  daily  motion,  two  minutes 
of  a  degree. 

VIII.    ON   THE   RINGS    OF   SATURN. 

Beside  the  appearance  above  described,  this 
planet  is  encircled  with  a  double  ring,  one  of  the 
most  astonishing  phenomena  which  have  yet 
been  discovered  in  the  heavens,  and  which,  there- 
fore, requires  a  separate  and  particular  descrip- 
tion. 


The  first  individual  who  perceived  a  glimpse  of 
Saturn's  ring  was  Galileo,  soon  after  the  inven- 
tion of  the  telescope.  He  thought  he  saw  that 
planet  appear  like  two  smaller  globes  on  each 
side  of  a  larger  globe;  or,  as  he  expressed  it,  that 
"  Saturn  was  in  the  shape  of  an  olive."  In  the 
year  KiiO,  he  published  his  discovery  in  a  Latiu 
sentence,  the  meaning  of  which  was,  that  he  had 
seen  Saturn  appear  with  three  bodies.  After  view- 
ing Saturn  in  tliis  form  for  two  years,  he  was  sur- 
prised to  see  him  become  quite  round  without  his 
adjoining  globes,  and  to  remain  in  this  state  for 
some  time,  and,  after  a  considerable  period,  to 
appear  again  in  liis  triple  form  as  before.  This 
deception  was  owing  to  the  want  of  magnifying 
power  in  the  telescope  used  by  Galileo;  for  the 
first  telescope  constructed  by  this  astronomer 
magnified  the  diameters  of  objects  only  three 
times;  his  second  improved  telescope  magnified 
only  eight  times;  and  the  best  telescope  which,  at 
that  time,  he  found  himself  capable  of  construct- 
ing, magnified  little  more  than  thirty  times;  and 
vvitli  this  telescope  he  made  most  of  his  discove- 
ries. But  a  telescope  of  this  power  is  not  suffi- 
cient to  show  the  opening  or  dark  space  between 
the  ring  and  Saturn  on  each  side  of  the  planet; 
and  at  the  time  when  it  appeared  divested  of  its 
two  appendages,  the  thin  and  dark  edge  of  the 
ring  must  have  been  in  a  line  between  his  eye 
and  the  body  of  Saturn,  which  phenomenon  hap- 
pens once  every  fifteen  years.  About  forty  years 
after  this  period,  the  celebrated  Huygens  greatly 
improved  the  art  of  grinding  object  glasses;  and 
with  a  telescope  of  his  own  construction,  twelve 
feet  long,  and  afterward  with  another  of  twenty- 
three  feet,  which  magnified  objects  one  hundred 
times,  he  discovered  the  true  shape  of  Saturn's 
ring,  and  in  1659  he  published  his  "  Sijstema  Sa- 
turliium,"  in  which  he  describes  and  delineates 
all  its  appearances. 

It  was  suspected  by  astronomers  more  than  a 
century  ago,  that  the  ring  of  Saturn  was  double, 
or  divided  into  two  concentric  rings.  Cassini 
supposed  it  probable  that  this  was  the  case.  Mr. 
Pound,  in  the  account  of  his  observations  on  Sa- 
turn in  1723,  by  means  of  Hadley's  new  reflect- 
ing telescope,  states  that  with  this  instrument 
he  could  plainly  perceive  "  the  black  list  ill  Sa- 
turn''s  ring,"  and  gives  an  engraving  of  the  pla- 
net and  ring  with  this  dark  stripe  distinctly 
marked,  as  in  the  modern  views  of  Saturn.*  Mr. 
Hadley  likewise  states  f  that,  in  the  year  1722, 
with  the  same  telescope,  he  observed  the  dark 
line  on  the  ring  of  Saturn  parallel  to  its  circum- 
ference, which  was  chiefly  visible  on  the  anste, 
or  extremities  of  the  elliptic  figure  in  which  the 
ring  appears,  but  that  he  was  several  times  able 
to  trace  it  quite  round;  particularly  in  May,  1722, 
he  could  discern  it  without  the  northern  limb  of 
Saturn,  in  that  part  of  the  ring  that  appeared  be- 
yond the  globe  of  the  planet,  and  could  perceive 
that  the  globe  of  Saturn  reflects  less  light  than 
the  inner  part  of  the  ring.  It  was  not,  however, 
until  Sir  W.  Herschel  began  to  make  observations 
on  this  planet  with  his  powerful  telescopes,  tiiat 
Saturn  was  recognized  as  being  invested  with 
two  concentric  rings.  The  following  cut  (Fig. 
58)  exhibits  a  view  of  Saturn  and  his  rings,  nearly 
in  their  respective  proportions,  as  they  would  ap- 
pear  were  they  placed  perpendicular  to  our  line 
of   sight;  but,  on  account  of  the  oblique   angle 


•See  "Philosophical  Transactions,"  No.  378,  for  July, 
17523;  and  Reid  and  Gray's  Abridgment,  Vol.  vi,  p.  153. 

t  "Philosophical  Trantaclions."  No.  378;  ot  Aliridgment, 
Vol.  Ti,  p.  154. 
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they  gererallj'  form  to  our  line  of  vision,  we 
never  see  them  through  the  telescope  in  this  po- 
sition. 

Fig.  58. 


The  Ibllowing  are  the  dimensions  of  the  rings, 
as  deterniiiu'd  by  the  observations  of  Sir  W.  Her- 
scIk'1,  whici)  are  here  expressed  in  the  nearest 
round  numbers.  Outside  diameter  of  the  exterior 
ring,  a  d,  204,800  miles,  which  is  nearly  twenty- 
six  tini's  the  diameter  of  the  earth.  Inside  dia- 
meiter  of  this  ring,  190,200  miles;  breadth  of  the 
dark  space  between  the  two  rings,  28-39  miles, 
which  is  70U  miles  more  than  the  diameter  of  our 
moon,  so  that  a  body  as  large  as  the  moon  would 
have  room  to  move  between  the  rings.  Outside 
diameter  of  the  inlerior  ring,  b;  184,400,  and  the 
inside  diameter,  14fi,300  miles.  Breadth  of  the 
exterior  ring,  7200  miles;  breadth  of  the  interior, 
20,000  miles,  or  2^2  times  the  diameter  of  the 
earth;  so  that  the  interior  ring  is  nearly  three 
times  broader  than  the  exterior.  The  fJiickness 
of  the  rings  has  not  yet  been  accurately  deter- 
mined. Sir  John  Herschel  supposes  that  it  does 
not  exceed  a  hundred  miles.  "So  very  thin  is 
the  ring,"  says  Sir  John,  "  that  i't  is  quite  invisi- 
ble, when  its  edge  is  directly  turned  to  the  earth, 
to  anj'  but  telescopes  of  extraordinary  power." 
On  the  I9th  of  April,  18-33,  "the  disappearance 
of  the  rings  was  complete  when  observed  with  a 
reflector  eighteen  inches  in  aperture  and  twenty 
feet  in  focid  length.*  The  breadth  of  the  two 
rings,  including  the  dark  space  between  them,  is 
very  nearly  equal  to  the  dark  space  which  inter- 
venes between  the  globe  of  Saturn  and  the  inside 
of  the  interior  ring.  It  appears  to  have  been 
lately  ascertained  tliat  this  double  ring  is  not  ex- 
actly circular,  but  eccentric.  This  seems  to  have 
been  first  observed  by  M.  Schwalz,  of  Dessau,  in 
1828.  He  informed  M.  Harding  of  it,  who  thought 
he  saw  tiie  same  thing;  M.  Harding  informed 
Professor  Schumacher,  who  applied  to  M.  Striive 
to  settle  the  question  by  means  of  the  superb  mi- 
crometer attached  to  his  great  telescope.  M. 
Striive  measured  the  distance  between  the  ring 
and  the  body  of  the  planet  on  five  difTerent  days, 
and  ascertained  that  Saturn''s  rivg  is  really  eccen- 
tric, and,  consequently,  that  the  center  of  the 
planet  does  not  coincide  with  the  center  of  the 
ring;  but  that  the  center  of  gravity  of  the  rings 
oscillates  round  Uiat  of  the  body  of  Saturn,  de- 
Bcriliing  a  very  minute  orbit.  This  is  considered 
as  of  the  utmost  importance  to  the  stahiiity  of  the 
system  of  the    rings,  in   preventing   them   from 


*  Sir  Jotin  Herschel  states  the  dimensions  of  these  rinjrs 
on  a  somewhrt  lower  scale  than  what  his  father  delerniineil. 
He  .«ays  that  they  were  calculated  from  Professor  Struve's 
Tiicromeiricni  measures;  but  admits  that  eome  of  the  di- 
mensions he  slates  are  perhaps  too  small. 


being  shifted  from  their  equilibrium  by  any  ex- 
ternal force,  such  as  the  attraction  of  the  satel- 
lites, which  might  endanger  their  falling  upon 
the  planet.  That  this  double  ring  really  consists 
of  two  concentiic  rings,  was  demonstrated,  says 
Professor  Robison,  "  by  a  star  having  been  .seou 
through  the  interval  between  them." 

This  double  ring  is  now  found  to  have  a  swift 
rotation  round  Saturn  in  its  own  plane,  which  it 
accomplishes  in  about  ten  hours  and  a  half.  This 
is  very  nearly  the  periodic  time  wiiich  a  satellite 
would  take  in  revolving  at  the  same  distance  from 
the  center  of  Saturn.  This  rotation  was  defected 
by  observing  that  some  portions  of  the  ring  wero 
a  little  less  bright  than  others.  Sir  W.  Herschel, 
when  exaniiuing  the  plane  of  tlie  ring  with  a 
powerful  telescope,  perceived  near  the  extremity 
of  its  arms  or  ansce.  several  lucid  or  protuberant 
points,  which  seemed  to  adhere  to  the  ring.  At 
first  he  imagined  them  to  be  satellites,  but  after- 
ward found,  upon  careful  examination,  that  none 
of  the  satellites  could  exhibit  such  an  appearance, 
and  therefore  concluded  that  these  points  adhered  g 
to  the  ring,  and  that  the  variation  in  their  position 
arose  from  a  rotation  of  the  ring  round  its  axisiu 
the  period  above  stated.  The  ciicumference  of 
the  exterior  ring  being  643,630  miles,  every  point 
of  its  outer  surface  moves  with  a  velocity  of  more 
than  a  thousand  miles  every  minute,  or  seventeen 
miles  during  one  beat  of  the  clock.  It  is  highly 
probable  that  this  rapid  rotation  of  the  ring  is  one 
of  tlie  principal  causes,  under  the  arrangements 
of  the  Creator,  of  sustaining  the  ring,  and  pre- 
venting it  from  collapsing  and  falling  down  upon 
the  planet.  This  double  ring  is  evidently  a 
solid  compact  substance,  and  not  a  mere  cloud 
or  shining  fluid;  for  it  casts  a  deep  shadow 
upon  different  regions  of  the  planet,  which  is 
plainly  perceived  by  good  telescopes.  Beside, 
were  it  not  a  solid  arch,  its  centrifugal  force, 
caused  by  its  rapid  rotation,  would  soon  dissipate 
all  its  parts,  and  scatter  them  in  the  surrounding 
spaces.  It  is  not  yet  ascertained  whether  both 
the  rings  have  the  same  period  of  rotation.  This 
magnificent  appendage  to  the  globe  of  Saturn  is 
about  30,000  miles  distant  from  the  surface  of 
the  planet,  so  that  four  globes  nearly  as  large  as 
the  earth  could  be  interposed  between  them;  it 
keeps  always  the  same  position  with  respect  to 
the  planet;  is  incessantly  moving  around  it;  and 
is  carried  along  with  the  planet  in  its  revolution 
round  the  sun. 

The  surface  of  the  double  ring  does  not  seem 
to  be  exactly  plane.  One  of  the  ansaj*  sometimes 
disappears  and  presents  its  dark  edge,  while  the 
other  ansa  continues  to  appear,  and  exhibits  a  part 
of  its  plane  surface.  On  the  9th  of  October, 
1714,  the  ansse  appeared  twice  as  short  as  usual, 
and  the  eastern  one  much  longer  than  the  western. 
On  the  first  of  the  same  month,  the  largest  ansa 
was  on  the  east  side;  on  the  12th,  the  largest  ansa 
was  on  the  west  side  of  Saturn's  disc;t  which  led 
the  observers,  even  at  that  period,  to  conclude  that 
the  ring  had  a  rotation  round  the  planet.  On  the 
11th  of  January,  1774,  M.  Messier  observed  both 
tho  ansaB  completely  detached  from   the  planet. 


*  The  parts  of  the  rin^  about  the  ends  of  the  longest  axis, 
reaching  beyond  the  disc  of  the  planet,  are  called  the  ansa. 
Ansa  signifies  a  handlr,  which  name  was  given  when  tele- 
scopes were  so  imperfect  as  to  represent  Saturn  as  a  globe 
with  two  small  knobs  on  each  side.  The  same  name  is  still 
continued,  though  it  is  somewhat  improper,  now  that  the 
true  shape  of  this  appendage  is  known.  Still  the  geiieraj 
appearance  of  Saturn  is  somewhat  like  a  globe,  with  an 
ansa  or  handle  on  each  side. 

t  Memoirs  of  the  Royal  Academy  of  Sciences  for  1715. 
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and  llie  eastern  one  larger  than  the  other.  In 
1774,  Sir  W.  Ilerschel  likewise  observed  Saturn 
will)  a  single  ansa.  From  these  observations,  it 
has  been  concluded  that  there  are  irregularities 
on  the  surface  of  the  ring,  analogous,  perhaps,  to 
mountains  and  vales  of  vast  extent;  and  that  the 
occasional  disappearance  of  the  anssB  may  possibly 
arise  from  a  curvature  in  its  surface.  Sir  W. 
Herschel  was  of  opinion  that  the  edge  of  the  ex- 
terior ring  is  not  flat,  but  of  a  spherical,  or  rather 
spheroidal  form.  ] 

Dhitensions  of  Saturn's  Rings.  —  It  is  difficult 
for  the  mind  to  form  an  adequate  conception  of 
the  magnitude,  the  mechanism,  and  the  magnifi- 
cence of  these  wonderful  rings,  which  form  one 
of  the  most  astonishing  objects  that  tb.e  universe 
displays.  In  order  to  appreciate,  in  some  measure, 
the  immense  size  of  these  rings,  it  may  be  proper 
to  attend  to  the  following  stalewients:  Suj)pose  a 
person  to  travel  round  the  outer  edge  of  the 
exterior  ring,  and  to  continue  his  journey  without 
intermission  at  the  rate  of  twenty-five  miles  every 
day,  it  would  require  more  than  seventy  years 
before  he  could  finish  his  tour  round  this  immense 
celestial  arch.  The  interior  boundary  of  the 
inner  ring  incloses  a  space  wliich  would  be  suffi- 
cient to  contain  within  it  three  hundred  and  forty 
globes  as  large  as  the  earth;  and  the  outer  ringcould 
inclose  within  its  inner  circumference  five  hun- 
dred and  seveniy-five  globes  of  the  same  magni- 
tude, supposing  every  portion  of  the  iiiclo.sed  area 
to  be  filled.  'I'his  outer  ring  would  likewise  in- 
close a  globe  containing  2,b2'J,5t;0,622,04S,3l5  or 
more  than  two  thousand  eight  hundred  billiovs  of 
cubical  miles,  which  globe  would  be  equal  to 
more  than  ten  thousand  eight  hundred  globes  of  the 
size  of  the  earth.  In  regard  to  the  quantity  of 
surface  contained  in  these  rings,  the  one  side  of 
the  outer  ring  contains  an  area  of  4,529,401,800, 
or  more  than  four  thousand  five  hundred  millions 
of  square  miles.  The  one  side  of  the  inner  ring 
contains  9,695,780,818,  or  nearly  ten  thousand 
millions  of  square  miles.  The  two  rings,  there- 
fore, contain  on  one  side  above  fourteen  thousand 
four  hundred  millions  of  square  miles;  and  as  the 
other  sides  of  the  rings  contain  the  sanie  extent 
of  surface,  the  whole  area  comprehended  in  these 
rings  will  amount  to 28,850, .'105,  236,  or  more  than 
twenty-eight  thousand  eight  hundred  millions  of 
square  miles.  This  quantity  of  surface  is  equal 
to  146  times  the  number  of  square  miles  in  the 
terraqueous  globe,  and  is  more  than  588  times  the 
area  of  all  tiie  habitable  portions  of  the  earth. 
Were  we  to  suppose  these  rings  inhabited  (which 
is  not  at  all  itnprobable)  they  could  accommodate 
a  population,  according  to  the  rate  formerly  stated, 
of  8,078,102,266,080,  or  more  than  eight  billions, 
which  is  equal  to  more  than  ten  thousand  times  the 
present  population  of  our  globe;  so  that  these 
rings,  in  reference  to  the  space  they  contain,  may 
be  considered,  in  one  point  of  view,  as  equal  to 
ten  thousand  worlds. 

Were  we  to  take  into  consideration  the  thickness 
of  the  rings,  we  should  find  a  very  considerable 
addition  to  the  area  above  stated.  Supposing, 
according  to  Sir  J.  Herschel 's  estimate,  that  they 
are  only  one  hundred  miles  thick,  the  area  of  the 
exterior  circumference  of  the  edge  of  the  outer 
ring  will  be  64,365,700  miles;  and  that  of  the 
interior  edge,  59,777,100.  The  exterior  edge  of 
the  inner  ring  will  contain  an  area  of  57,954,200 
square  miles,  and  the  interior  edge  45,980,000;  in 
all  228,077,000  square  miles,  which  is  thirty-one 
millions  of  square  miles  more  han  the  whole  area 
of  our  globe. 

These  rings,  therefore,  exhloit  a  striking  idea 


of  the  power  of  the  Creator,  and  of  the  grandeur 
and   magnificence    of   his  plans    and    operations. 
They  likewise  display  the  depths  of  his  wisdom 
and  intelligence  ;  for  they  are  so  adjusted,  both  iu 
respect  to  their  position  around  the  body  of  tho 
planet  and  to  the  degree  of  motion  impressed  upon 
them,  as  to  prevent  both  their  falling  in  on  tha 
planet  and  their  flying   off  from   it  tlirough   tha 
distant  regions  of  space.     We  have  already  stat^-d 
that  the  rings  are  not  exactly  concentric  with  tlu 
body  of    the    planet.     Now,    it   is  demonstrable, 
from     physical    considerations,    that    were     they 
mathematically  perfect  in  their  circular  form,  and 
]  exactly  concentric  with  the  planet,  "they  would 
form  a  system  in  a  slate  of  unstable  equilibrium, 
]  which  the  slightest  external  power,"  such  ;'.s  tiie 
[  attraction    of    the    satellites,    "might   completely 
'  subvert,  by  precipitating  them   unbroken  on  the 
surface  of  the  planet."     For  physical  laws  must 
\  be  considered  as  operating  in  the  system  of  Saturn 
i  as  well  as  in   the  earth  and  moon,  and  tlie  other 
'<  planets;  and  every  minute  circumstance  must  be 
adjusted   so    as    to    correspond   with  these   laws. 
"The   observed  oscillation,"  says  Sir  J.  H(^rscliel, 
I  "  of   the  centers  of  the   rings  about  that  of  tho 
I  planet  is,  in  itself,   the  evidence  of  a  perpetual 
j  contest    between    conservative    and    destructive 
powers,   both  extremely  feeble,  but  so  antagoni- 
zing one   another  as  to   prevent   t)  e  latter  from 
ever  acquiring  an  uncontrollable  ascendency  and 
rushing    to  a  catastrophe."     "  The  smallest  dif- 
ference  of  velocity  between  the  body  and   rings 
must  infallibly  precipitate  the  latter  on  the  former, 
never  more  to  separate  ;  consequently,  either  their 
motions   in   their  common  orbit  around  the  sun 
must  have  been  adjusted  to  each  other  by  an  ex- 
ternal power  with  the  minutest  precision,  or  tho 
rings  must  have  been   formed  about  the  ]>lanet 
while  subject  to   their  common  orbitual  motion 
and  under  the  full  free  influence  of  all  the  acting 
forces."      Here,  then,  we  have  an  evident  proof 
of  the  consummate  wisdom  of  the  almighty  Con- 
triver in  so    nicely   adjusting  everything  in    re- 
spect to  number,  weight,  position  and  motion,  ai 
to  preserve  in    undeviating  stability  and  perma- 
nency this  wonderful  system  of  Saturn;  and  w« 
1  have  palpable  evidence  that  everything  conducive 
to  this  end  has  been  accomplished,  from  the  fuel 
that  no  sensible  deviation  has  been  observed  in 
this  system  for  more  than  220  years,  or  since  tlio 
ring  was  discovered;  nor,  in  all  probability,  lias 
there  ever  been  any  change  or  catastro[)he  in  this 
respect   since    the    planet    was    first   created  and 
launched  into  the  depths  of  space. 

Appearance  of  the  Rings  from  the  body  of  Sa- 
turn.— Tliese  rings  will  appear  in  the  firmament 
of  Saturn  like  large  luminous  arches  or  semicir- 
cles of  light,  stretching  across  the  heavens  from 
the  eastern  to  the  western  horizon,  occupying  the 
one-fourth  or  one-fifth  part  of  the  vi.sible  sky. — 
As  they  appear  more  brilliant  than  the  bojy  of 
the  planet,  it  is  probable  that  they  are  composed 
of  substances  fitted  for  reflectin'g  the  solar  light 
with  peculiar  splendor,  and  therefore,  will  present 
a  most  magnificent  and  brilliant  aspect  in  tha 
firmament  of  Saturn.  Their  appearance  will  he 
different  in  different  regions  of  the  planet.  At  a 
little  distance  from  the  equator  they  will  be  seeu 
nearly  as  complete  semicircles,  stretching  along 
the  whole  celestial  hemisphere,  and  apiiearing  ii) 
their  greatest  splendor.  In  the  day-time  they 
will  present  a  dim  appearance,  like  a  cloud  or  like 
our  moon  when  the  sun  is  above  the  horizon.^ 
After  sunset  their  brightness  will  increase,  as  our 
moon  increases  in  brilliancy  as  the  sun  disap- 
pears, and  the  shadow  of  the  globe  of  Saturn  will 
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be  seen  on  their  eastern  boundary  directly  oppo- 
site to  the  sun.  This  shadow  will  appear  to  move 
gradually  along  the  rings  until  midnight,  when  it 
will  be  seen  near  the  zenith,  or  the  higliest  point 
of  these  celestial  arches.  After  midnight  it  will 
appear  to  decline  to  the  western  horizon,  where  it 
will  be  seen  near  the  time  of  the  rising  of  the 
Bun.  Alter  sunrise  the  brightness  decays,  and  it 
appears  like  a  cloudy  arch  throughout  the  day. 
The  following  circumstances  will  add  to  the  in- 
terest of  this  astonishing  spectacle:  1.  The  rapid  , 
nwtion  of  the  rings,  which  will  appear  to  move 
from  the  eastern  horizon  to  the  zenith  in  two 
hours  and  a  hall'.  2.  The  diversity  of  surjace 
which  the  rings  will  exhibit;  for  if  we  can  trace 
inequalities  upon  these  rings  by  the  telescope  at 
the  distance  of  more  than  800,000,000  of  miles, ' 
much  more  must  the  inhabitants  of  Saturn  per- 
ceive all  the  variety  with  which  they  are  adorned 
when  they  are  placed  so  near  them  as  the  one- 
eighth  part  of  the  distance  of  our  moon.  Every 
two  or  three  minutes,  therefore,  a  new  portion  of 
the  scenery  of  the  rings  will  make  its  appearance 
in  the  horizon  with  all  their  diversified  objects; 
and  if  these  rings  be  inhabited,  the  various  scenes 
and  operations  connected  with  their  population 
might  be  distinguished  from  the  surface  of  Saturn 
with  such  eyes  as  ours,  aided  by  our  most  power- 
ful telescopes.  3.  The  motion  of  the  shadow  of 
the  globe  of  Saturn  in  a  direction  contrary  to  the 
motion  of  the  rings,  which  shadow  will  occupy  a 
space- of  many  thousand  miles  upon  the  rings, 
will  form  another  variety  of  scenery  in  the  firma- 
ment. 4.  If  the  two  rings  revolve  around  the 
planet  in  dilTerent  periods  of  time,  the  appear- 
ance in  the  celestial  vault  will  be  still  more  diver- 
sified; then  one  scene  will  be  seen  rising  on  the 
tipper,  and  another  and  a  different  scene  rising  on 
the  lower  ring;  and,  through  the  opening  between 
the  rings,  the  stars,  the  plane!*,  and  one  or  two 
\i  the  satellites  may  sometimes  appear. 

Near  the  polar  regions  of  tlie  planet  only  a 
.omparatively  small  portion  of  the  rings  will  ap- 
<  sar  above  the  horizon,  dividing  the  celestial  hemi- 
vhere  into  two  unequal  parts,  and  presenting  the 
eeme  general  appearance  now  described,  but  upon 
•X  BKia'k'.r  scale.  Toward  the  polar  points  the 
nng3  ^."li.in  all  probability,  be  quite  invisible.  Du- 
ling  vHt  .^lace  of  fourteen  years  and  nine  months, 
V^hicJi  it  half  the  year  of  this  planet,  the  sun 
shinee  on  t>e  one  side  of  these  rings  without  in- 
termii  uon,  .\nd  during  the  same  period  he  shines 
on  the  oli.iM  side.  During  nearly  fifteen  years, 
therefo  e,  tho  'nhabitants  on  one  side  of  the  equa- 
tor will  be  ei:k\'i!tened  by  the  sun  in  the  day-time 
and  the  'ings  iy  night,  while  those  on  the  other 
hemisph,  re,  who  h^o  under  the  dark  side  of  the 
ring,  sufl'ir  a  solei  eclipse  of  fifteen  years'  con- 
tinuance, luring  wh'-ch  they  never  see  the  sun. — 
At  the  tin.?  when  the  ^un  ceases  to  shine  on  one 
side  of  the  ring,  and  'f  about  to  shine  on  the 
other,  the  r'ugs  will  be  invisible  for  a  few  days  or 
weeks  to  all  the  inhabitsh'.s  of  Saturn. 

At  first  view  we  might  be  apt  to  suppose  that 
it  must  be  a  gloomy  situation  for  those  who  live 
under  the  shadow  of  the  rings  during  so  long  a 
period  as  fifteon  years;  but  we  are  not  acquainted 
with  all  the  circumstances  of  their  situation,  or  the 
numerous  beneficent  contrivances  which  may 
tend  to  cheer  them  during  this  period,  and,  there- 
fore, are  not  warranted  to  conclude  that  such  a 
situation  is  physically  uncomfortable.  We  know 
that  they  enjoy  the  light  of  their  moons  without 
almost  any  interruption;  sometimes  two,  some- 
times four,  and  sometimes  all  their  seven  moons 
are  shining  in  their  hemisphere  in  one  bright  as- 


semblage. Beside,  during  this  period  is  the  prin- 
cipal opportunity  they  enjoy  of  contemplating  the 
starry  firmament,  and  surveying  the  ii:ore  distant 
regions  of  the  universe,  in  which  they  may  enjoy 
a  pleasure  equal,  if  not  superior,  to  what  is  felt 
amid  the  splendor  of  the  solar  rays;  and  it  is  not 
improbable  that  multitudes  may  resort  to  these 
dai'ker  regions  for  the  purpose  of  making  celestial 
observations;  for  the  bright  shining  of  the  rings 
during  the  continuance  of  night  will,  in  all  pro- 
bability, prevent  the  numerous  objects  in  the 
starry  lieavens  from  being  distinguished.  The 
very  circumstances,  then,  which  might,  at  first 
view,  convey  to  our  minds  images  of  gloom  and 
horror,  may  be  parts  of  a  system  in  which  are 
displayed  the  most  striking  evidences  of  benefi- 
cent contrivance  and  design.  It  must  be  a  strik- 
ing scene  when  the  sun  is  of  a  sudden  altogether 
intercepted,  without  any  apparent  cause,  not  to 
return  for  fifteen  years;  and,  on  the  other  hand, 
when,  at  the  end  of  this  period,  his  light  again 
bursts  all  at  once  upon  the  astonished  beholders, 
closing  up,  as  it  were,  the  prospects  of  the  firma- 
ment, and  diffusing  his  splendor  on  every  sur-  * 
rounding  object;  and  both  events  may  be  attend- 
ed with  sentiments  of  admiration  and  emotions 
of  delight.  At  certain  times  of  the  year  of  Sa- 
turn, and  in  certain  latitudes  from  his  equator,  the 
sun  will  be  eclipsed  for  a  short  time,  every  day  at 
noon,  by  the  upper  part  of  the  exterior  ring,  ac- 
cording as  he  declines  more  or  less  to  the  opposite 
side;  and  sometimes  he  will  be  partially  eclipsed 
by  the  under  side  of  the  exterior  ring  and  the 
upper  side  of  the  interior,  and  sometimes  will  be 
seen  moving  along  the  interval  which  separates 
these  rings. 

The  following  figures  are  intended  to  convey  a 
rude  idea  of  the  objects  connected  with  the  firma- 
ment of  Saturn. 

Fig.  59. 


Fig.  60. 

Fig.  59,  represents  the  appearance  of  the  rings 
at  a  little  distance  from  the  planet's  equator, 
where  they  will  appear  nearly  as  complete  semi- 
circles. A  B  represents  a  portion  of  the  globe 
of  Saturn;    C  D    the    shadow  of   Saturn    as   it 
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appears  upon  the  rings  at  midnight,  after  which  it 
will  appear  to  move  gradually  to  the  west  until 
sunrise,  when  it  will  disappear  below  the  horizon. 
The  sun,  partly  eclipsed  by  tlie  U[)per  and  lower 
edge  of  the  rings  in  the  day-time,  is  represented  at 
e,J,  g,  and  h.  Tlie  other  objects  are  sonie  of  the 
satellites  in  different  phases,  and  the  fixed  stars, 
of  which  few  will  probably  be  seen,  some  of  them 
within  and  some  of  ♦hem  beyond  the  rings. — 
Fig.  60,  represents  the  luigs  as  the}' will  ajipaar 
from  places  near  the  polar  regions  of  the  planet, 
from  which  situations  they  will  appear  as  only 
small  segments  of  circles  near  the  horizon.  The 
nearer  the  pole,  the  smaller  the  circles  will  appear. 

From  the  above  descrijition,  it  appears  that 
there  is  a  great  varieiy  in  the  scenery  presented 
in  the  liimament  of  Saturn;  and  tliis  scenery  is 
different  as  viewed  from  different  regions  of  the 
planet.  From  the  regions  near  the  equator  the 
rings  will  appear  to  the  greatest  advantage  and  in 
all  their  splendor.  Fi'om  these  positions  the  vari- 
ous objects  connected  with  the  rings  will  be  most 
distinctly  observed,  as  the  spectators  will  be  at 
the  nearest  distance  from  the  inner  ring,  which  is 
about  thirty  thousand  miles.  At  the  latitude  of 
45°  they  will  be  twenty  thousand  miles  farther 
from  them;  they  will  appear  at  a  much  lower  ele- 
vation above  the  horizon,  a  smaller  portion  of 
their  curve  will  be  seen,  and  their  breadth  will  oc- 
cupy a  less  space  in  the  heavens.  At  a  higher 
latitude  a  still  smaller  portion  will  be  seen,  until 
they  dwindle  to  a  small  curve  or  speck  of  light  in 
the  horizon;  and  at  the  poles  they  will  be  quite 
invisible  by  the  interposition  of  equatorial  parts 
of  the  planet.  Immediately  under  the  equator  the 
light  of  the  rings  will  be  scarcely  visible,  but  the 
sun  will  occasionally  illuminate  the  under  edge  of 
the  interior  ring,  at  /,  e,  D,  and  other  places; 
which,  at  night,  will  appear  like  a  narrow  lumi- 
nous arch  stretching  directly  across  the  zenith 
from  the  eastern  to  the  western  horizon,  and 
diversified  with  the  motion  of  the  shadow  of  Sa- 
turn. Beside  the  different  appearances  cf  he 
starry  regions,  the  various  aspects  of  the  moons, 
some  of  them  rising,  setting,  and  culminating,* 
some  of  them  appearing  as  crescents,  half  moons, 
and  full  enlightened  hemispheres,  some  entering 
into  an  eclipse,  and  some  emerging  from  it,  anci 
all  of  them  appearing  to  move  with  a  rapid  velo- 
city around  the  sky,  will  greatly  add  to  the  variety 
and  diversity  of  scenery  which  appears  in  the 
firmament  of  this  planet.  This  diversity  of  as- 
pect, which  the  scenery  of  nature  presents  from 
different  regions  of  the  planet,  will,  in  all  proba- 
bility, have  a  tendency  to  promote  frequent  inter- 
courses among  the  different  tribes  of  its  inhabit- 
ants, in  order  to  contemplate  the  different  scenes 
of  nature  and  providence  displayed  throughout 
this  spacious  and  magnificent  globe.  All  these 
circumstances,  properly  considered,  form  of  them- 
selves a  presumptive  argument  to  prove  th;'.t  the 
sublime  and  exquisite  contrivances  connected  with 
this  planet  were  not  intended  merely  to  illuminate 
barren  sands  and  hideous  deserts,  but  to  afford  a 
comfortable  and  magnificent  habitation  for  thou- 
sands of  millions  of  rational  inhabitants  who  em- 
ploy their  faculties  in  the  contemplation  of  the 
wonders  which  surround  them,  and  give  to  their 
Creator  llie  glory  v/hich  is  due  to  his  name. 

It  has  often  been   asked  as  a  mysterious  qiies- 

ion,  "  What  is  the   use  o{  the   rings  with   which 

iSaturu  is  environed?  "     This  is  a  question  which 

I  conceive  there  is  no  great  difficulty  in  answor- 

'  A  licavenly  body  is  said  to  culminate  when  it  comes  to 
the  oiei  idian,  or  the  highest  point  of  its  diurnal  couiie. 


ing.  The  following  considerations  will  go  a  great 
way  in  determining  this  question:  1.  They  are 
intended  to  produce  all  tlie  varieties  of  celestial 
and  terrestrial  scenery  which  I  have  described 
above,  and  doubtless  other  varieties  with  which 
we  are  unacquainted;  and  this  circumstance  of 
itself,  although  we  could  devise  no  other  reason, 
might  be  suflicieut  to  warrant  the  Creator  to 
deviate  from  his  general  arrangements  in  respect 
to  the  other  planets.  For  variety  is  one  charac- 
teristic of  his  plans  and  operations,  both  in  re- 
spect to  the  objects  on  our  globe  and  to  those 
which  exist  throughout  the  planetary  system,  and 
it  is  accordajit  with  those  d..sires  for  novelty  and 
variety  which  are  implanted  in  the  minds  of  in- 
telligent beings.  2.  They  are  intended  to  give  a 
display  of  the  grandeur  of  the  Divine  Being,  and 
of  the  effects  of  his  Omnipotence.  They  are 
also  intended  to  evince  his  inscrutable  wisdom 
and  intelligence  in  the  nice  adjustment  of  their 
motions  and  positions,  so  as  to  secure  their  sta- 
bility and  permanency  in  their  revolutions,  along 
with  the  planet,  around  the  sun.  3.  They  are 
doubtless  intended  to  teach  us  what  varied  scenes 
of  sublimity  and  beauty  the  Deity  lias  introduced 
or  may  yet  introduce  into  various  regions  through- 
out the  universe.  We  are  acquainted  with  only  a 
few  particulars  respecting  one  planetary  system; 
but  we  have  every  reason  to  conclude  that  many 
millions  of  similar  or  analogous  systems  e;(ist 
throughout  the  unlimited  regions  of  space.  In 
some  of  those  systems  the  arrangements  con- 
nected with  the  worlds  which  compose  them  may 
be  as  different  from  those  of  our  globe  and  noma 
of  the  other  planets,  as  the  arrangements  and 
apparatus  connected  with  Saturn  are  different 
from  those  of  the  planet  Vesta  or  Mars.  Around 
some  of  these  worlds  there  may  be  thrown  not 
only  two  concentric  rings,  but  rings  standing  at 
right  angles  to  each  other,  and  inclosing  and  re- 
volving round  each  other;  yea,  for  aught  wa 
know,  there  may  be  an  indefinite  number  of  rings 
round  some  worlds,  and  variously  inclined  to  each 
other,  so  that  the  planet  may  appear  like  a  terres- 
trial globe  suspended  in  the  middle  of  an  armil- 
lary  sphere;  and  all  those  rings  may  be  revolving 
within  and  around  each  other  in  various  directions 
and  in  different  periods  of  time,  so  as  to  produce 
a  variety  and  sublimity  of  aspect  of  which  we 
can  form  no  adequate  conception.  There  is 
nothing  irrational  or  extravagant  in  these  suppo- 
sitions; for,  had  we  never  discovered  the  rings  of 
Saturn,  we  could  have  formed  no  conception  of 
such  an  appendage  being  thrown  around  any 
world,  and  it  would  have  been  considered  in  the 
highest  degree  improbable  and  romantic  had  any 
one  broached  the  idea.  We  are  therefore  led  to 
conclude,  from  the  characteristic  of  variety  im- 
pressed on  the  universe,  that  Saturn  is  not  the 
only  planet  in  creation  that  is  surrounded  with 
such  an  apparatus,  and  that  the  number  and  posi- 
tion of  its  rings  are  not  the  only  models  according 
to  which  the  planetary  arrangements  in  other 
systems  may  be  constructed. 

4.  Beside  the  considerations  now  stated,  the 
chief  use,  I  pn-sume,  for  which  these  rings  were 
created  was,  that  they  might  serve  as  a  spacious 
ahi)de  for  myriads  of  vitelligent  creatures.  If  wo 
admit  that  the  globe  of  Saturn  was  formed  for  the 
reception  of  rational  inhabitants,  there  upi>ears  no 
reason  wliy  we  should  not  also  admit  that  the 
rings  were  constructed  chiefly  for  the  same  pur- 
pose. These  rings,  as  we  have  alreany  seen,  con- 
tain a  surface  of  about  thirty  thousand  fnillions  ot 
square  miles;  and,  if  all  the  other  planets  bo 
inhabited,  it  is  not  likely  that  the  Creator  woiud 
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eave  a  space  equal  to  nearly  600  times  the 
habitable  parts  of  our  globe  as  a  desolate  waste, 
without  any  tribes  of  either  sensitive  or  iutelli- 
geiit  existence.  It  forms  no  objection  to  this  idea 
that  the  rings  are  Jlat,  and  not  globular  like  the 
planets;  for  the  Creator  can  arrange  any  figure  of 
a  world  into  a  suitable  abode  for  intelligent  beings; 
and  on  our  globe  we  find  myriads  of  animated 
beings  fitted  for  every  mode  of  existence,  and  in 
situations  where  we  should  scarcely  ever  have  ex- 
pected to  see  them.  Beside,  three  or  four  centuries 
have  scarcely  elapsed  since  the  earth  was  generally 
consiucred  as  a  plane  indefinitely  extended;  and 
the  idea  of  its  being  a  globe,  inhabited  on  all 
sides,  was  scouted  as  untenable,  and  considered 
far  more  ridiculous  than  it  can  be  now  to  suppose 
the  flat  rings  of  Saturn  as  serving  the  purpose  of 
a  habitable  world.  What  should  hinder  them 
from  serving  this  purpose  as  well  as  the  globe  of 
Saturn?  They  are  solid  arches,  which  is  evident 
from  their  shadows  and  their  rapid  motion;  they 
contain  an  ample  space  for  an  immense  popula- 
tion; they  have  the  power  of  attraction,  like  other 
material  substances  connected  with  the  solar  sys- 
tem; they  are  capable  of  being  adorned  with  as 
great  a  diversity  of  surface,  and  as  great  a  variety 
of  beautiful  and  sublime  objects,  as  this  earth  or 
any  other  of  the  planetary  bodies;  and  it  can 
make  no  great  difference  in  the  enjoyments  of 
sentient  and  intellectual  beings  whether  they  live 
ou  a  globe,  a  spheroid,  a  cylinder,  or  a  plane  sur- 
face, which  the  hand  of  W^isdom  and  Omnipo- 
tence has  prepared  for  their  reception;  while  it 
displays,  at  the  same  time,  the  variety  of  modes 
in  which  the  Universal  Parent  can  convey  happi- 
ness to  his  numerous  ofifspring.  It  may,  perhaps, 
be  objected  to  the  idea  of  the  habitability  of  these 
rings,  that,  while  one  side  is  enlightened  during 
fifteen  years  without  intermission,  the  other  side 
remains  in  the  dark  during  the  same  period.  But 
the  same  thing  happens  to  extensive  regions  on 
the  globe  of  Saturn;  and,  doubtless,  arrangements 
are  made  for  the  enjoyment  of  the  inhabitants  in 
both  cases  during  this  period.  They  enjoy  in 
succession,  and  sometimes  all  at  once,  the  light 
reflected  from  at  least  seven  moons,  and  they 
behold  occasionally  the  body  of  Saturn  reflecting 
the  solar  rays  from  certain  parts  of  its  surface, 
and  appearing  like  a  vast  luminous  crescent,  in 
different  degrees  of  luster,  suspended  in  the  sky. 
(See  p.  69.; 

Many  other  views  and  descriptions  might  be 
given  of  the  phenomena  connected  with  the  sys- 
tem of  Saturn,  were  it  not  that  I  do  not  wish  to 
exhaust  the  patience  of  the  reader  by  dwelling 
too  long  on  one  subject.  The  circumstance  of 
two  concentric  rings  being  thrown  around  a  pla- 
net, however  simple  it  may  at  first  sight  appear, 
involves  in  it  an  immense  variety  of  peculiar  and 
striking  phenomena,  in  regard  both  to  the  inhab- 
itants of  the  planet  and  of  the  rings,  so  that  it  is 
difficult  for  file  mind  to  form  a  precise  and  definite 
conception  of  every  particular.  To  acquire  even 
a  general  view  of  such  phenomena,  it  would  be 
requisite  to  construct  a  pretty  large  machine, 
representing  the  system  of  Saturn,  in  all  its 
known  motions  and  proportions,  and  to  make  it 
revolve  around  a  central  light.  An  instrument 
of  this  kind  is  as  necessary  for  illustrating  the 
subject  on  which  we  have  been  descanting,  as  an 
orrery  or  planetarium  to  illustrate  the  seasons  and 
the  planetary  motions. 

Telescopic  Vietos  of  Saturn  and  its  RiiiflS. — As 
these  rings  present  a  variety  of  asjjects  as  seen 
from  different  parts  of  the  planet,  so  they  appear 
to  assmne  a  different  appearance  at  different  times 


when  viewed  through  our  telescopes.  Sometimes 
the  planet  appears  to  be  completely  divested  of  its 
rings;  sometimes  they  appear  only  like  a  short 
luminous  line  or  streak  on  each  sideof  its  body; 
sometimes  they  appear  like  handles  on  each  side  of 
the  planet;  and  at  other  times  like  a  large  ellipse  or 
oval  almost  surrounding  the  body  of  the  planet. 
These  varied  aspects  of  the  rings  are  owing  to  the 
following  circumstances.  The  rings  never  stand  at 
right  angles  to  our  line  of  vision;  otherwi.se  wo 
should  see  them  as  represented  in  Fig.  58  (p.  67). 
Our  eye"'  is  never  elevated  more  than  thirty  de- 
grees above  the  plane  of  the  rings.  The  plane 
of  the.se  rings  preserves  a  position  parallel  to  itself 
in  every  part  of  the  planet's  revolution,  being 
constantly  inclined  at  the  same,  or  nearly  the 
same  angle  to  tl;e  orbit  and  to  the  ecliptic,  which 
angle  is  about  twenty-nine  or  thirty  degrees.  The 
nodes  of  the  rinys  lie  in  190°  and  o5lJ°  of  longi- 
tude, which  correspond  to  the  twentieth  degree 
of  Virgo  and  tlie  twentieth  of  Pisces.  When, 
therefore,  the  planet  is  in  these  points,  the  rings 
entirely  disappear,  because  the  thin  edge  of  the 
outer  ring  only  is  turned  toward  our  eye,  and 
every  trace  of  it  is  lost  for  some  time,  except  the 
shadow  of  it,  wliich  aj)pears  like  a  dark  belt  across 
the  planet.  This  disappearance  happens  once 
every  fifteen  j-ears,  but  frequently  with  different 
circumstances.  Two  disappearances  and  two  re- 
appearances may  occur  in  the  same  year,  but 
never  more.  When  Saturn  is  in  the  longitude 
above  stated,  the  plane  of  the  rings  passes  through 
the  sun,  and,  the  light  then  falling  upon  it  edge- 
wise, it  is  to  us  no  longer  visible.  The  rings 
likewise  disappear  when  their  plane  passes  through 
the  earth;  for  its  edge  being  then  directed  to  the 
eye,  and  being  too  fine  to  be  seen,  the  planet 
appears  quite  round  and  unaccompanied  with  ita 
rings.  When  the  earth  is  placed  on  the  side  of 
the  rings  which  is  turned  from  the  sun,  we  have 
a  third  cause  of  its  disappearance.  As  the  planet 
passes  from  the  ascending  to  the  descending  node 
of  the  rings,  the  northern  side  of  their  plane  is 
turned  toward  the  sun.  As  it  passes  from  the 
descending  to  the  ascending  node,  the  southern 
side  of  the  rings  is  enlightened.  In  proportion 
as  it  recedes  from  these  nodes,  the  rings  appear  to 
widen  and  to  present  a  broader  ellipsis,  until  it 
arrives  at  90°  from  either  node,  or  in  80°  or  260° 
of  longitude,  corresponding  to  20°  of  Gemini  and 
20°  of  Scorpio;  at  which  time  the  rings  will  bo 
seen  to  the  greatest  advantage,  and  appear  almost 
surrounding  the  globe  of  Saturn.  At  the  time 
of  the  greatest  opening  of  the  rings,  their  shorter 
diameter  appears  exactly  one-half  of  the  longer 
diameter. 

The  following  figures  represent  the  different 
appearances  of  the  rings,  during  half  the  period 
of  the  revolution  of  Saturn,  as  seen  through  good 
telescopes.  Fig.  60  shows  the  appearance  of  Sa- 
turn when  the  ])lane  of  the  ring  is  parallel  to  the 
line  of  vision,  and  its  thin  edge  turned  to  the  eye. 
In  this  manner  the  planet  appeared  during  the 
months  of  October,  IS'ovember,  and  part  of  De- 
cember, 181:2,  when  notliing  was  perceptible  ex- 
cept the  dark  shade  across  its  disc,  as  represented 
in  the  figure.  The  first  time  the  weather  per- 
mitted observations  on  Saturn  about  this  period 
was  December  27,  when  I  perceived  the  ring, 
with  a  power  of  IbO,  appearing  like  a  fine  thread 
of  light  on  each  si.ie  of  the  planet,  as  represented 
Fig.  61.  About  the  beginning  of  October  the 
plane  of  the  ring  passed  through  the  center  of  the 
sun.  At  that  lime  the  inhabitants  of  Saturn, 
who  had  previously  Iven  in  darkness,  would  per- 
ceive the  margin  of  the   sun  projecting  over  the 


7'i 

edge  of  the  ring  like  a  brilliant  streak  of  light, 
and,  in  the  course  of  about  four  of  our  days,  or 
iiijie  days  of  Saturn,  the  whole  body  of  the  sun 
would  appear  above  the  plane  of  the  ring,  gradu- 
ally rising  a  little  higher  every  day,  as  he  does 
after  the  21  st  March  to  the  north  pole  of  the 
earth.  The  ring  began  to  appear  a  little  larger 
during  the  months  of  January,  February,  and 
March,  1833;  but  in  April  it  again  disappeared,  as 
the  earth  was  then  in  the  plane  of  the  ring,  and 
it  continued  invisiblfl  until  near  the  end  of  June. 
After  which  it  again  appeared,  as  represented  in 
Fig.  61,  and  will  now  continue  visible  until  the 
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5'ear  1847,  when  it  will  again  disappear.  In  about 
a  year  after  its  second  disappearance,  it  appeared 
as  in  Fig.  6"2.  In  about  a  year  and  a  half  after- 
ward the  opening  between  the  rings  appeared 
wider,  as  in  Fig.  63;  and  in  ls>37  it  appeared  as 
in  Fig.  64.  In  Fig.  65  the  rings  are  represented 
at  the  utmost  extent  in  which  they  are  ever  seen, 
along  with  the  dark  space  fliat  separates  the  two 
rings,  which  can  onlj'  be  distinguished  by  a  tele- 
scope magnifying  from  220  to  300  times.  In  this 
position  it  will  be  seen  in  1840;  after  which  it 
will  pass  through  all  the  gradations  here  repre- 
sented, appearing  narrower  every  year  until  1847, 
when  it  will  be  seen  as  in  Fig.  61;  soon  after 
which  it  will  entirely  disappear,  and  the  planet 
will  be  seen  as  if  divested  of  its  ring,  as  repre- 
sented in  Fig.  60.  Such  are  the  various  aspects 
under  which  Saturn  and  his  rings  appear,  as  view- 
ed through  powerful  telescopes. 

IX.    ON    THE    PLANET   URANUS. 

Since  the  time  of  Newton,  when  the  physical 
causes  of  the  celestial  motions  began  to  be  studied 
and  investigated,  astronomers  have  had  their  at- 
tention directed  to  the  power  or  influence  which 
the  planetary  bodies  exert  upon  each  other.  This 
power  is  termed  attraction  or  gravitation,  and  is 
inherent  in  all  material  substances,  so  far  as  our 
knowledge  extends.  It  is  exerted  in  proportion 
to  the  quantity  of  matter  and  the  distances  of  the 
respective  bodies;  the  planets,  in  their  nearest  ap- 
proach to  each  other,  causing  some  slight  devia- 


tions in  their  orbits  and  motions.  Some  disturb- 
ances or  inequalities  in  the  motions  of  Jupiter 
and  Saturn,  which  could  not  be  accounted  foi 
from  the  mutual  action  of  these  planets,  led  cer- 
tain astronomers  to  conclude  that  another  planet 
of  considerable  magnitude  existed  beyond  the  or- 
bit of  Saturn,  by  the  action  of  which  thesi-  irregu- 
larities were  produced.  It  was  not,  however,  until 
near  the  close  of  the  eighteenth  century  that  this 
happy  conjecture  was  realized  and  confirmed. — 
To  the  late  Sir  \V.  Herschel  astronomy  is  indebted 
for  discovering  a  new  primary  planet,  which  had 
been  previously  unknown  to  all  astronomers. 

This  illustrious  astronomer,  when  residing  in 
Bath,  hud  constructed  reflecting  telescopes  of  a 
larger  size  and  with  higher  powers  than  any  that 
had  been  previously  in  use,  and  had  devoted  his 
unwearied  attention  to  celestial  observations. — 
While  pursuing  a  design  which  he  had  formed,  of 
making  minute  observations  on  every  region  of 
the  heavens,  on  the  13th  of  March,  1781,  while 
examining,  with  one  of  his  best  telescopes,  the 
constellation  of  Gemini,  he  observed  a  star  near 
the  foot  of  Castor,  the  light  of  which  appeared  to 
differ  considerably  from  that  of  the  neigii boring 
stars,  or  those  which  he  found  described  in  cata- 
logues. On  applying  a  higher  magnifying  power 
it  appeared  evidently  to  increase  in  diameter;  and 
two  days  afterward  he  perceived  that  its  place  was 
changed,  and  that  it  had  moved  a  little  from  its 
former  potation.  From  these  circumstances  he 
concluded  that  it  was  a  comet,  and  sent  an  ac- 
count of  it  as  such  to  the  astronomer  royal.  As 
a  comet,  however,  it  seemed  particularly  singular 
that  no  tail  or  nebulous  appearance  could  be  per- 
ceived; on  the  contrary,  it  was  found  to  show 
with  a  faint  steady  light,  somewhat  paler  than  that 
of  Jupiter.  The  account  of  this  discovery  soon 
spread  throughout  Europe,  and  was  confinued  by 
observations  made  at  Paris,  Vienna,  Milan,  Pisa, 
Berlin,  and  Stockholm.  The  star  was  for  some 
time  generally  considered  as  an  extraoniinary  co- 
met, free  of  all  nebulosity,  and  astronomers  were 
occupied  in  determining  the  parabolic  elements 
of  its  course.  "  The  President  Bochard  de  tSaron, 
of  the  Academy  of  Sciences  of  Paris,  and  Lexel, 
au  astronomer  of  St. Petersburg,  who  was  in  Lou- 
don at  the  time,  were  the  first  who  discovered  its 
circular  form,  and  calculated  the  dimensions  of  its 
orbit.  It  was  no  longer  doubted  that  Hersciiel's 
star  was  a  new  planet;  and  all  subsequ'-iit  olssi-r- 
vations  verified  this  unexpecfed  result.''*  We 
have  here  a  striking  proof  of  the  perfection  of 
modern  theories;  for  the  laws  regulating  the  mo- 
tion of  this  new  planet  were  determined  before  it 
had  accomplished  the  twentieth  part  of  its  course, 
and  that  motion  was  not  less  accurately  known 
than  that  of  other  planets  which  had  been  ob- 
served during  so  many  centuries.  Since  its  disco- 
very to  the  present  time,  it  has  not  yet  moved 
much  more  than  two-thirds  of  a  revolniiou  round 
the  sun;  and  yet  its  motions  are  calculated,  and 
its  place  in  the  heavens  predicted,  with  as  much 
accuracy  and  certainty  as  those  of  the  other  pla- 
nets, a  circumstance  which  demonstrates  the  pre- 
cision of  modern  astronomers,  and  which  should 
lead  the  unskillful  in  astronomy  to  rely  on  the 
deductions  of  this  science,  however  far  they  may 
transcend  their  previous  conceptions. 

When  the  motion  of  this  new  planet  was  cal- 
culated, the  points  of  the  heavens  which  it  suc- 
cessively occupied  during  the  preceding  century 
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could  be  poiiitod  out;  and  it  occurred  to  some  as- 
tronomers tliat  it  niiglit  possibly  have  been  ob- 
served before,  though  not  known  to  be  a  planet. 
Mr.  Bode,  of  iJerlin,  who  had  Just  published  a 
work  containing  all  the  catalogues  of  zodiacal 
Btars  which  had  appeared,  was  induced  to  consult 
these  catalogues  in  order  to  discover  whether  any 
star  marked  by  one  astronomer,  and  omitted  by 
another,  might  not  be  the  new  planet  in  question. 
In  the  course  of  this  inquiry  lie  found  that  the 
star  No.  964  in  Mayer's  calalogiie  had  been  unob- 
served by  others,  and  observed  only  once  by 
Mayer  himself,  so  that  no  motion  could  have 
been  perceived  by  him.  On  this  Mr.  Bode  imme- 
diately directed  his  telescope  to  that  part  of  the 
heavens  where  he  might  expect  to  find  it,  but 
witliout  success.  At  the  same  time  he  found,  by 
calculation,  that  its  a])parent  place  in  the  year 
175(J  ought  to  have  been  that  of  Mayer's  star,  and 
this  was  one  of  the  years  in  which  he  was  busied 
in  his  observatioiis;  and,  on  further  inquiry,  it 
was  found  that  the  star  9G4  had  been  discovered 
by  Mayer  on  the  loth  of  September,  1756;  so 
that  it  is  now  believed  that  ;his  star  was  the  new 
planet  of  Herschel.  It  ajjpears  likewise  that  this 
star  was  seen  several  times  by  Flamstead,  tlie  as- 
tronomer royal,  in  the  year  1(j90;  once  by  Brad- 
ley; and  eleven  times  by  Lemonnier;  all  of  whom 
considered  it  as  one  of  the  fixed  stars,  but  never 
suspected  that  it  was  a  planetary  body.  The  dis- 
covery of  tliis  planet  enlarges  our  views  of  the 
extent  of  the  solar  system,  and  of  the  quantity  of 
matter  it  contains,  far  more  than  if  planets  equal 
to  Mercury,  W-nus,  the  Earth,  the  Moon,  Mars, 
Vesta,  Juno,  Ceres,  and  Pallas,  were  to  be  adaed 
to  that  system;  for,  although  it  is  scarcely  distin- 
guishable by  the  naked  eye  on  the  vault  of  hea- 
ven, it  is  more  than  twenty  times  larger  than  all 
these  bodi 's  taken  together. 

After  this  body  was  ascertained  to  belong  to  the 
planetary  system,  it  became  a  subject  of  conside- 
ration by  what  name  it  should  be  distinguished. — 
The  old  planets  were  distinguished  by  names  bor- 
rowed from  the  heathen  deities,  a  nomenclature 
which,  perhaps,  it  might  now  be  expedient  to 
change;  but  Galileo  and  Cassini  gave  to  the  celes- 
tial bodies  they  discovered  the  names  of  the 
princes  who  had  patronized  their  labors.  Hence 
Galileo,  when  he  had  discovered  the  satellites  of 
Jupiter,  sent  his  drawings  of  them  to  his  patron, 
Cosmo  Medici,  Grand  Duke  of  Tuscany,  in  honor 
of  whom  he  called  them  Mediccaii  stars;  and 
Cassini  named  the  satellites  of  Saturn  which  he 
discovered  after  Louis  XIV.  In  imitation  of  these 
discoveries.  Sir  W.  Herschel  named  his  newly- 
discovered  planet  Georgimn  Sidus,  in  honor  of  iiis 
patron  George  the  Third.  But  foreign  astrono- 
mers, for  a  considerable  time,  gave  it  the  name  of 
Herscliel,  in  honor  of  the  aiscoverer;  but  after- 
ward hesitated  between  the  names  Cybele,  Nep- 
tune, und  Uranns.  This  last  name,  derived  fiom 
one  of  the  Nine  Muses  who  presided  over  astro- 
nomy, ultimately  prevailed,  azid  will  probably  dis- 
tinguish this  planet  in  future  generations,  unless 
the  present  nomenclature  of  the  planets  be  abo- 
lished. 

Distance  and  Period  of  Uranus. — Uranus  is  the 
most  distant  planet  of  the  solar  system,  so  far  as 
our  knowledge  yet  extends;  although  it  is  by  no 
means  improbable  that  planets  may  exist  even  be- 
yond its  orbit,  distant  as  it  is;  for  comets  pass 
far  beyond  the  limits  of  this  planet,  and  again 
return  to  the  vicinity  of  the  sun.  Its  distance 
from  the  sun,  in  round  numbers,  is  1,800,000,000; 
that  is,  eighteen  hundred  millions  of  nnles,  vi'hich 
is   double   the  distance   of  the  planet  Saturn. — 


When  nearest  the  earth,  it  is  distant  fiom  us 
about  1,705,000,000  of  miles.  In  order  to  ac- 
quire a  rude  conception  of  this  distance,  let  us 
suppose  a  steam-carriage  to  set  out  from  tho 
earth,  and  to  move,  without  intermission,  twea. 
ty  miles  every  hour,  it  would  require  rnoro 
than  nine  thousand,  seven  hundred  and  thirtj 
years  before  it  could  reach  the  planet  Uranus, 
so  that,  although  the  journey  had  been  com- 
menced at  the  creation  of  our  globe,  it  would  still 
require  more  than  three  thousand  seven  hundred 
years  to  arrive  at  iU>  termination.  Even  a  cai'- 
non  ball,  flying  at  the  rate  of  twelve  thousana 
miles  every  day,  would  require  three  hundred  and 
eighty-nine  years  to  reach  the  nearest  point  of  the 
orbit  of  this  planet.  Yet  the  comet  which  ap- 
peared in  18.35,  in  all  probability,  pursues  its 
course  far  beyond  the  orbit  of  Uranus,  and  will, 
doubtless,  visit  this  part  of  our  system  again,  as  it 
has  done  before,  witliin  the  space  of  seventy-six 
years,  although  it  must  move  more  than  double 
the  above  distance  before  it  returns.  The  circum- 
ference of  the  orbit  in  which  Uranus  revolves 
about  the  sun  is  11,314,000,000  of  miles,  through 
which  it  moves  in  o0,G66  mean  solar  days,  or 
about  eighty-four  years.  It  is  the  slowest  mov- 
ing planet  in  the  system,  and  yet  it  pursues  its 
course  at  the  rate  of  15,000  miles  every  hour. — 
Were  a  steam-carriage  to  move  around  the  im- 
mense orbit  of  this  planet  at  the  rate  above  stated, 
it  would  require  no  less  than  sixty-four  thousand, 
five  hundred  and  seventy  years  before  this  ample 
circuit  could  be  completed;  and  yet  a  globe  eighty 
times  larger  than  the  earth  finishes  this  vast  tour 
in  eighty-four' years!  This  planet  doubtless  re- 
volves round  its  axis  as  the  otlier  planets  do,  but 
the  period  of  its  rotation  is  as  yet  unknown.  Its 
great  distance  from  the  earth  prevents  us  from 
observing  any  spots  or  changes  on  its  surface  by 
which  its  rotation  might  be  determined.  La 
Place  concludes,  from  physical  considerations, 
that  it  revolves  about  an  axis  very  little  inclined 
to  the  ecliptic;  and  that  the  time  of  its  diurnal 
rotation  cannot  be  much  less  than  that  of  Jupi- 
ter or  Saturn. 

Magnitude  and  Dimensions  of  Uranus. — This 
planet  is  about  35,000  miles  in  diameter,  and 
110,000  miles  in  circumference,  being  about 
eighty-one  times  larger  than  the  earth,  and  four 
thousand  times  larger  than  the  moon.  Its  sur- 
face contains  3,848,400,000  of  square  miles,  which 
is  19  times  the  area  of  onr  globe,  and  78  times  the 
area  of  all  the  habitable  portions  of  the  earth.  At 
the  rate  of  population  formerly  stated,  280  to  a 
square  mile,  it  cnuld,  therel'ore,  acconnnodate 
l,O77,568,S(.0,000,  or  more  than  one  billion  of 
inhabitants,  which  is  one  thousand  three  hundred 
and  forty-seven  times  the  population  of  ourglolje. 
So  that  this  planet,  which  escaped  the  notice  of 
astronomers  for  more  than  five  thousand  years, 
forms  a  very  considerable  portion  of  the  solar 
system  and  of  the  scene  of  the  Divine  government 
Proportion  of  Ligld  on  Uranus. — As  this  planet 
is  nineteen  times  farther  from  the  sun  than  the 
earth  is,  and  as  the  square  of  19  is  361,  the  inten- 
sity of  light  on  its  surface  will  be  three  hundred 
and  sixty  times  less  than  what  we  enjoy.  Yet 
this  quantity  of  light  is  equal  to  what  we  should 
have  from  the  combined  efl^ulgence  of  three  hun- 
dred and  forty-eight  full  moons;  and,  with  a  slight 
modification  of  our  visual  organs,  such  a  propor- 
tion of  light  vi'ould  be  quite  sufficient  for  all  tho 
purposes  of  vision.  Though  the  light  of  the  sun 
flies  eighteen  hundred  millions  of  miles  before  it 
reaches  this  planet,  and  returns  again  by  reflec- 
tion nearly  the  same  distance  before  it  reaches  tho 
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earth,  yet  it  id  distinctly  visible  through  our  telc- 
BCopes,  and  sometimes  even  to  the  naked  eye; 
and  Uranus,  witli  a  moderate  magnifying  power, 
appears  about  as  bright  as  Saturn.  How  small  a 
•luantity  of  solar  liglit  may  suffice  for  the  pur- 
pose of  vision  will  be  obvious  by  attending  to  the 
following  circumstance:  In  the  late  solar  eclipse 
which  happened  on  the  15tli  of  May,  1836,  little 
more  than  the  one-twelfth  part  of  the  sun  was  visi- 
ble at  those  places  where  the  eclipse  was  annular. 
Almost  every  person  imagined  that  a  dismal  gloom 
and  darkness  would  ensue,  yet  the  diminution  of 
light  appeared  no  greater  than  what  frequently 
happens  in  a  cloudy  day.  At  the  time  of  the 
greatest-  obscuration  there  was  more  than  half 
the  light  which  falls  upon  Uranus,  and  all  the  ob- 
jects of  the  surrounding  landscape,  though  some- 
what deficient  in  brilliancy,  were  distinctly  per- 
ceived. There  can  be  no  doubt  that  the  organs 
of  vision  of  the  inhabitants  of  the  different  pla- 
nets, being  formed  by  Divine  wisdom,  are  exactly 
adapted  to  the  objects  amid  which  they  are  placed, 
and  the  quantity  of  light  reflected  from  them; 
and  there  may  be  innumerable  modes,  unknown 
to  us,  by  which  this  end  may  be  effected.  We 
can  easily  conceive,  that  if  the  pupils  of  our  eyes 
were  rendered  capable  of  a  greater  degree  of  ex- 
pansion than  they  now  possess,  or  were  the  retina, 
on  which  the  images  of  objects  are  depicted,  en- 
dowed with  a  greater  degree  of  nervous  sensibili- 
ty, so  as  to  be  more  easily  affected  by  the  impulses 
of  light,  we  might  perceive  as  much  splendor-  on 
all  the  objects  connected  with  Uranus,  were  we 
placed  on  tiiat  planet,  as  we  now  do  on  the 
scenery  around  us  during  the  brightest  days  of 
summer.  When  we  pass  from  the  light  of  the 
sun  into  a  darksome  apartment,  on  our  first  en- 
trance we  can  scarcely  distiiiguish  any  objects  with 
distinctness;  but  after  remaining  five  or  six  mi- 
nutes, until  the  pupil  has  time  to  expand,  ev^ry 
object  around  us  is  readily  perceived;  and,  from 
the  same  cause,  nocturnal  animals  can  pursue 
their  course  vi'ith  ease  and  certainty  amid  the 
deepest  shades  of  night;  so  that  the  inhabitants 
of  the  most  distant  planet  of  our  system,  although 
it  were  removed  from  the  sun  to  dcuble  the  dis- 
tance of  Uranus,  might  perceive  objects  with  all 
the  distinctness  requisite  for  the  purposes  of 
vision;  and  if  the  pupils  of  the  eyes  of  such  be- 
ings be  much  more  expansive  tiian  ours  (as  is  pro- 
bably the  case),  it  is  highly  probable  they  will 
be  enabled  to  penetrate  much  farther  into  the 
celestial  regions,  and  to  perceive  the  objects  in  the 
firmament  with  much  greater  distinctness  and 
"  space-penetrating  power"  than  we  can  do,  even 
with  the  aid  of  instruments.  It  is  likewise  probable 
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that  the  objects  on  the  surface  of  the  more  dis- 
tant planets  of  our  system  are  fitted  to  reflect  the 
rays  of  light  with  peculiar  brilliancy.     Hence  we 


find  that  the  light  of  Uranus,  though  descending 
upon  us  from  a  region  900  millions  of  miles  far- 
ther than  Saturn,  appears  as  vivid  as  the  light 
which  is  reflected  to  us  fiom  that  planet.  I'he 
apparent  diameter  of  the  sun,  as  seen  from  Ura- 
nus, is  only  1  minute,  38  seconds;  whereas  hia 
mean  apparent  diameter  as  s;en  from  the  earth  is 
32  minutes,  .3  seconds;  consequently  this  orb,  as 
viewed  from  this  planet,  will  appear  very  little 
larger  than  Venus  appears  to  us  in  her  greates. 
brilliancy,  or  Jupiter  when  near  his  opposition 
The  foregoing  figure  represents  to  the  eye  the  ap- 
parent size  of  the  sun  as  seen  from  Uranus  and 
from  the  earth,  the  small  circle  representing  his 
size  as  seen  from  Uranus. 

Temperature  of  Uranus. — If  heat  followed  the 
same  law  as  the  propagation  of  light,  and  de- 
creased as  the  square  of  the  distance  of  the  planet 
from  the  sun  increased,  then  the  surface  of  the 
planet  Uranus  would  be  a  cold  region  indeed,  in 
which  no  life  or  animation,  such  as  we  see  around 
us,  could  exist.  Baron  Fourier,  in  his  "  Memoir 
of  Herschel,"  says,  "  Its  temperature  is  more  than 
forty  degrees  below  that  of  ice;"  and  if  the  de- 
grees of  Reaumur's  thermometer  be  meant,  this 
temperature  will  correspond  to  one  hundred  and 
twenty-two  degrees  below  the  freezing  point  of 
Fahrenheit;  a  cold  enough  region,  truly.  In  ac- 
cordance with  such  representations,  the  poets  of 
the  last  century  expatiated  on  the  cold  tempera- 
ture of  Saturn  in  such  strains  as  the  following: 

"  Wlien  the  keen  north  with  all  its  fury  blows. 
Congeals  the  floods,  and  forms  the  fleecy  snows, 
'T  is  heat  intense  to  what  can  there  be  known; 
Warmer  our  poles  than  is  its  burning  zone. 
Who  there  inliabit  must  have  other  powers, 
.Tuices,  and  veins,  and  sense,  and  life,  than  ours. 
One  moment's  cold,  like  theirs,  would  jiierce  the  bone, 
Freeze  the  heart's  blood,  and  turn  us  all  to  stone." 
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This,  it  must  be  admitted  is  a  very  cold  poetic 
strain,  almost  sufficient  to  make  one  shiver,  and  to 
freeze  our  very  thoughts;  and  if  such  a  descrip- 
tion were  applicable  to  Saturn,  it  is  much  more 
so  to  the' planet  Uranus,  at  double  the  distance. — 
But  I  presume  it  is  more  in  accordance  with  po- 
etic license  than  with  the  deductions  of  sound 
philosophy.  We  have  no  valid  reason  to  con- 
clude that  the  degree  of  heat  on  the  surfaces  of 
the  different  planets  is  inversely  proportional  to 
the  squares  of  their  respective  distances  from  the 
sun.  The  sun  is  to  be  considered  chiefly  as  the 
great  storehouse  of  light,  and  it  may  likewise  be 
viewed  as  the  great  agent  in  the  production  of 
heat,  without  supposing  it  to  be  an  enormous 
mass  of  fire,  which  the  common  opinion  seems  to 
takfe  for  granted.  Its  rays  produce  heat  chiefly 
by  exciting  an  insensible  action  between  caloric 
and  the  particles  of  matter  contained  in  bodies; 
and  caloric  appears  to  be  a  substance  universally 
diffused  throughout  nature.  If  the  degree  of  heat 
were  in  proportion  to  the  distance  from  the  sun, 
why  should  the  upper  regions  of  the  atmosphere 
be  so  intensely  cold?  Why  should  the  tops  of 
lofty  mountains  be  crowned  with  perpetual  snows, 
while  the  plains  below  are  scorched  with  heat? — 
Why  should  an  intense  cold  be  felt  in  the  latitude 
40°,  when  a  comparative  mildness  is  experienced 
in  the  latitude  of  56°?  In  the  state  of  Connec- 
ticut, North  America,  in  January,  1835,  the  ther- 
mometer ranged  from  minus  25°  to  27°  of  Fah- 
renheit; while  in  Scotland,  during  the  same  pe- 
riod, it  was  seldom  so  low  as  the  freezing  point.— 
But  as  I  have  already  thrown  out  some  remarks 
on  this  subject  when  describing  the  planet  Mer- 
cury, I  need  not  enlarge  (see  page  28).  In  order 
to  form  correct  ideas  of  the  distribution  of  \w.»i 
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among  the  planetary  bodies,  we  have  only  to  sup- 
pose that  the  Creator  has  proportioned  the  quantity 
of  caloric  (or  that  wliich  produces  sensible  heat)  to 
the  distance  at  which  every  planet  is  placed  Irom 
the  sun,  so  that  a  large  quantity  exists  in  Saturn 
and  a  smaller  quantity  in  Mercury.  If,  therefore, 
the  quantity  of  caloic  connected  with  Uranus  bo 
in  proportion  to  its  distance  from  the  sun,  there 
may  be  as  much  warnitli  experienced  in  that  dis- 
tant region  of  the  solar  system  as  in  tlie  mildest 
parts  of  our  temperate  zones.  So  that  we  are 
under  no  necessity  of  associating  the  frigid  and 
gloomy  ideas  of  the  poet  with  our  contemplations 
of  this  expansive  globe.  At  all  events,  we  may 
rest  assured  that  the  Creator,  whose  wisdom  is 
infinite  in  its  resources,  and  whose  "  tender  mer- 
cies are  over  ail  his  works,"  has  adapted  the 
structure  and  constitution  of  the  inhabitants  of 
every  planet  to  the  nature  and  circumstances  of 
the  habitation  provided  for  them,  so  as  to  render 
every  portion  of  his  dominions  a  comfortable 
abode  for  his  intelligent  ofiispring;  provided  they 
do  not  frustrate  his  benevolent  designs  (as  has 
been  done  in  our  world)  by  their  rebellion  and 
immoral  conduct.  For  in  no  region  of  the  uni- 
verse, whatever  may  be  its  physical  arrangements, 
can  true  happiness  be  enjoyed,  unless  love  to  God 
and  love  to  all  surrounding  intelligences  form  the 
grand  principles  of  action,  and  be  uniformly  dis- 
played in  every  intercourse  and  association,  and 
amid  all  the  ramifications  of  moral  conduct.  On 
this  basis  chiefly  rests  the  happiness  of  the  intel- 
ligent universe;  and,  wherever  principles  directly 
opposite  to  these  prevail  among  any  order  of  in- 
tellectual beings,  whatever  may  be  the  structure 
or  scenery  of  their  habitation,  misery  and  moral 
disorder  must  be  the  inevitable  consequence. 

The  following  additional  particulars  may  be 
stated  in  relation  to  this  planet:  Its  density  is 
reckoned  to  be  nearly  equal  to  that  of  water.  A 
body  weighing  one  pound  on  the  earth's  surface 
would  weigh  only  fourteen  ounces,  fourteen 
drachms,  if  removed  to  Uranus.  The  eccen- 
tricity of  its  orbit  is  85,000,000  of  miles,  which  is 
about  the  l-42d  part  of  its  diameter.  Its  mean 
apparent  diameter,  as  seen  from  the  earth,  is  about 
four  seconds.  The  inclination  of  its  orbit  to  the 
ecliptic  is  forty-six  minutes,  twenty-six  seconds, 
so  that  it  is  never  much  more  than  three-fourths 
of  a  degree  from  the  ecliptic.  This  inclination  is 
less  than  that  of  any  of  the  other  planetary  orbits. 
Six  satellites  are  supposed  to  be  connected  with 
Uranus,  but  their  periods  and  other  phenomena 
have  not  yet  been  accurately  ascertained. 


In  the  preceding  pages  I  have  given  a  brief 
sketch  of  the  principal  plienomena  connected 
with  the  primary  planets  of  our  system.  Whether 
any  other  planets  beside  those  specified  belong  to 
this  system  is  at  present  unknown.  We  have  no 
reason  to  believe  that  the  boundaries  of  the  plane- 
tary system  are  circumscribed  within  the  range 
of  our  discoveries  or  the  limits  of  our  vision. 
Within  the  space  of  little  more  than  half  a  cen- 
tury, the  limits  of  this  system  have  been  ex- 
panded to  our  view  to  double  the  extent  which 
they  were  formerly  supposed  to  comprehend. 
Instead  of  an  area  of  only  25,400,000,000  of 
square  miles,  it  is  now  found  to  comprise  an 
extent  of  101,700,000,000  of  square  miles,  which 
is  four  times  the  dimensions  formerly  assigned  to 
it.  There  would  be  no  improbability  in  conceiv- 
ing it  extended  to  at  least  triple  tliese  dimensions. 
Within  tho  space  of  twenty-six  years,  from  I7bl  | 


to  1807,  no  fewer  than  five  primary  planets  and 
eight  secondaries  were  discovered,  beside  a  far 
greater  number  of  comets  than  had  ever  before 
been  detected  within  a  similar  lapse  of  years;  and 
tiierefore  it  would  be  obviously  rash  and  prema- 
ture to  conclude  that  we  have  now  discovered  all 
the  moving  bodies  of  our  system.  Far  beyond 
tlie  limits  of  even  Uranus  other  planets  yet 
unknown  may  be  performing  their  more  ample 
circuits  around  the  sun;  for  wo  know,  from  the 
case  of  comets,  that  even  throughout  those  distant 
regions  his  attractive  power  and  influence  extend. 
In  the  immense  interval  of  900,000,000  of  niilo!} 
between  tho  orbits  of  Saturn  and  Uranus,  one.  if 
not  two  planets  may  possibly  exist,  though  Ihry 
have  hitherto  eluded  the  observation  of  astrono- 
mers. In  order  to  detect  such  bodies,  if  any  exist, 
it  would  be  requisite  to  survey,  more  minutely 
than  has  yet  been  done,  a  zone  of  the  heavens 
extending  at  least  twenty  degrees  on  each  side  of 
the  ecliptic,  marking  exactly  the  minutest  objects 
in  every  part  of  it  which  the  most  powerful  tele- 
scopes can  enable  us  to  descry.  After  which  a 
second  survey  should  be  made  to  ascertain  if  any 
of  the  bodies  formerly  observed  be  found  missing 
or  have  shifted  their  position.  It  might  likewise 
be  expedient  to  compare  with  new  oLiservations 
the  stars  marked  in  all  the  celestial  atlases  that 
have  hitherto  been  published,  and  to  note  particu- 
larly those  wrhich  are  wanting  where  they  were 
formerly  marked,  and  those  that  have  appeared  iu 
certain  places  where  they  were  formerly  unob- 
served. If  a  taste  for  celestial  investigations  were 
more  common  among  mankind,  and  were  the 
number  of  observers  indefinitely  increased,  there 
would  be  no  great  difliculty  in  accomplishing  such 
an  object;  for  certain  small  portions  of  the  hea- 
vens might  be  allotted  to  differeut  classes  of  ob- 
servers, who  might  proceed  simultaneously  in 
their  researches,  and -in  a  comparatively  short 
period  the  whole  survey  might  be  completed. 

It  is  not  improbable  that  a  planet  may  exist 
within  the  space  of  37  m.illions  of  miles  which 
intervenes  between  the  orbit  of  Mercury  and  the 
sun.  But  such  a  body  could  never  be  detected  in 
the  evening  after  sunset,  as  its  greatest  elongation 
from  the  sun  could  not  be  supposed  to  be  more 
than  ten  or  twelve  degrees,  and,  consequentl-y,  it 
would  descend  below  the  horizon  in  about  half  an 
hour  after  sunset,  and  before  twilight  had  disap- 
peared. The  only  chance  of  detecting  such  a 
planet  would  be  when  it  happened  to  transit  the 
sun's  disc;  but  as  this  would  happen  only  at  dis- 
tant intervals,  and  as  it  might  make  the  transit  in 
cloudy  weather,  or  when  tlie  sun  is  absent  from 
our  hemisphere,  there  is  little  prospect  of  our 
discovering  such  a  body  in  this  way.  It  might 
be  of  some  importance,  however,  that  those  who 
make  frequent  observations  on  the  sun  should 
direct  their  attention  to  this  circumstance;  ;is 
there  have  been  some  instances  in  which  dark 
bodies  liave  been  observed  to  move  across  the 
sun's  disc  in  the  space  of  five  or  six  hours,  when 
no  other  spots  were  visible.  An  opaque  body  of 
this  description  v/as  seen  by  Mr.  Lloft  and  others 
on  the  6th  of  January,  1818,  which  moved  with 
greater  rapidity  across  the  solar  disc  than  Venus 
in  her  transit  in  1769.  It  is  possible  that  a  planet 
within  the  orbit  of  Mercury  might  be  detected  in 
the  day-time,  were  powerful  telescopes  applied  to  a. 
space  of  the  heavens  about  ten  or  twelve  degrees 
around  the  sun.  Small  stars  have  been  seen  even 
at  noonday  with  powerful  instruments,  and,  con- 
sequently, a  planet  even  smaller  than  Mercury 
might  be  perceived  in  the  day-time.  In  this  case, 
a  round  opaque  body  would  require  to  be  placed 
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at  a  considerable  distance  from  the  obser\'er,  so  as 
completely  to  intercept  llie  body  of  the  sun,  aud 
about  a  degree  of  the  heavens  all  around  him; 
and  every  portion  of  the  surrounding  space,  ex- 
tending to  at  least  twelve  degrees  in  every  direc- 
tion, should  then  be  carefully  and  frequently 
examined.  Such  observations,  if  persevered  in, 
would  undoubtedly  afford  a  chance  of  delecting 
any  revolving  body  that  might  exist  within  sucli 
a  limit,  lint  I  may  afterward  have  an  opportunity 
of  describing  more  particularly  the  ohs'-rvations, 
and  the  mode  of  conducting  them,  to  which  I 
allude. 

X .     THE     SUM. 

Having  taken  a  cursory  survey  of  the  most 
prominent  particulars  connected  with  the  primary 
planets,  I  siiall  now  proceed  to  ix  brief  description 
of  the  sun,  that  magniticent  luminary  on  which 
they  all  depend,  from  which  they  derive  light, 
and  heat,  and  vivifying  influence,  and  by  whose 
attractive  energy  they  are  directed  in  their  mo- 
tions and  retained  in  their  orbits.  Before  pro- 
ceeding to  a  description  of  the  particular  pbeuo- 
niena  con:  ected  with  the  sun,  it  may  be  expedient 
briefly  to  describe  some  of  his  apparent  motions. 

Apparent  Motions  of  the  Sun. — The  most  ob- 
vious apparent  motion  of  the  sun,  wliich^is 
known  to  every  one,  is,  that  he  appears  to  rise  in 
the  morning  in  an  easterly  direction, to  traverse  a 
certain  portion  of  the  sky,  and  then  to  disappear 
in  the  evening  in  a  direction  toward  the  west. 
Were  we  to  commence  our  observations  on  the 
21st  of  December,  in  the  latitude  of  52<^  north, 
which  nearly  corresponds  to  that  of  London,  we 
should  see  the  sun  rising  near  the  south-east  point 
of  the  horizon,  as  at  S  E,  Fig.  67,  describing  a 
comparatively  small  curve  above  the  horizon, 
from  iS  B  lo'S  W,  in  the  southern  quarter  of  the 
heavens,  and  setting  at  iS'  W,  near  tlie  south-west. 
At  this  season  the  sun  remains  only  between 
seven  and  eight  hours  above  the  horizon;  and 
when  he  arrives  at  S,  at  midday,  which  is  the 
highest  point  of  his  elevation,  he  is  only  about 
fourteen  degrees  above   the  horizon,  which  may 

Fig.  67. 
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be  represented  by  the  line  S  B.  After  disappear- 
ing in  our  horizon  in  the  evening,  he  describes 
the  large  curve  from  S  IF  to  W,  N,  and  E,  until 
he  again  arrives  in  the  morning  near  the  point  S 
E.  All  this  curve  is  described  below  our  hoiizon, 
find,  therefore,  the  nights  at  this  season  are  much 
longer  than  the  days.  After  this  period  the  sun 
rises  every  day  at  points  a  little  farther  to  the 
north,  between  «S  E  and  E,  and  sets  in  corres- 
ponding points  in  the  west,  between  S  W  and  W, 
until  the  21st  of  March,  when  iie  rises  at  the 
point  E,  due  east,  and  sets  due  west  at  the  point 


W-  At  this  time  he  moves  through  the  semicircle 
E,  S,  W,  and  at  noon  he  rises  to  tiie  elevation  of 
tliirty-eight  degrees  above  the  southern  horizon, 
which  may  be  represented  by  the  line  S  C  'i'liia 
is  the  period  of  tlie  vernal  equinox,  when  there  is 
equal  day  and  night  throughout  every  part  of  the 
earth,  the  sun  being  twelve  hours  above  aud 
twelve  hours  below  the  horizon.  After  this 
period  the  sun  rises  to  the  north  of  the  easterly 
.])0iiit,  and  s?ts  to  the  north  of  the  westerly,  and 
the  length  of  the  day  rapidly  advances  until  tho 
2ist  of  June,  when  he  rises  near  the  north-east 
point,  N  E,  and  sets  near  the  north-west  point, 
A'^  TV,  describiiig  the  large  cnrvi^  from  N  E  io  E 
S  W,  and  N  W.  This  period  of  the  yur  ia 
Called  the  summer  solstice,  when  the  days  ura 
longest,  at  which  time  the  sun  rises.at  noon  to  an 
elevation  of  61  j^^  degrees  above  the  horizon,  wiiich 
may  be  represented  by  the  line  S  D,  and  he  con- 
tinues above  the  liorizon  for  nearly  seventeen 
hours.  The  length  of  the  nights  at  this  time  is 
exactly  the  same  as  the  length  of  the  days  on  the 
21st  of  December.  The  sun's  nocturnal  arch,  or 
the  curve  he  describes  below  the  horizon,  is  tiiat 
which  is  represented  in  the  lower  part  of  the  tigure 
from  iV  IF  to  N  E.  In  more  southern  latitudes 
than  fifty-two  degrees,  the  sun  rises  to  a  higher 
elevation  at  noon;  and  in  higher  latitudes  his 
meridian  altitude  is  less  than  what  is  stated  above. 
From  the  time  of  the  summer  solstice  the  days 
gradually  shorten;  the  sun  rises  in  a  more  south- 
erly direction  until  the  23d  of  September,  which 
is  called  tlie  autumnal  equinox,  when  he  again 
rises  in  the  eastern  point  of  the  con^fKiss,  and 
every  succeeding  day  at  a  point  still  fartiier  to  tha 
south,  until,  on  the  21st  of  December,  or  the 
winter  solstice,  he  is  again  seen  to  rise  near  the 
south-east,  and  afterward  to  pass  througii  all  th« 
apparent  variations  of  motion  above  described. 

Were  we  residing  in  souiheru  latitudes,  such  aa 
those  of  Buenos  Ayres,  the  Cape  of  Good  Hope,  or 
Van  Dieman's  Land,  the  apparent  motions  of  the 
sun  would  be  somewhat  difterent.  Instead  of  be- 
holding the  sun  moving  along  the  southern  part  of 
the  sky  from  the  left  hand  to  the  right,  we  should 
see  him  direct  his  course  along  the  northern  j)urt 
of  the  heavens  from  the  right  hand  to  the  left. 
In  other  respects  his  apparent  motions  would 
nearly  correspond  to  those  above  described.  Were  ' 
we  placed  in  countries  under  the  equator  at  the 
time  of  the  equinoxes,  the  sun  at  midday  v>'ould 
sidne  directly  from  the  zenith,  at  which  time 
objects  would  have  no  shadows.  At  all  other 
times  the  sun  is  either  in  the  northern  or  the 
southern  quarter  of  the  heavens.  During  the 
onv-half  of  the  year  he  shines  from  the  north, 
and  the  shadows  of  objecrs  fall  to  the  south; 
during  the  other  half  he  shines  from  the  south, 
and  the  shadows  of  all  objects  are  projected  toward 
the  north.  This  is  a  circumstance  which  can 
never  occur  in  our  climate  or  in  any  part  o'  tha 
teinperate  zones.  At  the  equator,  too,  the  days 
and  nights  are  of  the  same  length,  twelve  hou^-s 
each,  throughout  the  whole  year.  Were  we 
placed  at  the  poles,  the  motion  of  the  sun  would 
present  a  different  aspect  from  any  of  those  we 
liave  described.  At  the  north  polt?,  on  the  21st 
of  March,  we  should  see  a  portion  of  the  sun's 
disc  appear  in  the  horizon  after  a  long  niglit  of 
six  months.  This  portion  of  the  sun  would 
appear  to  move  quite  round  the  horizon  every 
twenty-four  hours;  it  would  gradually  rise  higher 
and  higher  until  the  whole  body  of  the  sun  made 
its  appearance.  As  the  season  advanced,  the  sun 
would  appear  to  riso  higher  and  higher  until  he 
attained  the  altitude  of   23io  degrees  above  the 
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horizon,  which  would  take  place  on  the  21st  of 
June;  after  which  his  altitude  would  gradually 
decline  until  the  23d  of  September,  when  he 
would  again  appear  in  the  horizon.  During  the 
whole  of  this  period  of  six  months  there  is  per- 
petual day,  the  stars  are  never  seen,  and  the  sun 
uppears  to  go  quite  round  the  heavens  every 
twenty-four  hours  without  setting,  in  circles 
nearly  parallel  to  the  horizon.  After  the  2.'}d  of 
September  the  sun  disappears,  and  a  night  of  six 
niojiths  succeeds,  v/hich  is  occasionally  enlivened 
by  the  moon,  the  stars,  and  the  coruscations  of 
the  aurora  borealis,  during  which  period  the  south 
pole  enjoys  all  the  splendor  of  an  uninterrupted 
day.  In  all  places  within  the  polar  circles,  the 
length  of  the  longest  day  varies  from  twenty- 
four  hours  to  six  months.  In  the  northern  parts 
of  Lapl;jnd,  for  example,  the  longest  day  is  about 
Bix  weeks;  during  tliis  time  the  sun  appears  to 
move  round  the  heavens  without  setting;  but  at 
noon,  when  he  comes  to  the  meridian,  he  is  about 
40  degrees  above  the  southern  horizon,  and  twelve 
hours  afterward  he  appears  elevated  about  six 
degrees  above  the  northern  horizon,  from  which 
point  he  again  ascends  until  he  arrives  at  the 
southern  meridian. 

Such  are  the  apparent  diurnal  motions  and 
general  aspects  of  the  sun  in  diiferent  parts  of 
llieearth,  which  are  owing  partly  to  the  inclination 
of  the  axis  of  the  earth  to  the  plane  of  the  eclip- 
tic, and  partly  to  the  different  positions  in  which 
a  spectator  is  placed  in  different  zones  of  the 
globe.  It  is  almost  needless  to  remark,  that  these 
motions  of  the  sun  are  not  real,  but  only  apparent. 
While  presenting  all  these  varieties  of  motion,  he 
is  slill  a  quiescent  body  in  the  center  of  the  pla- 
netary system.  By  the  rotation  of  the  earth  round 
its  axis,  from  west  to  east,  every  twenty-four 
hours,  all  these  apparent  motions  of  the  sun  are 
produced.  This  we  have  already  endeavored  to 
prove  in  chap,  i,  pp.  16-17. 

Beside  the  apparent  diurnal  motion  now  de- 
scribed, there  is  another  apparent  motion  of  tlie 
sun  in  a  contrary  direction,  which  is  not  so  much 
observed,  and  that  is,  his  apparent  motion  from 
west  to  east  through  the  whole  circle  of  the  hea- 
vens, which  he  accomplishes  in  the  course  of  a 
)'ear.  This  motion  manifests  itself  by  the  appear- 
ance of  the  heavens  during  the  night.  The  stars 
which  lie  near  the  path  of  the  suji,  and  which  set 
a  little  time  after  him  are  soon  lost  iu  his  light, 
and  after  a  short  time  reappear  in  the  east  a  little 
before  his  rising.  This  proves  that  the  sun 
advances  toward  them  in  a  direction  contrary  to 
liis  diurnal  motion;  and  hence  we  behold  a  dif- 
ferent set  of  stars  in  our  nocturnal  sky  in  summer 
and  in  winter.  This  apparent  revolution  of  the 
sun  is  produced  bj'  the  annual  motion  of  the  earth 
round  the  sun,  of  which  I  have  already  given  an 
explanation  (chap,  i,  p.  17,)  along  with  certain 
demonstrative  proofs  that  the  sun  is  the  center  of 
the  planetary  system  (see  also  chap,  ii,  pp.  22-26). 

Distance  and  Magnitude  of  the  Sun. — To  find 
the  exact  distance  of  the  sun  from  the  earth  is  an 
object  which  has  much  interested  and  engaged 
astronomers  for  a  century  past.  The  angle  of 
parallax  being  so  small  as  about  eight  and  a  half 
seconds,  rendered  it  for  some  time  difficult  to 
arrive  at  an  accurate  determination  on  this  point, 
until  the  transits  of  Venus  in  1761  and  1769.  From 
the  calculations  founded  upon  the  observations 
made  on  these  transits,  it  has  been  deduced  that  the 
distance  of  the  sun  is  about  95,000,000  of  miles. 
This  distance  is  considered  by  La  Place  and  other 
astronomers  to  be  within  the  1 -87th  part  of  the  true 
distance,  so  that  it  cannot  be  much  below  94  mil- 


lions on  the  one  hand,  nor  much  above  96  millions 
on  the  other.  Small  as  this  interval  may  appear 
when  compared  with  the  vast  distances  of  some 
of  the  other  celestial  bodies,  it  is,  in  reality,  a 
most  amazing  distance  when  compared  with  the 
spaces  which  intervene  between  terrestrial  objects; 
a  distance  which  the  mind  cannot  appreciate 
without  a  laborious  effort.  It  is  thirty-one  thou- 
sand six  hundred  times  the  space  which  iMter\'enes 
between  Britain  and  America;  and  were  a  carriage 
to  move  along  this  space  at  the  rate  of  480  miles 
every  day,  it  would  require  542  years  before  the 
journey  could  be  accomplished. 

The  magnitude  of  this  vast  luminary  is  an 
object  which  overpowers  the  imagination.  Its 
diameter  is  880,000  miles;  its  circumference, 
2,764,600  miles;  its  surface  contains  2,432,800,- 
000,000  of  square  miles,  which  is  twelve  thousand 
three  hundred  and  fifty  times  the  area  of  the  ter- 
raqueous globe,  and  nearly  fifty  thousand  times 
the  extent  of  all  the  habitable^  parts  of  the  earth. 
Its  solid  contents  comprehend  356,818,739,200,- 
000,000,*  or  more  than  three  hundred  and  fifty- 
six  thousand  billions  of  cubical  miles.  Were  its 
center  placed  over  the  earth,  it  would  fill  the 
whole  orbit  of  the  moon,  and  reach  200,000  miles 
beyond  it  on  every  hand.  Were  a  person  to 
travel  along  the  surface  of  the  sun,  so  as  to  pass 
along  every  square  mile  on  its  surface,  at  the  rate 
of  thirty  miles  every  day,  it  would  require  more 
than  two  hundred  and  twenty  millions  of  years 
before  the  survey  of  this  vast  globe  could  be  coin- 
pleted.  It  would  contain  within  its  circumference 
more  than  thirteen  hundred  thousand  globes  as 
large  as  the  earth,  and  a  thousand  globes  of  tjie 
size  of  Juj>iter,  which  is  the  largest  planet  of  the 
system.  It  is  more  than  five  hundred  times 
larger  than  all  the  planets,  satellites,  and  comets 
belonging  to  our  system,  vast  and  extensive  as 
some  of  them  are.  Although  its  density  is  little 
more  than  that  of  water,  it  would  weigh  336()  pla- 
nets such  as  Saturn,  1067  planets  such  as  Jupiter, 
329,000  globes  such  as  the  earth,  and  more  than 
iico  millions  of  globes  such  as  Mercury,  although 
its  density  is  nearly  equal  to  that  of  lead.  Were 
we  to  conceive  of  its  surface  being  peopled  with 
inhabitants  at.  the  rate  form.erly  stated,  it  would 
contain  681,184,000,000,000,  or  more  than  six 
hundred  and  eighty  billions,  which  would  be 
equal  to  the  inhabitants  of  eiyht  hundred  and  fifty 
tJmusand  icorlds  such  as  ours. 

Of  a  globe  so  vast  in  its  dimensions,  the  hu- 
man mind,  with  all  its  efforts,  can  form. no  ade- 
quate conception.  If  it  is  impossible  for  the  mind 
to  take  in  the  whole  range  of  the  terraqueous 
globe,  and  to  form  a  comprehensive  itlea  of  its 
amplitude  and  its  innum"rable  objects,  how  can 
We  ever  form  a  conception,  approaching  to  the 
reality,  of  a  body  one  million  three  hundred  thou- 
sand times  greater?  We  may  express  its  dimen- 
sions in  figures  or  in  words,  but  in  the  present 
state  of  our  limited  powers  we  can  form  no  men- 
tal image  or  representation  of  an  object  so  stu- 
pendous and  sublime.  Chained  down  to  our  ter- 
restrial mansion,  we  are  deprived  of  a  sufficient 
range  of  prospect,  so  as  to  form  a  substratum  to 
our  thoughts,  when  we  attempt  to  form  concep- 
tions of  such  amazing  magnitudes.  The  imagina- 
tion is  overpowered  and  bewildered  in  its  boldest 
efforts,  and  drops  its  wings  before  it  has  realized 
the  jten   thousandth   part  of   the  idea   which    it 


*  In  some  eilitions  of  the  "  Christian  Philosopher,"  under 
the  article  JlMronomij,  this  numher  is  inaccurately  stated; 
and  the  number  which  tollows,  two  thousand  millions,  shoold 
be  tuo  hundred  tiiUions. 
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attempted  to  grasp.  It  is  not  iinproba.ble  that  the 
largest  ideas  we  liave  yet  acquired  or  can  rej)re- 
sent  to  our  minds  of  the  iminensitj'  of  the  uni- 
verse are  inferior  to  a  full  and  coniprekensioe  idea 
of  the  vast  globe  of  the  sun  in  all  its  connections 
and  diuiensions;  and,  tlierelore,  not  only  must  the 
powers  of  the  human  miud  be  invigorated  and 
expanded,  but  also  the  limits  of  our  iutellectaal 
and  corporeal  vision  must  be  indiefinitely  extended, 
before  we  can  grasp  tlie  objects  of  overpov/eiing 
grandeur  which  exist  witliiu  the  range  of  creation, 
and  take  an  enlightened  and  comprehensive  view 
of  the  great  Creator's  empire.'  And  as  such 
endowments  cannot  be  attained  in  the  present 
state,  this  very  circumstance  forms  a  presumptive 
argument  tliat  man  is  destined  to  an  immortal 
existence,  where  his  faculties  will  be  enlarged  and 
tlie  boundaries  of  his  vision  extended,  so  as  to 
enable  liiiici  to  take  a  large  and  comprehensive 
view  of  the  wonders  of  the  universe,  and  the 
range  of  the  Divine  government.  In  the  mean- 
time, however,  it  may  be  useful  to  allow  our 
thoughts  to  expatiate  on  such  objects,  and  to 
endeavor  to  form  as  comprehensive  an  idea  as 
possible  of  such  a  stupendous  luminary  as  the 
Bun,  in  order  to  assist  us  in  forming  conceptions 
of  objects  still  more  grand  and  magnilicent ;  for 
the  sun  which  enlightens  our  day  is  but  one  out 
of  countless  millions  of  similar  globes  dispersed 
throughout  creation,  some  of  which  may  far  excel 
it  in  magnitude  and  glory. 

Rotation  of  the  Sun. — This  luminary,  although 
it  is  placed  in  the  center  of  the  system,  in  the 
enjoyment  of  perpetual  day,  and  stands  in  no 
need  of  light  from  any  other  orb,  yet  is  found  to 
have  a  rotation  round  its  axis.  This  circumstance 
seems  to  indicate  that  motion  is  essential  to  all 
the  bodies  of  the  universe,  whether  revolving  in 
orbits  around  another  body,  or  acting  as  the  cen- 
ters of  light  and  attractive  influence.  And  from 
what  we  know  of  the  more  distant  bodies  in  the 
heavens,  we  have  reason  to  believe  that  there  is 
none  of  them  in  a  state  of  absolute  quiescence, 
but  that  they  are  all  in  incessant  motion,  either 
round  their  axes,  or  around  a  distant  center.  The 
rotation  of  the  sun  was  discovered  by  the  motion 
of  certain  dark  spots  across  its  disc.  These  spots 
appear  to  enter  the  disc  on  the  east  side,  to  move 
from  thence  with  a  velocity  continually  increasing 
until  they  arrive  at  the  middle  of  the  disc;  they  then 
move  slower  and  slower  until  they  go  off"  at  the 
sun's  western  limb;  after  which  they  disappear  for 
about  the  same  space  of  time  they  occupied  in 
crossing  the  disc,  and  then  enter  again  on  the 
eastern  limb  and  move  onward  in  the  same  track 
as  before,  unless  they  suflfer  a  change,  as  frequently 
happens,  after  they  disappear  from  the  western 
limb.  The  apparent  inequality  in  the  motion  of 
the  spots  is  purely  optical,  and  is  owing  to  the 
oblique  view  we  have  of  the  parts  of  a  globe 
which  are  near  the  margin  ;  but  the  motion  is 
such  as  demonstrates  that  the  spots  are  carried 
round  with  a  uniform  and  equable  motion. — 
From  the  motion  of  these  spots  we  learn,  1.  That 
the  sun  is  a  globe,  and  not  a  flat  surface;  2.  That 
if  has  a  rotation  round  its  own  axis;  and,  3.  That 
this  rotation  is  performed  in  the  same  direction  as 
the  rotatiOTi  of  the  planets  and  their  annual  revo- 
lutions, namely,  according  to  the  order  of  the  signs 
of  the  zodiac.  The  time  which  a  spot  takes  in 
moving  from  the  eastern  to  the  western  limb  is 
thirteen  days  and  nearly  sixteen  hours,  and,  con- 
sequently, the  whole  apparent  revolution  is  twen- 
ty-seven days  and  nearly  eight  hours.  But  this 
is  not  the  true  period  of  the  sun's  rotation;  for  as 
the  piarth  has,  during  this  time,   advanced  in  its 


orbit  from  east  to  west,  and  in  some  measure  fol- 
lowed the  motion  of  the  spot,  the  real  time  in 
which  the  spots  perform  their  revolutions  is  found, 
by  calculation,*  to  be.  twenty-tive  days,  ten  hours. 
Every  part  of  the  sun's  equator,  therefore,  moves 
at  the  rate  of  4532  miles  every  hour.  The  axis 
of  the  sun,  round  which  this  revolution  is  perform- 
ed, is  inclined  7  degrees  20  minutes  to  the  ecliptic. 
The  Solar  Spots,  and  the  FJnjsical  Connir action 
of  the  Sun. — Although  the  sun  is  the  fountain  of 
light,  and  is  incessantly  pouring  a  Hood  of  radi- 
ance over  surrounding  worlds,  yet  the  nature  of 
this  vast  luminary,  and  the  operations  which  are 
going  on  upon  its  surface  and  adjacent  regions, 
are  in  a  great  measure  involved  in  darkness.— 
Before  stating  any  opinions  on  this  subject,  it  may 
l»e  proper,  in  the  first  place,  to  give  a  brief  de- 
scription of  the  phenomena  which  have  been 
observed  on  the  surface  of  the  sun.  The  first  and 
most  striking  phenomenon  is  the  dark  spots  to 
which  we  have  alluded.  These  spots  are  of  all 
sizes,  from  one  twenty-fifth  part  of  the  sun's 
diameter  to  the  one  tive-hundreth  part  and  under. 
The  larger  spots  are  uniformly  dark  in  the  center, 
and  surrounded  with  a  kind  of  border  or  fainter 
shade,  called  a.  penumbra.  This  penumbra,  which 
sometimes  occupies  a  considerable  space  around 
the  dark  nucleus,  is  frequently  of  a  shape  nearly 
corresponding  to  that  of  the  black  spot.  Some- 
times two  or  more  dark  spots,  and  a  number  of 
small  ones  are  included  within  the  same  penum- 
bra, and  at  other  times  a  number  of  small  spots 
in  a  train,  forming  a  kind  of  tail,  accompany  the 
larger  ones.  The  number  of  the  spots  is  very 
various;  sometimes  there  are  only  two  or  three, 
sometimes  above  a  hundred,  and  sometimes  none 
at  all.  Scheiner,  who  was  among  the  first  that 
observed  these  spots,  remarks,  that  "from  the 
year  1611  to  1629  he  never  found  the  sun  quite 
clear  of  spots,  except  a  few  days  in  December, 
1624  ;  at  other  times  he  was  able  to  count  twenty, 
thirty,  and  even  fifty  spots  upon  the  sun  at  a 
time."  Afterward,  during  an  interval  of  twenty 
years,  from  1650  to  1670,  it  is  said  that  scarcely 
any  were  to  be  seen.  But,  since  the  beginning 
of  last  century,  no  year  has  passed,  so  far  as  we 
know,  in  which  spots  have  not  been  seen.  I  have 
had  an  opportunity  of  viewing  the  sun  with  good 
telescopes  several  hundreds  of  times,  but  have 
seldom  seen  his  surface  altogether  free  of  spots. — 
In  some  years,  however,  they  have  been  far  more 
numerous  than  in  others.  In  the  beginning  of  1835 
comparatively  few  were  seen,  but  during  the 
latter  part  of  it,  the  whole  of  1836,  and  up  to 
the  present  time  (September,  1837),  Ihey  have 
been  exceedingly  numerous.  On  the  16th  of 
November,  1835,  with  an  achromatic  telescope, 
magnifying  about  a  hundred  times,  I  perceived 
about  ten  different  clusters ;  and,  within  the 
limits  of  two  of  the  clusters,  sixty  different  spots 
were  counted,  and  in  the  whole  of  the  other  clus- 
ters above  sixty  more;  making  in  all  about  120 
spots,  great  and  small.  On  the  19th  of  October, 
1836,  and  the  21st  of  February,  1837,  I  counted 
about  130;  and  on  a  late  occasion  I  perceived 
spots  of  all  descriptions  to  the  amount  of  about 
150.  Such  a  number  of  spots  are  generally  ar- 
ranged into  ten  or  twelve  different  clusters,  each 
cluster  having  one  or  two  large  spots,  surrounded 
with  a  number  of  smaller  ones.  Fig.  68,  repre- 
sents the  spots  of  the  sun  nearly  as  they  appeared 
on  the  I9th  of  October,  1836,  some  of  the  smaller 


*The  following  is  the  proportion  by  which  the  tnie  rotatioe 
is  found:  3G5(i.  5A.  48m.  +  'J7ii.  Ih.  37m.;  or,  392ri.  \\\h  25m.- 
3G5d.  5A.  48m.  :  :  2Td.  7A.  Z7m..:  2oJ.  Oil.  56/n.=  the  true  tim« 
of  the  sun's  rotation. 
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spots  being'  omitted.     The  larger  spots  are  repre-    two  hours.     Tlie  spot  marked  d,  near  the  ]argo 


Bented  on  a  sornewluit  larger  scale  than  they  should 
be  in  proportion  to  the  diameter  of  the  circle;  but 
tliey  present  nearly  the  same  relative  aspect  they 
exliibited  when  viewed  through  the  telescope  at 
the  time  specified.  Fig.  69  shows  the  large  spot 
on  a  larger  scale;  and  Fig.  70  a  large  spot  whicli 
ippearea  in  a  subsequent  observation,  which  had 
a.  bright  streak  or  two  in  the  center. 

Tlie  magnitude  of  some  of  the  solar  spots  is 
astonishing.  One  of  the  spots  seen  November 
16.  1835,  was  found  to  measure  about  the  fortieth 
part  of  the  sun's  diameter;  and  as  that  diameter 
is  equal  to  880,000  miles,  the  diameter  of  the 
Bpot  must  have  been  22,000  miles,  which  is  nearly 
three  times  tlie  diameter  of  the  earth  ;  and  if  we 
suppose  it  only  a  flat  surface,  and  nearly  circular, 
it  contained  380,133,600  square  miles,  which  is 
nearly  double  the  area  of  our  globe.  The  largest 
of  the  spots  in  the  ligure,  including  the  penumbra, 
measured  about  the  one  twentv-tirst  part  of  (he 
sun's  diameter;  and  its  breadth  about  the  1-54111 
part  of  the  same  diameter;  consequently  the  length 
of  the  spots  and  penumbra  was  41.91)0  miles,  its 
breadth  16,300,  and  its  area  6,829,700,000  square 
miles,  which  would  afford  room  for  ten  globes 
as  large  as  the  earth  to  be  placed  upon 
it.  It  consisted  of  a  dark  spot  of  a 
longish  form,  about  12,000  miles  in 
length,  and  two  or  three  smaller  spots, 
Bome  of  them  several  thousand  miles 
long,  all  included  within  one  penumbra. 
The  smallest  spots  vi?e  can  discern  on  the 
ejolar  disc  cannot  be  much  less  than  five 
or  six  hundred  miles  in  diameter. 

These  spots  are.  subject  to  mnnerous 
changes.  When  watched  from  day  to 
day,  tliey  appear  to  enlarge  or  contract,^  . 
to  change  their  forms,  and  at  length  to  § 
disappear  altogether,  or  to  break  out  on  t^ 
parts  of  the  solar  surface  where  there 
were  none  before.  Hevelius  observed 
one  which  arose  and  vanished  in  the 
space  of  seventeen  hours.  No  spot  has 
been  known  to  last  longer  than  one  that 
appeared  in  the  j'ear  1676,  which  con- 
tinued upon  the  sun  above  seventy  days; 
but  it  is  seldom  that  any  spots  last  long- 
er than  six  weeks.  Those  spots  that  are 
formed  gradually  are  generally  gradual- 
ly dissolved ;  those  which  arise  suddenly 
are,  for  the  most  part,  suddenly  dissolv- 
ed. Dr.  Long,  iu  his  "  Astronomy," 
vol.  ii,  states,  that  "  while  he  was  view- 
ing the  image  of  the  sun  cast  through 
a  telescope  upon  white  paper,  he  saw 
one  roundish  spot,  by  estimation  not 
much  less  in  diameter  than  our  earth, 
break  into  two,  which  immediately  re- 
ceded from  one  another  with  a  prodi- 
gious velocity."  The  Rev.  Dr.  VVol- 
laston,  when  viewing  the  sun  with  a 
reflective  telescope,  perceived  a  similar 
phenomenon.  A  spot  burst  in  pieces 
while  he  was  observing  it  like  a  piece 
of  ice,  which,  thrown  upou  a  frozen 
pond,  breaks  in  pieces  and  slides  in  va- 
rious directions.  On  the  11th  of  Octo- 
ber, 1833,  at  2h.  30'  p.  m.,  I  observed  a 
.arge  spot,  with  several  smaller  ones  be- 
hind it,  as  re])resented  Fig.  71.  Ne.\t 
day,  at  Oh.  30'  p.  m.,  the  small  spots 
marked  e  had  entirely  disappeared,  and  no  trace 
of  them  was  afterward  seen.  Each  of  these 
spots  wa3  more  than  a  thousand  miles  in  diameter, 
yet  they  were  all  changed  in  the  space  of  twenty- 
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spot,  though  at  least  two  or  three  thousand  miles 
in  length,  disappeared  about  tln-eedays  afterward. 
When  any  spot  begins  to  increase  or  diminish, 
the  nucleus,  or  dark  part,  and  the  penumbra  con- 
tract and  expand  at  the  same  time.  During  tlie 
process  of  diminution,  the  penumbra  encroaches 
gradually  upon  the  nucleus,  so  that  the  figure  of 
the  nucleus  and  the  boundary  between  it  and  the 
penumbra  are  in  a  stale  of  perpetual  change;  and 
it  sometimes  happens  during  these  variations,  that 
the  encroachment  of  the  penumbra  dividrs  the 
nucleus  into  two  or  more  parts.  These  circum- 
stances show  that  there  is  a  certain  connection  be- 
tween the  penumbra  and  the  nucleus;  yet  it  is 
observed,  that  when  the  spots  disappear  the  pe- 
numbra continues  for  a  short  time  visible  after  the 
nucleus  has  vanished.  It  is  likewise  observed 
that  the  exterior  boundary  of  the  penumbra  never 
consists  of  sharp  angles,  but  is  always  curvili- 
near, how  irregular  soever  the  outline  of  the 
nucleus  may  be.  The  portions  of  the  sun  oa 
which  spots  of  any  description  are  perceived  lie 
from  thirty  to  fifty  degrees  on  each  side  of  its 
equator.     No  spots   are  ever  seen  about  its  polar 

Fig.  68. 

Korth. 


regions,  though  I  have  sometimes  seen  small  spota 
as  distant  from  the  equator  as  sixty  degrees. 

Fig.  72  shows  the  progress  of  a  spot  across  the 
sun's  disc,  from  its  eastern  to  its  western  limb,  aa 
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observed  and  delineated  by  Hevelius,  in  May. 
16'14.  The  figures  refer  to  the  number  of  days 
on  wliich  the  spot  was  observed.  On  tlie  first 
day  of  the  observation,  when  the  spot  first  ap- 
peared on  tlie  eastern  limb,  it  was  seen  as  repre- 
sented at  1 ;  tlie  second  day  it  was  not  visible,  by 
reason  of  cloudy  weather.  The  third,  fourth,  and 
fifth  days  it  gradually  increased  in  bulk;  the  sixth 
day  it  Vi'as  not  seen.  On  the  tenth  and  following 
days  the  spot  was  vastly  increased  in  bulk,  with 
an  irregular  atmosphere  about  it  and  a  dark  cen- 
tral spot.  Figs.  73,  74,  75,  76,  are  representations 
of  spots  by  Sir  W .  Hersciiel.  I'ig.  75  shows  the 
division  of  a  decaying  nucleus  or  opening,  where 
the  luminous  passage  across  the  opening  resem- 
bles a  bridge  thrown  over  a  hollow. 

Beside  the  dark  spots  now  described,  there  are 
other  spots  which  have  a  bright  and  mottled  ap- 
pearance, which  were  formerly  termed  fuculcc, 
and  which  Sir  W.  Herschel  distinguished  by  the 
terms  Nodules,  Corrugations,  and  KUjes.  Tiiese 
spots  are  chiefly  to  be  seen  near  the  margin  of 
the  sun,  in  the  same  latitudes  in  which  the  other 
spots  appear.  They  appear  first  on  the  eastern 
margin,  and  continue  visible  for  three  or  four 
days,  but  are  invisible  when  they  arrive  near  the 
middle  of  the  disc,  and  when  they  approach  near 
the  western  limb  they  are  again  distinctly  visible. 
This  circumstance  sliows  that  they  are  ridges  or 
elevations,  which  appear  in  profile  when  near  the 
limb,  but  in  front  or  foreshortened  when  near  the 
middle  of  the  disc,  so  as  to  become  invisible. — 
They  are  generally  seen  in  the  immediate  neigh- 
borhood of  d-trk  spots,  and  in  the  places  where 
spots  have  appeared;  and  hence,  for  several  years 
past,  when  any  of  these  faculte  or  ridges  have  ap- 
peared on  the  eastern  jnargin,  I  have  uniformly 
been  enabled  to  predict  the  appearance  of  a  large 
spot  or  two  within  the  course  of  twenty -four  or 
thirty  hours;  and  in  more  than  twenty  or  thirty 
instances  I  have  never  been  disappointed.  These 
faculaj  and  ridges  present  a  mottled  and  waving 
appearance,  like  that  of  a  country  with  gentle 
elevations  and  depressions,  and  bear  a  strong  re- 
semblance to  certain  portions  of  that  surface  of 
the  moon,  particularly  tlie  more  level  portions  of 
the  orb,  which  present  a  number  of  gentle  wav- 
iugs  or  elevations  and  depressions.  And  as  those 
wavings  or  ridges  which  appear  on  the  sun  are,  in 
a  clear  atmosphere,  as  distinctly  perceptible  as 
the  rough  surface  of  the  moon,  they  must  be  ob- 
jects of  immense  extent  and  of  very  great  eleva- 
tion, whether  they  consist  of  luminous  clouds  or 
of  more  dense  materials.  Some  of  those  spaces 
or  ridges  have  been  found  to  occupy  a  portion  of 
the  solar  disc  equal  to  seveuty-tivc  thousand  miles. 
They  extend  over  a  large  portion  of  the  sun's  sur- 
ftice,  and  their  shape  and  position  are  frequently 
changing. 

Opinions  and  Deductions  respectinrj  the  Nature 
and  Constitution  of  the  Sun. —  Having  described 
tlie  principal  phenomena  connected  with  this  im- 
mense luminary,  we  may  now  consider  what  con- 
clusions those  appearances  lead  us  to  deduce  re- 
specting its  construction  and  the  processes  which 
are  going  on  near  its  surface.  Very  vague  and 
foolish  opinions  have  been  entertained  respecting 
the  nature  of  the  sun  ever  since  the  invention  of 
the  telescope.  It  has  very  generally  been  con- 
sidered as  a  vast  body  of  liquid  fire;  and  in  a  large 
volume  now  before  me,  published  only  about  a 
century  ago,  it  is  considered  as  the  local  place 
of  hell.  A  large  map  of  the  sun,  copied  from  the 
delineations  of  Kircher  and  Scheiner,  is  exhibited, 
iu  which  the  solar  surface  is  represented  as  all 
over  covered  with  flames,  smoke,  volcanoes,  and 


"great  fountains,  or  ebullitions  of  firs  and  light, 
spread    thick   over  the  whole    body  of  it;  and  in 
many  places  (/ar/c  s/iois,  representing  dens  or  ca- 
verns, which   may  be  supposed   tlie  seats  of  the 
blackness  of   darkness."*      In   this    picture    the 
smoke  and  flames  are  represented  as  rising  beyond 
the  margin  of  the  sun  about   a  ninth   part  of  its 
diameter,  or  nearly  y'J,0(3()  miles;  a  picture  as  un- 
like the  real  surface  of  the  sun  as   the   gloom   of 
midnight  is  unlike  the  tsplendors  of  day.     IJut, 
leaving  such  extravagant  and  untenable  notions, 
even  some  philosophers  have  held   opinions  alto- 
gether  incompatible    with   reason   and   with    the 
phenomena  presented  by  the  sun:  Galileo,  Hfvc- 
lius,  and  Mauperlius  consiJered  the  spots  as  scoria 
floating  in  the  inflammable  liquid  matter  of  which 
they  conceived  the  sun  to  be  composed.     Others 
have  imagined  that  the  fluid  which  sends  forth 
light  and  heat  contains  a  nucleus  or  solid  globe, 
in  which  are  several  volcanoes,  like  Etna  or  Ve- 
suvius, which  from  time  to  time  cast  forth  quanti- 
ties of  bituminous  matter  up  to  the  surface  of  the 
sun,  and  form  those  spots  which  are  seen  upon 
it;  and  that,  as  this  matter   is  gradually  changed 
and  consumed  by  the  luminous  fluid,  the  spots 
disappear  for  a  lime,  but  are  seen  to  rise  again  iu 
tiie  same  places  wlien  those  volcanoes  cast  up  new 
matter.     Others,  again,  have  supposed    that    the 
sun  is  a  fiery  luminous  fluid,  in  which  several 
opaque   bodies  of  irregular  shapes  are  immersed, 
and  that  these  bodies  are  sometimes  buoyed  up  or 
raised  to  the  surl'ace,  where  they  appear  like  spots; 
while  others  imagine  that  tliis  luminary  con.sists  of 
a  flnid  in  continual  agitation,  by  the  rapid  motion 
of  which  some  parts  more  gross  than  the  rest  -am 
carried  up  to  the  surface  in  like  manner  as  scum 
rises  on  the  top  of  melted  metal  or  anything  that  is 
boiling.      I'lie  futility  of  all  such  opiniDus  is  obvi- 
ous when  we  consider  attentively  all  the  varieties  of 
the  solar  phenomena,  and  when  we  reflect  on  the 
immense  magnitude  both  of  the  sun  itself  and  of 
the  spots  which  traverse   its   surface.     Wliat  re- 
semblance can  there  be  between  such  volcanoes  as 
Etna  and  Vesuvius,  and  spots  on  the  sun  2d,000 
miles  in  diameter,  and  several   times  larger  than 
the  whole  earth?  between  the  vast  and   sublime 
operations  going  forward  in  this  magnificent  globe, 
and  "the  scum  and  scoria  of  melted  metal?"     We 
err  most  egregiously  when  we  attempt  to  compare 
tlie  substances  and  the  puny  opirations  v/hich  we 
see  around  us  on  the  globe  we  inhabit,  with  v/liat 
takes  place  on  so  stupendous  a  globe  as  the  sun, 
whose  constitution  must  be  so   immensely  difTe- 
rent  from  that  of  the  planetary  bodies,  and   from 
everything  within   the   range  of  our  observation 
on  this  earth.     We  talk  of  volcanoes,  of  scoria,  of 
boiling   metals,   of   bituminous   matter,  of    dens, 
and  caverns,  and  fieiy  flames  in   the  sun,  as  if 
they  were  as  common  there  as  with   us;   whereas 
there  is  every  reason  to  believe  that  nothing  simi- 
lar to  any  of  these  is  to  be  found  in  the  constitu- 
tion of  this  vast  luminary.     We   might,  with  as 
good  reason,  attempt  to   compare  the   process  of 
vegetation   on  our  globe,  and   the  tides  and  cur- 
rents of  our  ocean,  with  what  takes  place  on  the 
surface  of  Jupiter  or  on  the  rings  of  Saturn.    In  all 
such  cases,  it  is  most  becoming  rather  to  acknow- 
ledge  our   ignorance  than   to  caricature  and  de- 
grade the  sublimest  works  of   Omnipotence   by 
our  puerile  explanations  and  whimsical  theoriesu 
The  following  are  some  of  the  more  rational  con- 
clusions which  have  been  deduced  in  reference  to 
the  constitution  of  the  sun. 

*  "An  Inquiry  into  the  Nature  and  Place  of  Hell.*  By 
tlie  Rev.  T.  Svvinden,  M.  A.,  Rector  of  Cuxton,  in  Kent, 
2d  edit.,  p.  470.    London,  1727. 
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In  t!ic  first  place,  from  a  variety  of  observations, 
it  is  now  pretty  well  determined  that  the  solar 
spots  are  depressions,  and  not  elevations,  and  that 
the  black  nucleus  of  every  spot  is  the  opaque 
body  of  the  sua  seen  througfh  an  opening  in  the 
luminous  atmosphere  with  which  it  is  environed. 
This  was  first  ascertained  by  numerous  observa- 
tions made  by  the  late  Dr.  Wilson,  professor  of  as- 
tronomy in  the  universiry  of  Glasgow.  This  coii- 
cUision  is  founded  on  the  following  facts:  When 
any  spot  is  about  to  disappear  behind  tlie  sun's  west- 
ern limb,  the  eastern  portion  of  the  umbra  firet  con- 
tracts in  its  breadth,  and  then  vanishes.  The 
nucleus  then  contracts  and  vanishes,  while  the 
western  portion  of  the  umbra  still  remains  vl.-;ible. 
Wlien  a  spot  comes  into  view  on  the  sun's  eastern 
limb,  the  eastern  portion  of  the  umbra  first  be- 
comes visible,  then  the  dark  nucleus,  and  then  the 
western  part  of  the  umbra  makes  its  appearance. 
When  two  spots  are  near  each  other,  the  umbra 
of  the  one  spot  is  deficient  on  the  side  next  the, 
other;  and  when  one  of  the  spots  is  much  larger 
than  the  other,  the  union  of  the  largest  will  be 
completely  wanting  on  the  side  next  the  small 
one.  From  various  micrometricul  estimates  and 
calculations  in  relation  to  the  breadth  of  the  um- 
bra, and  the  manner  of  their  appearance  and  dis- 
appearance, the  doctor  was  led  to  the  conclnsion 
that  the  depth  of  the  nucleus  or  dark  part  of  the 
spots  was,  in  several  instances,  from  2000  to  nearly 
4000  miles.  In  order  to  confirm  his  theory,  lie 
constructed  a  globe  representing  the  snn,  with 
certain  hollows  cut  out  to  represent  the  spots  or 
excavations,  which  were  painted  black  with  In- 
dian ink,  and  the  slope  or  shelving  sides  of  the 
excavations  were  distinguished  from  the  bright- 
ness of  the  external  surface  by  a  shade  of  the 
pencil,  which  increased  toward  the  external  bor- 
der. WMien  this  artificial  sun  was  fixed  in  a  pro- 
per frame,  and  examined  at  a  great  distance  with 
a  telescope,  the  umbra  and  the  nucleus  exhibited 
the  same  phenomena  which  are  observed  on  the 
real  sun.* 

Sir  William  Herschel,  with  his  powerful  tele- 
scopes, made  numerous  observations  on  the  solar 
spots,  and  arrived  at  the  same  conclusion  as  Dr. 
Wilson  had  done,  that  the  dark  nucleus  of  the 
spots  is  the  opaque  body  of  the  sun  ai)pearing 
through  the  openings  in  its  atmosphere,  and  that 
the  luminous  surface  of  the  sun  is  neither  a  liquid 
substance  nor  an  elastic  fluid,  but  luminous  or 
phosphoric  clouds  floating  in  the  solar  atmosphere. 
lie  conceives,  from  the  uniformitv  of  color  in  the 
penumbra  or  shalloivs,  that  below  these  self-lu- 
minous clouds  there  is  another  stratum  of  clouds 
of  infeiior  brightness,  which  is  intended  as  a  cur- 
tain to  protect  the  solid  and  opaque  body  of  the 
Bun  from  the  intense  brilliancy  and  heat  of  the 
luminous  clouds;  and  that  "the  luminous  strata 
are  sustained  far  above  the  level  of  the  solid  body 
by  a  transparent  elastic  medium,  carrying  on  its 
upper  surface,  or  at  some  considerably  lower  level 
within  its  depth,  a  cloudy  stratum,  which,  being 
strongly  illuminated  from  above,  reflects  a  consid- 
erable portion  of  the  light  to  our  eyes,  and  forms 
a  penumbra,  while  the  solid  body,  shaded  by  the 
clouds,  reflects  little  or  none." 

What,  then,  are  the  conclusions  which  may  be 
deduced  in  regard  to  the  constitution  of  the  snn? 
In  the  first  place,  we  must  admit  that,  at  present, 
we  know  very  little  of  the  nature  of  tliis  immense 


*  ?ee  an  elaborate  paper  on  this  subject  by  Dr.  Wilson, 
in  vol.  I.\iv  of  tlie  "  Philosophical  Transactions  ;"  and  :;r.- 
other,  in  reply  to  some  objections  of  La  Lande,  in  the  vol- 
ume fur  178;i. 


luminary,  and  of  the  processes  that  are  going  for- 
ward on  its  surface  or  in  its  atmosphere.  For 
there  is  no  similar  body  with  which  we  are  intim- 
ately acquainted  with  winch  we  can  compare  it, 
and  which  miglit  enable  us  to  form  some  definite 
conceptions  of  the  causes  which  produce  the  phe- 
nomena it  presents.  But,  secondly,  it  appears 
highly  probable,  if  not  absolutely  certain,  that  the 
great  body  of  the  sun  consists  of  an  opaque  solid 
globe,  most  probably  diversified  with  elevations 
and  depressions,  but  of  the  nature  or  qualities  of 
this  interior  globe,  and  the  materials  of  which  it 
is  composed,  we  are  altogether  unacquainted. 
Thirdly,  tijat  this  opaque  globe  is  surrounded  with 
a  body  of  light,  which  it  tiiftuses  throughout  the 
planetary  system  and  far  beyond  it;  but  whether 
this  light  consists  of  phosphoric  clouds  in  perpet- 
ual motion,  or  bow  it  is  produced  and  kept  con- 
tinually in  action,  is  only  matter  of  conjecture. 
But,  in  whatever  it  consists,  it  is  pretty  evident 
that  it  forms  a  shell  or  covering  around  the  dark 
bodj'  of  the  sun  of  several  thousand  miles  in 
thickness.  Fourthly,  there  are  stupendous  mo- 
tions and  operations  continually  going  forward  in 
connection  with  the  surface  or  liie  luminous  at- 
mosphere of  this  imtnense  body. 

That  extensive  and  amazing  operations  and  pro- 
cesses are  going  forward  on  the  surface  of  the 
sun,  or  in  its  immediate  vicinity,  ap])ears  from  the 
immense  size  of  both  the  dark  and  luminous  spots, 
and  the  sudden  and  extensive  changes  to  which 
they  are  frequently  subjected.  Spots  have  been 
observed  on  the  solar  disc  so  large  as  the  one 
twentieth  of  the  sun's  diameter,  and,  of  course, 
44,000  miles  in  lineal  e.rtent,  comj)rising  an  area 
of  one  thousand  five  hundred  and  twenty  millions 
of  square  miles.  Now  it  is  known  from  observa- 
tion that  such  spots  seldom  or  never  last  longer 
than  forty-four  days,  and,  consequently,  their 
borders  must  approach  at  the  rate  of  at  least  a 
tho\isai]d  miles  every  day,  but  in  most  cases  with 
a  mucli  more  rapi^i  motion.  What,  tlien,  shall  W6 
think  of  the  motions  and  operations  by  which  a 
large  S])ot  has  been  made  to  cisappear  in  the 
course  of  twenty-two  hours,  as  I  have  sometiniea 
observed,  yea,  which  have  disappeared  in  the 
course  of  a  single  hour?  And  what  shall  we 
think  of  the  process  by  which  a  spot  as  large  as 
the  earth  was  broken  into  two  during  the  moment 
of  observation,  and  made  to  recede  from  each 
other,  as  was  observed  both  by  Dr.  Long  and  Dr. 
Wollaston?  (See  page  79.)  How  powerful  the 
forces,  how  rapid  the  motions,  and  how  extensive 
the  changes  which  must  have  been  produced  in 
such  cases!  Whether  we  consider  such  changes 
to  be  produced  in  the  solid  globe  of  the  sun,  or 
in  the  luminous  atmosphere  with  which  it  is  en- 
vironed, the  scale  on  which  such  movements  and 
operations  must  be  conducted  is  immense,  and  al- 
together overpowering  to  the  imagination.  What 
should  we  think  were  we  to  behold  the  whole  of 
the  clouds  which  float  in  the  earth's  atmosphere 
dissipated  in  a  moment;  the  continent  of  America 
detached  from  its  basis  and  transported  across  the 
Atlantic;  or  the  vast  Pacific  ocean,  in  the  course 
of  a  few  days,  overwhelming  with  its  billows  the 
whole  of  Asia,  Africa,  and  Europe?  Amazing  aa 
such  changes  and  revolutions  would  appear,  there 
are,  in  all  probability,  operations  and  clianges, 
though  of  a  very  different  description,  taking  place 
on  the  solar  surface  or  atmosphere  upon  a  scale 
of  much  larger  extent.  It  is  found  by  calculation 
that  the  smallest  space  containing  a  visible  area 
which  can  be  distinctly  perceived  on  the  sun  with 
g^/v^u  telescopes  is  about  460  miles;  and  a  circle  of 
this  diameter  contains  about  160,000  squaje  ntilaa. 
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Now  those  ridges  or  corrugations,  formerly  termed 
faculce,  which  are  seen  near  the  sun's  marfjin,  are 
more  than  twenty  times  larger  than  such  a  space; 
they  evidently  appear  to  be  elovations  and  depres- 
sions on  llie  solar  surface,  and  are  almost  as  dis- 
tinctly perceptible  as  the  wavings  and  inequalities 
on  the  surface  of  the  moon.  How  immensely  large 
and  elevated,  then,  must  such  objects  in  reality  be, 
v/hen  we  perceive  their  inequalities  so  distinctly 
at  tlie  distance  of  ninety-five  millions  of  miles! 
The  elevated  parts  of  such  objects  cannot  be  less 
than  several  hundreds  of  miles  above  the  level  of 
the  valleys  or  depressions,  and  extending  in  length 
63verai  thousands  of  miles.  Yet,  sometimes  in  a 
few  days,  or,  at  most,  a  few  weeks,  these  extensive 
objects  are  either  dissipated  or  dark  spots  appear 
in  their  room. 

it  is  evident,  then,  that  stupendous  powers  are 
in  action,  and  vast  operations  are  going  on  in  con- 
nection with  this  august  luminary,  far  surpassing 
everytiiing  within  the  range  of  our  contemplation 
in  this  terrestrial  sphere,  and  of  which  the  human 
mind  can  form  no  distinct  conception.  Tliese 
operations  appear  to  bo  carried  forward  in  a  sys- 
tematic order,  and  by  the  regular  influence  of 
certain  physical  agents.  But  what  these  agents 
are;  how  Ihey  produce  their  cfTects;  wherein  th?y 
differ  in  their  nature  and  properties  from  the  phy- 
Bical  agents  connected  with  our  globe;  whether 
they  be  employed  in  keeping  up  a  constant  efflux 
of  light  and  heat  to  the  worlds  which  roll  around; 
or  whether  their  activities  have  any  relation  to  in- 
telligent beings  connected  with  the  sun,  are  ques- 
tions which,  in  our  present  state,  it  is  impossible 
ih  resolve.  But  we  can  easily  conceive  that  scenes 
of  overpowering  grandeur  and  sublimity  would 
be  presented  to  view  could  we  suppose  ourselves 
placed  in  the  immediate  vicinity  of  this  luminary. 
Were  we  placed  within  a  hundred  miles  of  the 
solar  luminous  atmosphere,  wherj  the  operations 
which  we  now  behold  at  a  remote  distance  would 
be  distinctly  perceived,  we  should  doubtless  behold 
a  scene  of  overpowering  magnificence  and  splen- 
dor, and  a  series  of  sublime  phenomena  far  sur- 
passing what"  eye  hath  yet  seen,"  or  the  mind  of 
man  can  yet  conceive.  Were  we  placed  within 
this  luminous  atmosphere,  on  the  solid  surface  of 
the  sun,  we  should  doubtless  contemplate  a  scene 
altogether  novel,  and  still  more  brilliant  and  aston- 
ishing. To  a  spectator  in  this  position  an  opening 
in  the  luminous  atmosphere  several  thousands  of 
miles  in  circumference,  where  none  appeared  be- 
fore, would  be  presented  to  his  view,  through 
which  the  stars  of  heaven  might  possibly  be  per- 
ceived; and  in  a  short  time  this  opening  would 
gradually  close,  and  he  would  find  himself  again 
surrounded  with  inelfublc  splendor;  while,  at  tiie 
Same  time,  he  might  have  a  view  of  the  physical 
agents  by  which  these  astonishing  effects  ai-e  pro- 
duced. In  a  short  time  another  opening  of  a  dif- 
ferent kind  would  be  perceived,  and  other  scenes 
and  transformations  would  be  exhibited  to  the 
view  in  regular  succession.  That  sucli  scenes 
would  actually  be  exhibited  is  a  natural  deduction 
from  the  theory  (which  niay  be  consilered  as  es- 
tablished) that  the  sun  consists  of  a  solid  ijlobe, 
surrounded  with  a  luminous  atmosphere,  and  that 
the  dark  spots  are  the  openings  in  that  luminous 
fluid 

It  appears,  then,  that  the  sun  which  we  daily 
behold  is  a  body  of  inetFable  magnitude  and  splen- 
dor, and  that  the  most  magnificent  operations  are 
incessantly  going  forward  on  its  surfice  or  in  its 
immediate  vicinity.  It  is,  indeed,  a  kind  of  uni- 
tyerse  in  itself,  the  magnitude,  and  extent,  ana 
grandeur   of  which,  and   the  vast   and   sublime 


operations  connected  with  its  physica.  coiistitu- 
fion,  surpass  the  powers  of  the  human  mind  to 
form  any  aiiequate  conception.  We  are  destitute 
of  a  substratum  of  thought  for  enabling  us  to 
form  a  comprehensive  conception  on  this  subject. 
When  we  ascend  to  the  toj)  of  Mount  Etna  oi 
Mount  Blanc,  and  survey  the  vast  group  of  sur- 
rounding objects  wiiich  appear  aroiind  and  b"*- 
neath  ns  when  the  morning  sun  illuminat:;s  ilia 
landscape,  we  behold  one  of  the  largest  and  most 
expansive  objects  that  can  meet  our  eye  in  this 
sublunary  scene;  and  we  can  compare  it  with 
objects  that  are  smaller  and  with  those  tliat 
are  somewhat  larger.  But  tiie  amplitude  of 
such  a  scene  extends  only  to  a  hundred  or  a 
hundred  and  fifty  miles  in  every  direction,  which 
is  less  than  the  least  visible  point  or  spot 
v/hich  we  can  perceive  on  tiie  sun  with  the 
most  powerful  telescopes.  Were  we  transport- 
ed to  a  point  five  or  six  thousand  miles  above 
the  surface  of  the  earth,  so  as  to  take  in  nearly  at 
one  view  the  whole  hemisphere  of  our  g  obe;  and 
were  our  eyes  to  be  strengthened  so  as  to  be  able 
to  perceive  every  part  of  its  surface  distinctly,  our 
ideas  of  magnitude  would  be  vastly  enlarged,  and 
we  should  be  enabled  to  form  njore  correct  and 
compreht-Misive  conceptions  tiian  we  can  now  do 
of  the  slill  greater  magnitudes  of  many  of  the 
celestial  bodies.  But  even  such  an  object  as  the 
whole  of  the  earth's  hemisphere,  seen  at  one  com- 
prehensive view,  would  ali'ord  us  comparatively 
little  assistance  iu  forming  an  aiiequate  conception 
of  such  a  stupendous  globo  as  the  sun;  it  would 
not  equal  the  idea  of  magnitude  which  v/e  ought 
to  attach  to  one  of  the  smaller  spots  on  its  surface. 
For  llie  area  of  the  solar  surface  is  twenty-four 
thousand  seven  hundred  times  greater;  so  that 
24,700  scenes  equ.d  in  magnitude  to  the  hemi- 
sphere of  our  globe  must  pass  between  us  ia 
review  before  we  cjuld  acquire  a  comprehensive 
and  adequate  idea  of  the  expansive  surface  of  the 
sun.  And  were  a  scene  of  this  description  to  pass 
before  our  eyes  every  two  hours,  until  an  extent 
equal  to  the  area  of  the  sun  passed  under  our 
view,  and  were  twelve  hours  every  day  allotted 
for  the  observation,  it  would  require  more  than 
eleven  years  before  such  a  rapid  survey  of  this 
vast  luminary  could  be  completed.  But,  as  we 
can  have  no  adequate  idea  of  a  scene  comprehend- 
ing a  whole  hemisphere  of  our  globe,  let  ns  com- 
pare the  view  from  ftlount  Etna  with  the  ampli- 
tude of  the  sun.  "  There  is  no  ]ioint  on  the 
surface  of  the  globe,"  says  Mr.  Brydone,  "  that 
unites  so  many  awful  and  sublime  objects  as  the 
top  of  Etna,  and  no  imagination  has  dared  to 
form  an  iJea  of  so  gloiious  and  magnificent  a 
scene.  The  body  of  the  sun  is  seen  rising  from 
tlie  ocean,  immense  tracts  both  of  sea  and  land 
intervening;  the  islands  of  Pinari,  Alicudi,  Li- 
pari,  Stromboli,  and  Volcano,  with  their  smoking 
summits,  appear  under  your  feet,  and  you  look 
down  on  tlie  whole  of  Sicily  as  on  a  map,  and 
can  trace  every  river  through  all  its  windings 
from  its  source  to  its  mouth.  The  view  is  abso- 
lutely boundless  on  every  side,  so  that  the  sight 
is  everywhere  lost  in  the  immensity."  Yet  this 
glorious  and  expansive  prospect  is  comprised 
within  a  circle  about  240  miles  in  diameter  and 
7o4  in  circumference,  containing  45,240  square 
miles,  which  is  only  l-5U,776,()08th  part  of  th« 
surface  of  the  sun;  so  that  fifty-three  millions; 
seven  hundred  and  seventy-six  thousand  land- 
scapes, such  as  beheld  from  Mount  Etna,  be- 
hooved to  pass  before  us  before  we  could  contem- 
plate a  surface  as  expansive  as  that  of  the  sun; 
and  if  every  such  landscape  were  to  occupy  two 
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hours  in  the  contemplation,  as  supposed  above,  it 
would  require  tioeittij-four  iliousand  five  hundred 
and  fifiy-jhur  years  beforo  tbe  wliole  surluce  of 
lliis  immense  globe  could  be  in  this  manner  sur- 
veyed; and,  after  all,  we  fihould  have  but  a  very 
imperfect  conception  of  the  stiliil  contents  of  the 
sun,  which  contains  35C,8KS,7o!J,200,000,000  of 
cubical  miles,  which  number  is  146,670  times 
greater  than  the  number  of  square  miles  upon  its 
su  rface. 

Wliat  a  glorious  idea,  then,  does  such  an  object 
as  the  sun  present  to  ns  of  tlio  Grandkur  of  the 
Deity  and  the  Energies  of  OMNiroTKNCLl  There 
is  no  single  object  within  tiic  range  of  our  know- 
ledge that  alFords  a  more  striking  and  august 
emblem  of  its  Great  Creator.  In  its  luster,  in  its 
magnitude,  in  its  energy,  in  its  boundless  influ- 
ence, and  its  beneficial  effects  on  ibis  earth  and 
on  surrounding  worlds,  there  is  a  more  bright 
display  of  Divine  perfection  than  in  any  other 
material  being  witli  which  we  are  acquainted: 

"  Great  source  of  day!  best  image  here  below 
Of  thy  Creator!  ever  pouring  wide 
I  From  worM  .to  work),  tlie  vital  ocean  roanil, 

On  Nature  write,  with  every  beam,  his  praise  " 

Could  such  a  magnificent  orb  have  been  pro- 
duced by  a  fortuitous  concourse  of  atoms,  and 
placed  in  its  proper  pos-ition  to  distribute  light 
and  attractive  influence  to  the  worlds  vvliich  roll 
around  it?  Could  chance  have  directed  the  dis- 
tance at  which  it  should  be  placed  from  the 
respective  planets,  or  the  size  to  which  it  should 
be  expanded,  in  order  to  diffuse  its  energies  to  the 
remotest  part  of  the  system?  Could  chance  have 
impressed  upon  it  the  laws  requisite  for  sustaining 
in  their  courses  all  the  bodies  dependent  upon  it, 
or  have  endowed  it  with  a  source  of  illumination 
which  has  been  preserved  in  action  from  age  to 
fige?  To  afiirm  such  positions  would  be  to  un- 
dermine and  annihilate  the  principles  of  all  our 
reasonings.  The  existence  of  the  sun  proves  the 
existence  of  an  Eternal  and  Supreme  Divinity, 
and  at  the  same  time  demonstrates  his  omnipotent 
power,  his  uncontrollable  agency,  the  depths  of 
his  wisdom,  and  the  riches  of  his  beneficence. 
If  such  a  luminary  be  so  glorious  and  incompre- 
hensible, what  must  its  Great  Creator  be?  If  its 
splendor  be  so  dazzling  to  our  eyes,  and  its  mag- 
nitude so  overpowering  to  our  imagination,  what 
must  He  be  who  lighted  up  that  magnificent  orb, 
and  bade  a  retinue  of  worlds  revolve  around  it; 
who  "  dwells  in  light  inaccessible,  to  which  no 
mortal  eye  can  approacli?"  If  the  sun  is  only 
one  out  of  many  myriads  of  similar  globes  dis- 
persed throughout  the  illimitable  tracts  of  crea- 
tion, how  great,  how  glorious,  how  far  surpassing 
liuman  compi'ehension  must  be  the  plans  and  the 
attributes  of  the  infinite  and  eternal  Creator! 
♦'His  greatness  is  unsearchable,  and  his  ways 
past  finding  out."  Could  we  thoroughly  com- 
prehend the  depths  of  his  perfections  or  the  gran- 
deur of  his  empire,  he  would  cease  to  be  God,  or 
we  should  cease  to  be  limited  and  dependent 
beings.  But,  in  presenting  to  our  view  such 
magnificent  objects,  it  is  evidently  his  intention 
that  we  should  rise  in  our  contemplations  from 
the  effect  to  the  cause,  from  the  creature  to  the 
Creator,  from  the  visible  splendors  and  magnifi- 
cence of  creation  to  the  invisible  glories  of  Him 
who  sits  on  the  throne  of  the  universe,  "  whose 
kingdom  ruleth  over  all,  and  before  whom  all 
nations  are  counted  as  less  than  nothing  and 
vanity." 

It  might  here  form  a  subject  of  inqniry,  whether 
{here  be  any  reason  to  believe  that  the  sun  is  inhab- 


ited ?  IVIost  astronomers  have  been  disposed  to 
answer  this  question  in  the  negative.  Sir  W. 
Herschel,  however,  and  several  others,  consider  it 
as  not  altogether  improbable  that  the  sun  is  peo- 
pled with  rational  beings.  Viewing  thi.-<  luminary 
as  c.onsisling  of  a  dark  solid  nucleus,  surrounded 
by  two  strata  of  clouds,  the  outermost  the  regiou 
of  that  light  and  heat  which  is  diffused  to  tho 
remotest  parts  of  the  system,  they  conceived  that 
the  interior  stratum  was  intended  to  protect  the 
inhabitants  of  the  sun  from  the  fiery  blaze  of  the 
sphere  of  light  and  heat  with  which  they  are 
surrounded.  On  either  side  of  this  question  it 
becomes  us  to  speak  with  diflidence  and  modesty. 
We  ought  not  to  set  limits  to  the  wisdom  and 
arrangements  of  the  Creator  by  aflarming  that 
rational  beings  could  not  exist  and  find  enjoyment 
on  such  a  globe  as  the  sun,  on  account  of  the 
intensity  of  light  and  heat  which  forever  prevails 
in  that  region.  For  it  is  probable  that  the  lumi- 
nous matter  that  enco:npasses  the  solid  globe  of 
the  sun  does  not  derive  its  splendor  from  any 
intensity  of  heat.  If  this  were  the  case,  the  parts 
underneath,  which  are  perpetually  in  contact  with 
tliat  glowing  matter,  would  be  heated  to  such  a 
degree  as  to  become  luminous  and  bright,  whereas 
we  find  that  they  have  unil'ormly  a  dark  appear- 
ance: so  that  it  is  possible  the  interior  region  of 
the  sun  may  be  in  a  state  of  comjiaratively  low 
temperature.  For  anything  we  know  to  the  con- 
trary or  can  demonstrate,  the  sun  may  be  one  of 
the  most  splendid  and  delightful  regions  of  tha 
universe,  and  scenes  of  magnificence  and  gran- 
deur may  be  there  displayed  far  surpassing  any- 
thing tliat  is  to  be  found  in  the  planets  which 
revolve  around  it,  and  its  population  may  as  far 
exceed  in  number  that  of  other  worlds  as  the 
immen.se  size  of  this  globe  exceeds  that  of  all  the 
other  bodies  in  the  system.  But,  on  the  other 
hand,  we  know  too  little  of  the  nature  and  con- 
stitution of  the  sun,  and  the  plans  of  Divine 
Wisdom,  to  warrant  us  to  make  any  positive 
assertions  on  this  point.  Although  no  intelligent 
beings  were  connected  with  this  great  luminary, 
its  boundless  influence  in  the  planetary  system; 
its  being  the  soul  and  center  of  surrounding 
worlds;  its  diffusing  light,  and  heat,  and  genial 
influences  of  various  kinds,  to  all  the  tribes  of 
their  i:-.habitants;  and  its  cementing  them  all  by 
its  attractive  energy  in  one  liarmonious  system, 
are  reasons  sufficient  for  the  creation  of  this  vast 
globe,  Vi'itliput  the  influence  of  which  perpetu;il 
darkness  would  ensue,  the  planets  would  start 
from  their  spheres,  and  the  whole  system  soon 
bccoine  one  universal  wreck. 

It  is  owing  to  the  existence  of  the  sun  that  our 
globe  is  a  habitable  world  and  productive  of  en- 
joyment. Almost  all  the  benign  agencies  which 
are  going  forward  in  the  atmosphere,  the  waters, 
and  tlie  earth,  derive  their  origin  from  its  power- 
ful and  perpetual  influence.  Its  light  diffuses 
itself  over  every  region, and  produces  all  that  diver- 
sity of  coloring  which  enlivens  and  adorns  the 
landscape  of  the  world,  without  which  we  should 
be  unable  to  distinguisli  one  object  from  another. 
By  its  vivifying  action,  vegetables  are  elaborated 
from  inorganic  matter,  the  sap  ascends  through 
their  myriads  of  vessels,  the  flowers  glow  with 
the  richest  hues,  tbe  fruits  of  autumn  are  matured, 
and  become,  in  their  turn,  the  support  of  animala 
and  of  man.  By  its  heat  the  waters  of  the  rivers 
and  the  ocean  are  attenuated  and  carried  to  the 
higher  regions  of  the  atmosphere,  where  they  cir- 
culate in  the  form  of  vapor  until  they  again  de- 
scend in  showers,  to  supply  the  sources  of  the 
rivers   and  to   fertilize   the  soil      By  the  same 
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agency  all  winds  are  produced,  which  purify  the  j 
atmosphere  by  keeping  it  in  perpetual  motion, 
wliich  propel  our  sliips  across  the  oce.m,  dispel 
noxious  vapors,  prevent  pestilential  efiluvia,  and 
rid  oiir  habitations  of  a  tliousand  nuisances.  By  ] 
its  attractive  energy  the  tides  of  tlie  ocean  are  : 
modified  and  regulated,  the  earth  conducted  | 
in  its  annual  course,  and  the  moon  sustained 
and  directed  in  her  motions.  Its  influence 
descends  even  to  the  mineral  kingdom,  and  is  felt 
in  the  chemical  compositions  and  decompositions 
of  the  elements  of  nature.  The  disturbances  in 
the  electric  equilibrium  of  the  atmosphere,  which 
produce  the  phenomena  of  thunder,  lightning, 
and  rain, and  the  varieties  of  terrestrial  magniitis  i  ; 
the  slow  degradation  of  the  solid  constituents  of 
the  globe  and  their  diffusion  among  tlie  waters  of 
the  ocean,  may  all  be  traced,  either  directly  or 
indirectly,  to  the  agency  of  the  sun.  It  illumi- 
nates and  cheers  all  the  inhabitants  of  the  earth 
from  the  polar  regions  to  the  torrid  zone.  When 
its  rays  gild  the  eastern  horizon  after  the  darkness 
of  the  night,  something  like  a  new  creation  ap- 
pears. The  landscape  is  adorned  v.-itha  thousand 
shades  and  colors;  millions  of  insects  awake  and 
bask  in  its  rays;  the  birds  start  from  their  slum- 
bers, and  fill  the  groves  with  their  melody  ;  the 
flocks  and  herds  express  tlieir  joy  in  hoarser  accla- 
mations ;  "man  goeth  forth  lo  his  work  and  to 
hislabor;"all  naturesmiles,  and  "  the  hills  rejoice 
on  every  side."  Without  the  influence  of  this 
august  luminary,  a  universal  gloom  would  ensue, 
and  surrounding  worlds,  with  all  their  trains  of 
satellites,  would  be  shrouded  in  perpetual  dark- 
ness. This  earth  would  become  a  lifeless  mass,  a 
dreary  waste,  a  rude  lump  of  inactive  matter, 
without  beauty  or  order.  No  longer  should  we 
behold  the  meadows  clothed  with  verdure,  the 
flowers  shedding  their  perfumes,  or  "  the  valleys 
covered  with  corn."  The  feathered  songsters 
would  no  longer  chant  their  melodious  notes  ;  all 
human  activity  would  cease  ;  universal  silence 
would  reign  undisturbed,  and  this  huge  globe  of 
land  and  water  would  return  to  its  original  chaos. 

Hence  it  appears  that  there  is  asuflieient  reason 
for  the  creation  of  this  powerful  luminary, 
although  no  sensitive  or  intelligent  beings  of  any 
description  were  placed  on  its  surface.  But,  at 
the  same  time,  when  we  consider  the  infinite  wis- 
dom and  intelligence  of  the  Divine  mind,  and  that 
the  thoughts  and  the  ways  of  God  as  far  surpass 
the  thoughts  of  man  as  the  heavens  in  hight  sur- 
pass the  earth  ;  when  we  consider  that  animated 
beings  on  our  own  globe  are  found  in  situations 
where  we  should  never  have  expected  them  ;  that 
every  puddle  and  marsh,  and  almost  every  drop 
of  water,  is  crowded  with  living  beings;  and  that 
even  the  very  viscera  in  the  larger  animals  can 
afford  accommodation  for  sentient  existence,  it 
vvould  be  presumptuous  in  man  to  uffnm  that  the 
Creator  has  not  placed  innumerable  orders  of  sen- 
tient and  intelligent  beings,  with  senses  and 
constitutions  accommodated  to  their  situations, 
throughout  the  ex])ans)ve  regions  of  tlie  sun. 

]'.  has  been  a  question  which  has  exercised  the 
attention  of  some  astronomers,  u-hetlier  tlie  solar 
phenomena  have  any  effect  upon  the  tcealher,  or  the 
productiveness  of  our  seasons.  Sir  W .  Herschel 
was  of  opinion,  that  when  the  corrugations  and 
openings  of  the  solar  atmosphere  are  numerous, 
the  heat  emitted  by  the  sun  must  be  proportiona- 
bly  increased,  and  that  this  augmentation  must 
be  perceptible  by  its  effects  on  vegetation  ;  and, 
by  comparing  the  solar  appearances  as  given  by 
La  Lande  with  the  table  of  the  price  of  wheat  in 
Smith's  "Wealth  of  Nations,"  he  obtaiaed  results 


v/hich  he  considered  as  favorable  to  his  hypothe- 
sis. But  it  is  evident  that  we  are  not  yet  in  pos- 
session of  such  a  series  of  facts  in  relation  to  this 
subject  as  will  warrant  us  to  draw  any  general 
conclusions.  Beside,  we  know  too  liUle  of  the 
construction  of  the  sun,  and  the  nature  of  those 
processes  which  are  going  on  in  its  atmosphere,  to 
be  able  to  determine  the  proi)oriiou  of  light  and 
heat  which  particular  phenomena  indicate.  So 
far  as  my  own  observation  goes,  I  should  be  dis- 
posed to  adopt  an  opposite  conclusion,  namely, 
that  in  those  years  when  the  spots  of  the  sun  are 
numerous,  the  seasons  are  colder  and  more  unpro- 
ductive of  vegetation.  This  was  remarkably  llie 
case  in  the  year  1816,  when  the  solar  spots  were 
extremely  numerous,  and  when  the  harvest  was 
so  late  and  scanty,  that  the  price  of  all  kinds  of 
grain  was  more  tlian  double  what  it  had  been  be- 
fore or  what  it  has  been  since.  The  year  1836, 
and  the  present  year,  1837,  afFord  similar  exam- 
ples ;  for,  during  eighteen  months  past,  the  solar 
spots  have  been  more  numerous  than  in  any  otiier 
period  in  my  recollection  ;  and  the  cold  of  the 
summer  and  harvest  of  l6oC,  and  of  the  winter 
and  spring  of  lb37,  and  its  unfavorable  effects  on 
vegetation,  were  greater  than  what  had  been 
expeiiencid  for  more  than  twenty  years  before. 
But  on  this  point  we  are  not  yet  warranted  to 
draw  any  positive  conclusions.  Before  we  can 
trace  any  general  connection  between  the  solar 
spots  and  the  temperature  and  vegetation  of  our 
globe  in  any  particular  season,  we  must  endeavor 
to  ascertain  the  effects  produced  on  vegetation  not 
only  in  two  or  three  particular  countries  which 
lie  adjacent  to  each  other,  but  over  all  the  regions 
of  the  earth.  It  may  be  proper  to  direct  our 
future  observations  to  this  point,  as  they  might 
probably  lead  to  some  important  results  ;  but  a 
considerable  period  behooved  to  elapse  before 
we  could  be  warranted  to  deduce  any  definite 
conclusions. 

Whei'ier  the  sun  has  a  progressive  viotion  in  abso- 
lute space  is  another  question  wliich  has  engaged 
the  attention  of  astronomers.  If  the  sun  have 
such  a  motion  directed  to  any  quarter  of  the  hea- 
vens, the  stars  in  that  quarter  must  apparently 
recede  from  each  other,  while  those  in  the  oppo- 
site region  will  seem  gradually  to  approach.  Sir 
W.  Herschel  found  that  the  apparent  proper  mo- 
tion of  forty-four  stars  out  of  fifty-six  are  very 
nearly  in  the  direction  which  should  result  from 
a  motion  of  the  sun  toward  the  constellation 
Hercules,  or  to  a  point  of  the  heavens  wliose  right 
ascension  is  250°  52],<  ',  and  north  declination 
490  38'.  "No  one," "says  Sir  John  Herschel, 
"  who  reflects  with  due  attention  on  the  subject, 
will  be  inclined  to  deny  the  high  probability,  nay,  1 
certainty,  that  the  sun  has  a  pro[)er  motion  in  I 
some  direction."  But  it  appears  to  be  yet  uuile- 
termiued  by  modern  astronomers  to  what  point  in 
the  heavens  this  motion  is  directed,  and  whether 
it  be  in  a  straight  line  or  in  a  portion  of  the  cir- 
cumference of  an  immense  circle  If  the  sue, 
then,  has  a  proper  motion  in  space,  all  the  plane- 
tary bodies  and  their  satellites,  along  with  the 
comets,  must  partake  of  it  ;  so  that,  beside  their 
own  proper  motions  around  this  luminary,  they 
are  likewise  carried  along  with  the  sun  through 
the  depths  of  infinite  space  with  a  velocity  per- 
haps as  great  as  that  with  which  they  are  carried 
round  in  their  orbits.  Our  earth  will  therefore 
partake  of  three  motions:  one  round  its  axis, 
another  round  the  sun,  and  a  third  in  the  direction 
in  which  the  sun  is  moving,  and,  consequently,  it 
is  probable  that  we  shall  never  again  occupy  that 
portion  of  absolute  space  through  which  we  aro 
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now  passing  fnrougliout  all  the  succeeding  periods 
of  eternity 

The  Zodiacal  Liyht. — The  zodiacal  light  is  a 
phenomenon  wliich  has  been  generally  considered 
as  connected  vvitli  the  sun.  The  light  appears  to 
has'c  been  noticed  by  Mr.  Childrey  about  the 
year  1660;  but  it  was  afterward  more  particularly 
noticed  and  described  by  Cassini  in  the  spring  of 
1683,  which  was  the  first  time  he  had  seen  it,  and 
he  observed  it  for  about  eight  days.  It  appears 
generally  in  a  conical  form,  having  its  base  direct- 
ed toward  the  body  of  the  sun  and  its  point  to- 
ward some  star  in  tlie  zodiac.  Its  light  is  like  the 
milky  way,  or  that  of  the  faint  twilight,  or  the 
tail  of  a  comet,  thin  enough  to  let  the  stars  be 
seen  through  it,  and  seems  to  surround  tiie  sun  in 
the  form  of  a  lens,  the  plane  of  which  is  nearly 
coincident  with  the  plane  of  the  sun's  equator. — 
The  apparent  angular  distance  of  its  vertex  from 
the  sun  varies  from  40  to  90  degrees,  and  the 
breadth  of  its  base,  perpendicular  to  its  axis,  from 
8  to  30  degrees.  It  is  supposed  to  extend  beyond 
the  orbit  of  Mercury,  and  even  as  far  as  that  of 
Venus,  but  never  so  far  as  the  orbit  of  the  earth. 
This  light  is  weaker  in  the  morning  when  day  is 
coming  on  than  at  night  when  darkness  is  increa- 
sing, and  it  disappears  in  full  moonlight  or  in 
strong  twilight.  In  north  latitudes  it  is  most  con- 
spicuous after  the  evening  twilight  about  the  end 
of  February  and  the  beginning  of  March  ;  and 
before  the  appearing  of  the  morning  twilight, 
about  the  beginning  of  October ;  for  at  those 
times  it  stands  most  erect  above  the  horizon,  and 
is  therefore  farthest  removed  from  the  thick  va- 
pors and  the  twilight.  About  the  time  of  the 
winter  solstice  it  may  likewise  be  seen  in  the 
mornings;  but  it  is  seldom  perceptible  in  summer 
on  account  of  tiie  long  twiliglits.  It  is  more 
easily  and  more  frequently  perceived  in  tropical 
cUmates,  and  particularly  near  the  equator,  than 
in  our  country,  because  in  tliose  parts  the  obliqui- 
ty of  the  equator  and  zodiac  to  the  horizon  is  less, 
and  because  the  duration  of  twilight  is  much 
shorter.  Humboldt  observed  this  light  at  Caraccas, 
on  the  18th  of  January,  after  seven  o'clock  in  the 
evening.  The  point  of  the  pyramid  was  at  the 
hight  of  53  degrees;  and  the  light  totally  disap- 
peared about  lialf  past  nine,  about  3^,^  hours  after 
sunset,  without  any  diminution  in  tlie  serenity  of 
the  sky.  On  the  15th  of  February  it  disappeared 
2  hours  and  50  minutes  after  sunset,  and  the  alti- 
tude of  the  pyramid  ou  both  these  occasions  was 


50  degrees.  The  following  figure  exhibits  a  view 
of  this  phenomenon  as  it  is  seen  about  the  begin- 
ning of  March,  at  seven  o'clock  iu  the  evening, 


Fig.  77. 
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when  the  twilight  is  ending,  and  the  equinoctial 
point  in  the  horizon.  A  B  represents  the  hori- 
zon ;  CD  the  base  of  the  luminous  triangle  ;  and 
E  its  apex,  pointing  toward  the  Pleiades  or  tha 
star  Aldebaran,  its  axis  forming  an  angle  of  be- 
tween 60  and  70  degrees  with  the  horizon. 

Various  opinions  have  been  entertained  as  to 
the  cause  of  this  phenomenon;  but  as  it  uniformly 
accompanies  the  sun,  it  has  been  generally  ascribed 
to  an  atmosphere  of  immense  extent  surrounding 
that  luminary,  and  extending  beyond  the  orbit  of 
Mercury.  According  to  this  opinion,  the  zodiacal 
light  is  considered  as  a  section  of  this  atmosphere; 
but  this  opinion  now  appears  extremely  dubious. 
Pi'ofessor  Olmsted,  of  Yale  College,  the  celebrated 
Arago,  Biot,  and  others,  are  now  disposed  to  iden- 
tify this  phenomenon  v/ilh  the  cause  that  pro- 
duces the  "  November  Meteors,"  or  shooting  stars, 
which  have,  of  late,  excited  so  great  a  degree  of 
public  attention.  It  appears  highly  probable  that 
these  meteors  derive  their  origin  from  a  nebulous 
body  which  revolves  round  the  sun,  and  which, 
in  certain  parts  of  its  course,  comes  very  near  tha 
orbit  of  the  earth,  so  as  to  be  within  its  attractive 
power;  and  if  such  a  body  be  the  source  whenca 
these  meteors  proceed,  it  may  also  account  for  the 
phenomena  of  the  zodiacal  light.  The  subject  is 
wortliy  of  particular  attention,  and  future  obser- 
vations may  not  only  throw  light  on  this  particu- 
lar phenomenon,  but  open  to  our  view  a  species 
of  celestial  bodies  with  which  we  were  formerly 
unacquainted. 


CHAPTER    IV. 

ON  THE  SECONDARY  PLANETS  OR  MOONS. 


Having,  in  the  preceding  chapter,  given  a  de- 
tailed account  of  the  phenomena  connected  with 
the  sun  and  the  primary  planets  of  our  system,  I 
shall  now  proceed  to  a  brief  description  of  what 
is  known  in  reference  to  the  satellites  or  moons 
which  accompany  several  of  the  primary  planets. 

A  secondary  planet  or  satellite  Is  a  body  which 
revolves  around  a  primary  planet  as  the  center  of 
its  motion,  and  which  is  at  the  same  time  carried 
along  with  its  primary  round  the  sun.  The  satel- 
lites form  a  system,  in  connection  with  their  pri- 
niaries,  similar  to  tha.^  which  the  planets  form  in 


connection  with  the  sun.  They  revolve  at  dif- 
ferent distances  from  their  primaries;  they  are 
regulated  according  to  the  laws  of  Kepler  for- 
merly alluded  to;  their  orbits  are  circles  or  ellipses 
of  very  moderate  eccentricity;  in  their  motions 
around  their  primaries  they  describe  areas  very 
nearly  proportional  to  the  times;  and  the  squares 
of  the  periodical  times  of  all  the  satellites  belong- 
ing to  each  planet  are  in  proportion  to  each  olher 
as  the  cubes  of  tlieir  disiances  (see  page  23) 
The  planets  around  which  satellites  have  been 
discovered,  are,  the   earth,  Jupiter,  Saturn,  and 
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Uranus.  Of  the  satellites  belonging  to  these 
bodies  I  shall  present  a  brief  sketcli  iu  tlie  order 
in  which  they  are  here  mentioned. 

I.    OF   THE    earth's   SATELLITE,  OR   THE   MOON. 

Before  proceeding  to  a  particular  description  of 
this  nocturnal  luminary,  I  shall  present  a  brief 
sketch  of  its  apparent  motions. 

The  moon,  like  all  the   other  celestial  bodies, 
appears  daily  to  rise  in  an  easterly  direction,  and 
to  set  in   the  western  parts  of  the  horizon.     Its 
apparent  motion  in  this  respect  is  similar  to  that 
of  the   sun,  formerly  described,  and  is  owing  to 
the  diurnal  motion  of  the  earth.     Its  real  motion 
round  the  earth  is  in  a  contrarj'  direction,  namely, 
from  west  to  east,  or  in  the  same  direction   in 
which  all  the  planets  move  round  the  sun.     This 
motion  may  be  traced  every  lunation,  but  more 
distinctly  daring    the    spring  months,  when   the 
moon,  in    the    first  quarter,  appears   ia   a   high 
degree  of  north  declination,  and  when  its  crescent 
is  sometimes  visible  within  thirty-six  hours  of  the 
change.     About   this   period,  on   the   second    or 
third  day  of  the  moon's  age,  it  will  be  seen  in  the 
west  after  sunset  at  a  small  elevation  above  the 
horizon,  and  exhibiting    the   form    of  a   slender 
crescent.     On  the  next  evening  it  will  appear  at 
a  still  higher  elevation  at  the  same  hour,  having 
moved  about  thirty  degrees  farther  to  the  east, 
and    its   crescent  will  appear   somewhat   larger. 
Every  succeeding  day  it  will  appear  at  a  greater 
slevation,  and  farther  to  the  east  than  before,  and 
its  crescent  will   appear  larger,  until  about  the 
seventh  or  eighth  day,  when  it  will  be  seen  iu  the 
south  when  the  sun  is  setting  in  the  we_-it,  at  which 
time  it  assumes  the  appearance  of  a  semicircle,  or 
half  moon.     During  this  period  the  horns  of  the 
crescent  point   toward  the  east,  the  enlighten'^d 
part  of  the  lunar  disc  being  turned  toward   the 
sun.     After  the  first  quarter,  or  the   period  of 
half  moon,  the  lunar  orb  still  keeps  on  its  course 
to  the  eastward,  and  the  portion  of  its  enlightened 
disc  is  gradually  enlarged,  until  about  the  tifteeath 
day  of  the  moon's  age,  when  it  appears  as  a  full 
enlightened   hemisphere,    and    rises    in    the   east 
about  the  time  when   the   sun  is  setting  in  the 
west.     In  this  position  it  is  said  to  be  in  opposition 
to  the  sun,  and  passes  the  meridian  about  mid- 
night.    After  this  period  the  enlightened  part  of 
its  disc  gradually  diminishes,  and  it  rises  at  a  late 
hour,  until,  in  the  course  of  seven  days,  it  is  again 
reduced  to  a  semicircle,  and  is  seen  only  during 
one   half    of    the    night.     Some    nights   after    it 
appears  reduced  to  a  crescent,  having  its  points 
or  horns  turned  toward  the  west,  the  sun  being 
then  to  the  east  of  it.     After  this  it  rises  but  a  little 
time  before  the  sun,  and  is  seen  onlj'  early  in  the 
morning;  and  its  crescent  daily  diminishes  until  it 
at  length  disappears,  when  it  rises  at  the  same  time 
with  the  sun;  and  after  having  been  invisible  for 
two  orthree  days,  it  reappears  in  the  eveniiigin  the 
west  a  little  after  sunset.     During  this  period  tlie 
moon    has   made  a  complete   circuit   round    the 
heavens  from  west  to  east,  which  is  accomplislied 
in  twenty-nine  days  and  a  half,  in  which  period 
it  passes  through  all  the  phases  now  described. 
The  progressive  motion  from  west  to  east,  every 
day,  may  be  traced  by  observing  the  stars  which 
lie  nearly  in  the  line  of  the  moon's  course.     If  a 
star  be  observed  considerably  to  the  eastward  of 
the  moon  on  any  particular  evening,  on  the  fol- 
lowing evening  it  will  appear  about  thirteen  de- 
grees nearer  the  star,  and  will  afterward  pass  to 
the  eastward  of  it,  and  every  succeeding  day  will 
approach  nearer  to  all  the  other  stars  which  lie 


near  the  line  of  its  course  to  the  eastward  The 
reason  why  the  moon  ai)pears  under  the  d-^Jereut 
phases  now  described  will  appear  from  llie  fol- 
lowing figure. 

In  this  diagram  S  represents  the  sun;  E  the 
earth;  and  M,  A,  B,  C,  D,  F,  G,  H,  the  moon  in 
ditlerent  positions  in  its  orbit  round  the  earth. 
When  the  moon  is  at  M,  as  seen  from  the  earth, 
her  dark  side  is  completely  turned  to  the  earth; 
and  she  is  consequently  invisible,  as  at  /,  being 

Yiii.  78. 


nearly  in  the  same  part  of  the  heavens  with  tha 
sun.  She  is  in  this  position  at  the  period  termed 
■new  moon,  when  she  is  also  said  to  be  in  conjunc- 
tion with  the  sun.  When  she  has  moved  from  M 
to  vi  a  small  part  of  her  enlightened  hemisphere 
is  turned  toward  the  earth,  when  she  appears  in 
the  form  of  a  crescent,  as  at  K.  In  moving  from 
A  to  B  a  larger  portion  of  her  enlightened  hemi- 
sphere is  gradually  turned  toward  the  earth;  and 
when  she  arrivi's  at  B  the  one-half  of  her  en- 
lightened hemisphere  is  turned  to  the  earth,  and 
slie  assumes  the  figure  of  a  half  moon,  as  at  L. 
When  arrived  at  C  she  appears  under  what  is 
called  a  gibliotis  phase,  as  at  N,  more  than  one- 
lialf  of  her  onlight.'ned  disc  being  turned  to  tha 
earth.  At  D  h.er  whole  enligiitened  hemisphere 
is  turned  to  our  view,  and  she  appears  a  full 
moon,  as  at  O.  After  this  period  she  again  de- 
creases, turning  every  day  less  and  less  of  her 
enlightened  hemisphere  to  ihe  earth,  so  that  at  F 
she  appears  as  at  P;  at  G  a  half-moon  on  the 
decline,  as  at  Q;  at  H  a  crescent,  as  at  R;  and  at 
M  she  is  again  in  conjunction  with  the  sun,  v/hen 
her  dark  side  is  turned  to  the  earth  as  before. 
The  moon  passes  through  all  these  changes  iu 
twenty-nine  days,  twelve  hours,  and  forty-four 
minutes,  at  an  average,  which  is  termed  her 
synodical  revolution.  But  the  time  which  she 
fakes  in  making  one  revolution  round  the  earth, 
from  a  fixed  star  to  the  same  again,  is  only  twenty- 
seven  days,  seven  hours,  ami  forty-three  minutes, 
which  is  called  her  periodical  revolution.  For, 
after  one  revolution  is  finished,  she  has  a  small 
arc  to  describe  in  order  to  get  between  the  sua 
and  the  earth;  because,  in  consequence  of  the 
earth's  motion  in  the  same  direction,  the  sun 
appears  to  be  advancing  forward  in  the  eclip- 
tic, and,  of  course,  tlie  moon  requires  some 
time  to  overtake  him,  afl^r  having  finished  a 
revolution.      Tliis    surplus  of   niotioa  occupies 
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two  days,  five  hours,  and  one  minute,  which, 
added  to  the  periodical,  make  the  synodical  revo- 
lution, or  tlie  period  between  one  new  or  full 
moon  and  another.  This  might  be  illustrated  by 
the  revolution  of  the  hour  and  njinute-hands  of 
a  watch  or  clock.  Suppose  the  hour-hand  to 
represent  the  sun,  and  a  complete  revolution  of 
it  to  represent  a  year;  suppose  the  minute-hand 
to  represent  the  moon,  and  its  circuit  round  the 
dial-plate  a  month,  it  is  evident  that  the  moon  or 
minute-hand  must  go  more  than  round  the  circle 
where  it  was  last  conjoined  with  the  sun  or  hour- 
hand  before  it  can  again  overtake  it.  If,  for  ex- 
ample, they  were  in  conjunction  at  12,  the  mi- 
nute-hand or  moon  must  make  a  comi)lete  revo- 
lution and  above  one-twelftii  before  they  can 
meet,  a  little  past  I;  for  the  hour-hand,  being  in 
motion,  can  never  be  overtaken  by  the  minute- 
hand  at  that  point  froin  which  they  started  at 
their  last  conjunction. 

To  a  spectator  placed  on  the  lunar  surface,  the 
earth  would  every  month  exhibit  all  the  phases  of 
the  moon,  but  in  a  reverse  order  from  what  the 
moon  exhibits  to  the  earth  at  the  same  time.  Thus 
(Fig.  78),  when  the  moon  is  at  D  only  the  dark 
hemisphere  of  the  earth  is  turned  toward  the 
moon,  and,  consequently,  the  earth  would  be  then 
invisible;  so  that  when  it  is  full  moon  to  us,  it 
is  new  moon  to  a  lunar  inhabitant;  as  the  earth 
will  then  be  in  conjunction  with  the  sun,  and 
nothing  but  its  dark  hemisphere  presented  to  view. 
When  the  moon  is  at  P  a  small  portion  of  the 
enlightened  half  of  the  earth  is  turned  toward  the 
moon,  and  it  appears  as  a  crescent.  When  she  is 
at  Q  the  earth  appears  as  a  half-moon;  when  at 
i?,a  gibbous  phase;  and  when  she  is  at  I, the  time 
of  new  moon  to  us,  the  earth  then  shines  on  the 
dark  side  of  the  moon  with  a  full  enlightened 
hemisphere.  It  is  owing  to  this  circumstance, 
that  when  the  new  moon  first  appears  like  a  slen- 
der crescent,  her  dark  hemisphere  is  seen  illu- 
minated with  a  faint  light,  perceptible  even  to  the 
naked  eye;  and  with  tiie  help  of  a  telescope  we 
are  enabled,  by  this  faint  illumination,  to  distin- 
guish the  prominent  spots  on  this  portion  of  the 
lunar  disc.  This  faint  light,  therefore,  is  nothing 
else  than  the  moonUijht  of  the  moon,  produced  by 
the  earth  shining  with  nearly  a  full  face  upon  the 
dark  surface  of  the  moon.  And  as  the  surface  of 
the  earth  is  thirteen  limes  lai-ger  than  the  surface 
of  the  moon,  the  light  reflected  from  the  earth 
will  be  nearly  equal  to  that  of  thirteen  full  moons. 
As  the  age  of  the  moon  increases,  this  secondary 
light  is  gradually  enfeebled,  and  after  the  seventh 
or  eighth  day  from  the  change  it  is  seldom  visible. 
This  arises  from  the  diminution  of  the  enlightened 

Eart  of  tlie  earth,  which  then  appears  only  like  a 
alf-moon,  approaching  to  a  crescent,  and  conse- 
quently, throws  a  more  feeble  light  upon  the 
moon,  which  is  the  more  difficult  to  be  perceived 
as  the  enlightened  part  of  tlie  moon  increases. 

Rotation  of  the  Moon. — While  the  moon  is  per- 
forming her  revolution  round  the  earth  every 
month,  she  is  also  gradually  revolving  round  her 
axis;  and  it  is  somewhat  remarkable  tliat  her 
revolution  round  her  own  axis  is  performed  in  the 
same  time  as  her  revolution  round  the  earth.  This 
is  inferred  from  the  circumstance  that  the  moon 
alicays  turns  the  same  face  to  the  earth,  so  that  we 
never  see  the  other  hemisphere  of  this  globe.  For 
if  the  moon  had  no  rotation  upon  an  axis,  she 
would  present  every  part  of  her  surface  to  the 
earth.  This  does  not,  at  first  sight,  appear  obvious 
to  those  who  have  never  directed  their  attention 
to  the  subject.  Any  one,  however,  may  convince 
himself  of  the  fact  by  standing  in  the  center  of  a 


circle,  and  causing  another  person  to  carry  round 
a  terrestrial  globe,  without  turning  it  on  ils  axis, 
when  he  will  see  every  part  of  the  surface  of  the 
globe  in  succession;  and  in  order  that  one  hemi- 
spiiere  only  should  be  presented  to  his  view,  ha 
will  find  that  the  globe  will  require  to  be  gradually 
turned  round  its  axis,  so  as  to  make  a  complete 
rotation  during  the  time  it  is  carried  round  the 
circle.  The  axis  of  the  moon  is  inclined  88^  29' 
to  the  ecliptic,  so  tliat  it  is  nearly  perpendicular 
to  it.  Although  the  moon  presents  nearly  the 
same  side  to  the  earth  in  all  its  revolutions  around 
it,  yet  there  is  perceived  a  certain  slight  variation 
in  this  respect.  When  we  look  attentively  at  the 
disc  of  the  moon  with  a  telescope,  we  sometimes 
observe  the  spots  on  her  eastern  limb,  which  were 
formerly  visible  concealed  behind  her  disc,  while 
others  appear  on  her  western  limb  which  were 
not  seen  befoie.  The  spots  which  appear  on  the 
western  limb  withdraw  themselves  behind  the  limb, 
while  the  spots  which  were  concealed  behind  the 
eastern  limb  again  appear.  The  same  phenomena 
are  observed  in  the  north  and  south  limb  of  the 
moon,  so  that  the  spots  sometimes  change  their 
positions  about  three  minutes  on  the  moon's  disc, 
or  about  the  eleventh  part  of  her  diameter.  This 
is  termed  the  lihration  of  the  moon;  the  one  her 
libration  in  longitude,  and  the  other  her  lihration 
in  latitude. 

From  what  we  have  stated  above  in  relation  to 
the  phases  and  motions  of  the  moon,  it  is  evident 
that  the  moon  is  a  dark  body,  like  the  earth,  and 
derives  all  its  light  from  the  sun,  for  its  enlighten- 
ed side  is  always  turned  toward  that  luminarj'.  It 
likewise  derives  a  faint  light  by  the  reflection  of 
the  sun's  rays  from  the  earth,  in  the  same  way  as 
we  derive  a  mild  light  from  the  moon.  And  as 
^|ie  earth  has  an  uneven  surface,  composed  of 
mountains  and  vales,  so  the  moon  is  found  to  be 
diversified  with  similar  inequalities.  It  is  owing 
to  these  inequalities,  or  the  roughness  of  the 
moon's  surface,  that  the  light  of  the  sun  is  reflect- 
ed from  it  in  every  direction;  for,  if  the  surface  of 
the  moon  were  perfectly  smooth,  like  a  polished 
globe  or  speculum,  her  orb  would  be  invisible  to 
us;  except,  perhaps,  at  certain  times,  when  the 
image  of  the  sun,  reflected  from  it,  would  appear 
like  a  bright  lucid  point.  This  may  be  illustrated 
by  the  following  experiment.  Place  a  silver  globe, 
perfectly  polished,  about  two  inches  diameter,  in 
the  sun;  the  rays  which  fall  upon  it  bei!!g  reflect- 
ed variously,  according  to  their  several  incidences, 
upon  the  convex  surface,  will  come  to  our  eye 
only  from  one  point  of  the  globe,  which  will 
therefore  appear  a  small  bright  spot,  but  the  rest 
of  the  surface  will  appear  dark.  Let  this  globe 
then  be  boiled  in  the  liquor  used  for  whitening 
silver,  and  placed  in  the  sun;  it  will  appear  in  its 
full  dimensions  all  over  luminous;  for  the  effect 
of  that  liquor  is  to  take  off  the  smoothness  of  the 
polish,  and  make  the  surface  rough,  and  tliea 
every  point  of  it  will  reflect  the  rays  of  light  iu 
every  direction. 

The  moon  is  nearest  to  the  earth  of  all  the  ce- 
lestial bodies,  and  is  a  constant  attendant  upon  it 
at  all  seasons.  Her  distance  from  the  center  of 
the  earth  is,  in  round  numbers,  240,000  miles,  or 
somewhat  less  than  a  quarter  of  a  million;  which 
is  little  more  than  the  fourth  part  of  the  diameter 
of  the  sun.  Small  as  this  distance  is  compared 
with  that  of  the  other  planets,  it  would  require 
five  hundred  days,  or  sixteen  months  and  a  half, 
for  a  steam-carriage  to  move  over  the  interval 
which  separates  us  from  the  lunar  orb,  although  it 
were  moving  day  and  night  at  the  rate  of  twenty 
miles  every  hour.     In  her  motion  round  the  earth 
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every  month,  slic  pursues  Iier  course  at  the  rate  [ 
of  2300  miles  an  hour.     But  she  is  carried  at  the 
same  time,  alou<r  with  the  earth,  round   the   sun  j 
every  year,  so   that   her  real  motion  in  space  is  j 
mucli  more  rapid  than  what  has  now  been  stated; 
or  wliile  she  accompanies  tiie  earth  in  its  motion 
round  tlie  sun,  which  is  at  tlie  rate  of  68,000  miles 
an  hour,  slie  also  moves  thirteen  times  round  the  1 
earth  during  the  same  period,  wliich  is  equal  to  a 
course  of  nearly  twenty  millions  of  miles.  | 

The  moon's  orhit  is  inclined  to  the  ecliptic  in  j 
an  angle  of  5°  9';  so  that,  in  one  part  of  her  j 
course,  she  is  above,  and  in  another  below  the  j 
level  of  the  earth's  orl/it.  It  is  owing  to  this  cir-  | 
cumstance  that  this  orb  is  not  eclipsed  at  every 
full  moon  and  the  sun  at  every  new  moon,  which 
would  regularly  happen  did  the  moon  move  in  an 
orbit  exactly  coincident  with  the  plane  of  the 
ecliptic.  The  moon's  orbit,  of  course,  crosses  the 
Dibit  of  the  earth  in  two  opposite  points,  called 
her  nodes;  and  it  is  only  when  the  new  or  full 
moon  happens  at  or  near  these  nodes  that  an 
eclipse  of  the  sun  or  moon  can  take  place;  for  it 
is  only  when  she  is  in  such  a  position  that  the 
sun,  "the  moon,  and  the  earth  are  nearly  in  a 
straight  line,  and  tliat  the  shadow  of  the  one  can 
fall  upon  the  other.  The  shadow  of  the  moon 
falling  upon  any  part  of  the  earth  produces  an 
eclipse  of  the  sun,  and  the  shadow  of  the  earth 
falling  upon  tlie  moon  causes  an  eclipse  of  the 
moou.  An  eclipse  of  the  moon  can  only  take 
place  at  full  moon,  when  the  earth  is  between  the 
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Bun  and  the  moon;  and  an  eclipse  of  the  sun  can 
only  happen  at  new  moor),  when  the  moon  comes 
between  the  sun  and  the  earth.  Lunar  eclipses 
are  visible  in  all  parts  of  the  earth  which  have  the 
moon  above  their  hoi'zon,  and  are  everywhere  of 
the  same  magnitude  and  duration;  but  a  solar 


eclipse  is  never  seen  throughout  the  whole  heml* 
sphere  of  the  earth  where  the  sun  is  visible;  as 
the  moon's  disc  is  too  small  to  hide  the  wholi?,  or 
any  part  of  the  sun  from  the  whole  disc  or  hemi- 
sphere of  the  earth.  Nor  does  an  eclipse  of  the 
sun  appear  the  same  in  all  parts  of  the  earth  where 
it  is  visible,  but  when  in  one  place  it  is  total,  ill 
another  it  is  only  partial. 

The  moon's  orbit, like  those  of  the  other  planets, 
is  in  the  foi'm  of  an  ellipse,  the  eccentricity  of 
which  is  12,UG0  miles,  or  about  1-37 th  part  of  its 
longest  diameter.  The  moon  is,  therefore,  at  dif- 
ferent distances  from  the  earth  in  ditTerent  parts 
of  her  orbit.  When  at  the  greatest  distance  from 
the  earth,  she  is  said  to  be  in  her  apogee;  when  at 
the  least  distance,  in  her  ;jfri^ee.  The  nearer  the 
moon  is  to  the  periods  of  full  or  change,  tho  greater 
is  her  velocity;  and  the  nearer  to  the  quadratures, 
or  the  periods  of  half-moon,  the  slower  she  moves 
When  the  earth  is  in  vis  perihelion,  or  nearest  the 
sun,  the  periodical  time  of  the  moon  is  the  great- 
est. The  earth  is  at  its  perihelion  in  winter,  and, 
consequently,  at  that  time  the  moon  will  describe 
the  largest  circle  about  the  earth,  and  her  periodi- 
cal time  will  be  the  longest;  but  when  the  earth 
is  in  its  aphelion,  or  farthest  from  the  sun,  which 
happens  in  summer,  she  will  describe  a  smaller 
circle,  and  her  periodical  time  will  be  the  least;  all 
which  circumstances  are  found  to  agree  Avith 
observation.  These  and  many  other  irregularities 
in  the  motion  of  this  orb,  which  it  would  be  too 
tedious  to  particularize,  arise  from  the  attractive 
influence  of  the  eun  upon  the  lunar  orb  in  diiFer- 
ent  circumstances  and  in  different  parts  of  jts 
course,  so  as  to  produce  different  degrees  of 
accelerated  and  retarded  motion.  The  irregulari- 
ties of  the  moon's  motion  have  frequently  puzzled 
astronomers  and  mathematicians,  and  they  render 
the  calculations  of  her  true  place  in  the  heavens 
a  work  of  considerable  labor.  No  less  than  thirty 
equations  require  to  be  applied  to  the  mean  longi- 
tude in  order  to  obtain  the  true,  and  about  twenty- 
four  equations  for  her  latitude  and  parallax;  but 
to  enter  minutely  into  such  particulars  would 
afford  little  satisfaction  to  general  readers. 

Description  of  the  surface  of  the  Moon,  as  S'.en 
through  telescopes. — Of  all  the  celestial  bodies,  thi 
telescopic  view  of  the  moon  presents  the  most  in- 
teresting and  variegated  appearance.  We  per- 
ceive, as  it  were,  a  map  or  model  of  another 
world,  resembling  in  some  of  its  prominent  fea- 
tures the  world  in  which  we  dwell,  but  dift'ering 
from  it  in  many  of  its  minute  arrangements.  It 
bears  a  certain  analogy  to  the  earth  in  some  of  the 
mountains  and  vales  which  diversify  its  surface; 
but  the  general  form  and  arrangement  of  these 
elevations  and  depressions,  and  the  scenery  they 
present  to  the  spectator  on  tlie  lunar  surface,  are 
very  different  from  what  we  behold  in  our  terres- 
trial landscapes.  When  vve  view  the  moon  with 
a  good  telescope  when  about  three  days  old,  we 
perceive  a  number  of  elliptical  spots  with  slight 
shadows,  evidently  indicating  elevations  and  de- 
pressions; we  also  perceive  a  number  of  bright 
specks  or  studs  in  the  dark  Hemisphere,  imme- 
diately adjacent  to  the  enlightened  crescent,  and 
the  boundary  l)etween  the  dark  and  the  enl'ght- 
ened  portion  of  the  disc  appears  jagged  and  un- 
even. At  this  time,  too,  we  perceive  the  dark 
part  of  the  moon  covered  with  a  faint  light;  so 
that  the  whole  circular  outline  of  the  lunar  hemi- 
sphere may  be  plainly  discerned.  When  wo  take 
a  view  of  the  lunar  surface,  at  the  period  of  half 
moon,  we  behold  a  greater  variety  of  objects,  and 
the  shadows  of  the  mountains  and  caverns  appear 
larger   and   more   prominent.      This   is,    on   tho 
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whole,  the  best  time  for  taking  a  telescopic  view 
of  the  surface  of  the  moon.  When  we  view  her 
when  advanced  to  a  gibbous  phase  we  see  a  still 
greater  extent  of  tiie  surface,  but  the  shadows  of 
the  different  objects  are  shorter  and  less  distinct. 
At  the  time  of  full  moon,  no  shadows  either  of 
the  mountains  or  caverns  are  perceptible,  but  a 
variety  of  dark  and  bright  streaks  and  patches 
appear  distributed  in  different  shapes  over  all  its 
surface.  If  we  had  no  other  view  of  the  moon 
but  at  this  period,  we  should  scarcely  be  able  to 
determine  whether  mountains  and  vales  existed 
on  this  orb.  4'he  view  of  tha  full  moon,  there- 
fore, however  beautiful  and  variegated,  can  give 
us  no  accurate  idea  of  the  mountains,  vales,  cav- 
erns, and  other  geographical  arrangements  which 
diversify  its  surface. 

Lunar  Mountains. — That   the   surface    of    the 
moon   is  diversified  with  mountains  or  high  ele- 
vations,   is   evident    from   an    inspection    of    its 
disc,  even  with  a  common  telescope.     They  are 
recognized  from  various  circumstances.     1.  From 
the  appearance  of  the  boundary  which  separates 
the  daxk  from  the  enlightened  hemisphere  of  the 
moon.     Tiiis  boundary  is  not  a  straight  line  or  a 
regular  curve,  as  it  would  be  if  the  moon  were  a 
perfectly  smooth  globe,  but  uniformly  presents  an 
uneven  or  jagged  appearance,  cut,  as  it  were,  into 
numerous  notches  and   breaks  somewhat  resem- 
bling the  teeth  of  a  saw,  which  appearance  can 
only  be  produced  by  elevations  and  depressions  on 
the  lunar  surface  (Fig.  79).     2.  Adjacent  to   the 
boundary  between  light  and  darkness,  and  within 
the  dark  part  of  the  moon,  tiiero  are  seen,  in  al- 
most every  stage  of  the  moon's  increase  and  de- 
crease, a  number  o{  shining  points  like  stars,  com- 
pletely separated  from  the  enlightened  parts,  and 
sometimes  other  small    spaces   or  streaks  which 
join  to  the  enlightened  surface,  but  run  out  into 
the  dark  side,  which  gradually  change  their  figure 
until  at  length  they  come  wholly  within  the  en- 
lightened   boundary.      These    shining    points   or 
streaks  are  ascertained  to  be  the  tops  or  highest 
ridges  of  jiiountains  which  the  sun  fiist  enliglitens 
before  his  rays  can  reach  the  valleys;  just  as  the 
beams  of  the  rising  sun  irradiate  our  mountain 
tops  before  the  lower  parts  of  the  landscape  are 
enlightened.     3.  The  shadows  of  the  mountains, 
when  they  are   fully  enlightened,  are   distinctly 
seen  near  the  border  of  the  illuminated  part  of  the 
moon,  as  the  shadows  of  elevated  objects  are  seen 
on  the  terrestrial  landscape.     These  shadows  are 
longest   and  most   distinctly  marked    about   tlie 
time  of  half-moon;  and  they  grow  shorter  as  the 
lunar  orb  advances  to  the  period  of  full  moon,  in 
the  same  way  as  the  shadows  of  terrestrial  objects 
in  summer  gradually  shorten  as  the  sun  approaches 
the  meridian.     These  considerations  demonstrate, 
beyond  the  possibility  of   doubt,  that  mountains 
of  very  considerable  altitude  and  in  vast  variety 
of  forms  abound  in  almost  every  region  of  the 
moon. 

The  lunar  mountains  in  general  exhibit  an  ar- 
rangement and  an  aspect  very  diff:'rent  from  the 
mountain  scenery  of  our  globe.  They  may  be  ar- 
ranged into  the  four  following  varieties:  1.  Insu- 
lated mountains,  which  rise  from  plains  nearly 
level,  like  a  sugar-loaf  placed  on  a  table,  and 
which  may  be  supposed  to  present  an  appearance 
somewiiat  similar  to  Mount  Etna  or  the  peak  of 
Teneriffe.  The  shadows  of  these  mountains,  in 
certain  phases  of  the  moon,  are  as  distinctly  ]ier- 
ceived  as  the  shadow  of  an  upright  staff  when 
placed  opposite  to  the  sun;  and  their  bights  can 
be  calculated  from  the  length  of  their  shadows. 
'file   hights  and  the  length  of  the  base  of  more 


than  seventy  of  these  mountains  have  been  cal- 
culated by  M  Schroeter,  who  had  long  surveyed 
the  lunar  face  with  powerful  telescopes,  and  who 
some  time  ago  published  the  result  of  his  observa- 
tions in  a  work  entitled  '"Fragnu'nts  of  iSelenogra- 
phy."  Thirty  of  these  iusulated  mountains  are 
from  2  to  5  miles  in  perpendicular  bight;  thirteen 
are  above  4  miles;  and  about  forty  are  from  a  quar- 
ter of  a  mile  to  two  miles  in  altitude.  The  length 
of  their  bases  varii-s  from  .3  Jo'  to  9G  miles  in  extent. 
Some  of  these  mountains  will  present  a  very  grand 
and  picturesque  prospect  around  the  plains  on 
which  they  stand.  2.  Ranges  of  vtountains,  ex- 
tending in  length  two  or  three  hundred  miles. 
Tlie.se  ranges  bear  a  distant  resemblance  to  our 
Alps,  Apennines,  and  Andes,  but  they  are  much 
less  in  extent,  and  do  not 
form  a  very  prominent  fea- 
ture of  the  lunar  surface. 
Some  of  them  appearvery 
rugged  and  precipitous, 
and  the  liighest  ranges  are, 
in  some  places,  above  four 
miles  in  perpendicular  al- 
titude. In  some  instan- 
ces they  run  nearly  in  a 
straight  line  from  north- 
east to  south-west,  as  in 
that  range  called  the  Ap- 
ennines; in  other  cases 
they  assume  the  form  of  a 

semicircle  or  a  crescent.  3.  Another  class  of  the 
lunar  mountains  is  the  circular  ranges  which  ap- 
pear on  almost  every  part  of  the  moon's  surface, 
particularly  in  its  southern  regions.     This  is  one 


Fig.  80. 


Fig.  81. 


Fig.  82. 


of  the  grand  peculiarities  of  the  lunar  ranges,  to 
which  we  have  nothing  similar  in  our  terrestrial  ar- 
rangements. A  plain,  and  sometimes  a  large  cavity, 
is  surrounded  with  a  circular  ridge  of  mountains, 
which  encompasses  it  like  a 
mighty  rampart.  These  an- 
nular ridges  and  plains  are  of 
all  uimensions,  from  a  mile  to 
forty  or  fifty  miles  in  diam- 
eter, and  are  to  be  seen  in 
great  numbers  over  every  re- 
gion of  the  Tiioon's  surface. 
The  mountains  which  form 
these  ridges  are  of  different 
elevations,  from  one-fifth  of  a 
mile  to  3).<  miles  in  altitude, 
and  their  shadows  sometimes 
cover  the  one-half  of  the  plain. 
These  plains  are  sometimes  on  a  level  with  the 
general  surface  of  the  moon,  and  in  other  casea 
they  are  sunk  a  mile  or  more  below  the  level  of  tha 
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ground  which  surrounds  the  exterior  circle  of  the 
mountains.  In  some  of  these  circuiiir  ridges  I  liave 
perceived  a  narrow  ;)«ss  or  opening',  as  if  intended 
to  form  an  easy  passajre  orconiniunicalion  between 
the  interior  plain  and  the  regions  beyond  the  ex- 
terior of  the  mountains.  4.  The  next  variety  is  the 
central  mmmlains,  or  those  which  are  placed  in  the 
middle  of  circular  plains.  In  many  of  the  plains 
and  cavities  surrounded  by  annular  mountains 
tiiere  is  an  insulated  mountain,  which  rises  from 
the  center  of  the  plain,  and  whose  shadow  some- 
times extends,  in  a  pyramidal  form,  across  the  semi- 
diameter  of  the  plain  to  the  opposite  ridges. 
These  central  mountains  are  generally  from  half 
a  mile  to  a  mile  and  a  iialf  in  perpendicular  alti- 
tude. In  some  instances  they  have  two  and 
sometimes  three  separate  tops,  whose  distinct 
shadows  can  be  easily  distinguished.  Sometimes 
they  are  situated  toward  one  side  of  the  plain  or 
covity,  but,  in  the  great  majority  of  instances, 
their  position  is  nearly  or  exactly  central.  The 
lengtlis  of  their  bases  vary  from  five  to  about 
fifteen  or  sixteen  miles. 

The   preceding  figures  may  perhaps  convey  a 
rude  idea  of  some  of  the  objects  now  described;  but 


it  is  impossible,  by  any  delineations,  to  convey  an 
idea  of  the  peciUiaritits  and  the  vast  variety  of 
scenery  which  the  lunar  surface  presents,  such  as 
is  exhibited  by  a  powerful  telescope  during  the 
dilTerent  stages  of  the  increase  and  decrease  of 
the  moon. 

Fig.  79  represents  the  moon  in  a  crescent  phase, 
for  the  purpose  of  showing  how  the  enlightened 
tops  of  the  moufitains  appear  on  the  dark  part  of 
the  moon,  detached  as  it  were  from  the  enlightened  j 
part,  and  likewise  to  show  how  the  boundary  be-  ' 
tween  the  light  and  darkness  appears  jagged  and  ! 
uneven,  indicating  the  existence  of  elevations  and  ! 
depressions  upon   its  surface.     Fig.  80  represents  I 
a  circular  or  elliptical  range  of  mountains,  sur-  I 
rounding  a  plain  of  tlie  same  shape,  where  the  ] 
shadow  of  that  side  of  the  range  which  is  opposite  ! 
to  the  sun  appears  covering  the  half  of  the  plain,  j 
Fig  81  represents  a  circular  plain,  with  the  sha- 
dow of  one  side  of  the  mountains  which  encom- 
pass itj  and  a  central  mountain  with  its  sliadow  1 


in  the  same  direction.  Fig.  82  exiubits  anotlier 
of  these  circular  ridges  and  plains.  Several  hun- 
dreds of  these  circular  cavities  and  plains  are  dis- 
tributed over  the  lunar  surface,  but  they  are  most 
abundant  in  the  southern  regions. 

Fig.  83  exhibits  a  pretty  correct  view  of  the  full 
moon,  as  seen  through  a  telescope  magnifying 
above  a  hundred  times,  in  whicli  the  darker  shades 
represent,  for  the  most  part,  the  level  portions  of 
the  moon's  surface,  and  tlie  lightiT  shades  those 
which  are  more  elevated  or  mouiUainous.  The 
bright  spot  near  the  bottom,  from  which  streaks 
or  streams  of  light  seem  to  proceed,  is  called  Tycho 
by  some,  and  Mount  Etna  by  others.  It  consists 
of  a  large  irregular  cavity,  surrounded  by  moun- 
tains; and  the  streaks  of  light  are  the  elevated 
ridges  of  raiiges  of  mountains,  which  seem  to 
converge  toward  it  as  to  a  center.  This  is  the 
most  variegated  and  mountainous  region  of  the 
lunar  surface.  Fig.  84  is  a  view  of  the  moon, 
hastily  taken,  when  in  a  gibbous  phase.  Tlie  slia- 
dows  were  then  comparatively  short,  and  it  would 
require  to  be  engraved  on  a  much  more  extensive 
scule  thau  our  page  admits  to  show  distinctly  the 
elevations  and  depressions  at  the  boundary  between 
light  and  darkness.  Fig.  85  (Nos  1  and 
2)  represent  some  detaciied  spots  near  the 
line  v^hich  separated  the  dark  and  enlight- 
ened parts  of   the  moon. 

From  what  has  now  been  stated  respect- 
ing the  lunar  mountains,  it  will  evidently 
appear  that  there  must  be  a  great  variety  of 
sul'lime  and  picturesque  scenery  connected 
with  the  various  iantlscajjes  of  the  moon. 
If  the  surface  of  that  orb  be  adorned  with  a 
diversity  of  color  and  with  something  anal- 
ogous to  the  vegetation  of  our  globe,  there 
must  be  presented  to  tlie  view  of  a  spectator 
in  the  moon  a  variety  of  scenes  altogetlicr 
dissimilar  to  those  which  we  can  contem- 
plate on  this  earth.  The  circular  plains  and 
mountains  will  present  three  or  four  varie- 
ties of  prospect,  of  which  we  have  no  exam- 
ples on  our  globe.  In  the  first  place,  a 
-iiectator  near  the  middle  of  the  plane  will 
"hold  ills  view  bounded  on  every  hand  by 
Li  chain  of  lofty  mountains,  at  the  distance 
of  5,  10,  15,  or  20  miles,  according  to  the 
diameter  of  the  plain;  and  as  the  tops  of 
these  mountains  are  at  diftorent  elevations, 
they  will  exhibit  a  varivty  of  mountain- 
scenerj-.  In  tlie  next  place,  when  standing 
on  the  top  of  the  central  mountain,  the 
whole  plain,  with  its  diversified  object?,  will 
be  open  to  his  view,  wliich  will  likewise 
take  in  all  the  variety  of  objects  connected  with 
the  circular  rnounlain-range  which  bounds  his 
prospect.  A  third  variety  of  view  will  be  pre- 
sented in  traveling  round  the  plain,  where  the 
various  aspects  of  the  central  mountain  will  pre- 
sent, at  every  stage,  a  new  landscape  and  a  diver- 
sity of  prospect.  Another  view,  slill  more  exten- 
sive, will  be  obtained  by  ascending  to  tlie  summit 
of  the  circular  range,  where  the  whole  plain  and 
its  central  mountain  will  be  full  in  view,  and  a 
proppect  will,  at  tlie  same  time,  be  opened  of  a 
portion  of  those  regions  which  lie  beyond  tha 
exterior  boundary  of  the  mountains  (see  Fig.  81). 
A  diversity  of  scenery  will  likewise  be  presented 
by  the  sha'doics  of  the  circular  range  and  tlie  cen- 
tral mountain.  When  the  sun  is  in  the  horizon, 
the  whole  plain  will  be  enveloped  in  the  shadows 
of  the  mountains,  even  after  daylight  begins  to 
appear.  These  shadows  will  grow  shorter  ant' 
shorter  as  the  sun  rises  in  the  heavens;  but  a 
space  of  time  equal  to  one  or  two   of  our  days 
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will  intervene  before  the  body  of  the  sun  is  seen 
from  ihe  opposite  side  of  the  jiluin,  rising  above 
the  mountain  tops;  and  a  still  longer 
space  of  time  before  his  direct  rays  are 
seen  at  the  opposite  extremity.  These 
sliadows  are  continually  varying;  during 
the  increase  of  the  moon  they  are  thrown 
in  one  direction,  and  during  the  decrease 
in  a  direction  exactly  opposite;  and  it  is 
only  about  the  time  of  full  moon  that 
every  part  of  the  plain,  and  the  mountains 
which  surround  it,  are  fully  enlightened, 
and  the  shadows  disappear.  There  must, 
therefore,  be  a  far  greater  variety  of  sub- 
lime mountain-scenery,  and  of  pictu- 
resque objects  connected  with  it,  on  the 
lunar  surface,  than  what  is  presented  to 
our  view  in  terrestrial  landscapes. 

The  Lunar  Caverns. — These  form  a 
very  peculiar  and  prominent  feature  of 
the  moon's  surface,  and  are  to  be  seen 
throughout  almost  every  region;  but  are 
most  numerous  in  the  south-west  part  of 
the  moon.  Nearly  a  hundred  of  ihem, 
great  and  small,  may  be  distinguished  in 
that  quarter.  They  are  ail  nearly  of  a 
circular  shape,  and  appear  like  a  very 
shallow  egcr-cuj).  The  smaller  cavities 
appear  williin  almost  like  a  hollow  cone, 
with  the  sides  tapering  toward  the  center; 
but  the  larger  ones  have,  for  the  most 
part,  flat  bottoms,  from  the  center  of 
which  there  frequently  rises  a  small  steep 
conical  hill,  which  gives  them  a  resem- 
blance to  the  annular  ridges  and  central 
mountains  above  described.  Li  some  in- 
stances their  margins  are  level  with  the 
general  surface  of  the  moon,  but  in  most 
cases  they  are  encircled  with  a  high  an- 
nular ridge  of  mountains  marked  by  lofty 
peaks.  Some  of  the  larger  of  these  cav- 
ities contain  smaller  cavities  of  the  same 
kind  and  form,  particularly  in  tiieir  sides 
mountainous  ri.iges  which  surround  these  cavities 
reflect  the  greatest  quantity  of  light;  and  hence 
that  region  of  the  moon  in  which  they  abound 
appears  brigliter  than  any  other.  From  their  lying 
in  every  possible  direction,  they  appear,  at  and 
near  the  time  of  full  moon,  like  a  number  of  bril- 
liant streaks  or  radiations.  These  radiations  ap- 
pear to  converge  toward  a  large  brilliant  spot  sur- 
rounded by  a  faint  shade,  near  the  lower  part  of 
the  moon,  which  is  known  by  the  name  of  Tyclio, 
and  which  every  one  who  views  the  full  moon, 
even  with  a  common  telescope,  may  easily  distin- 
guish. In  regard  to  their  dimensions,  they  are  of 
all  sizes,  from  three  miles  to  fifty  miles  in  diam- 
eter at  tiie  top;  and  their  depth  below  the  general 
level  of  the  lunar  surface  varies  from  one-third  of 
a  mile  to  three  miles  and  a  half.  Twelve  of  these 
cavities,  as  measured  by  Schroeter,  were  found  to 
be  above  two  miles  in  perpendicular  depth.  These 
cavities  cousi\iy\ie  a  peculiar  feature  in  the  scenery 
of  the  moon,  and  her  physical  constitution,  which 
bears  scarcely  any  analogy  to  what  we  observe  in 
the  physical  arrangements  of  our  globe.  But,  how- 
ever different  such  arrangements  may  appear  from 
what  we  see  around  us  in  the  landscapes  of  the 
earth,  and  however  unlikely  it  may  at  first  sight 
appear  that  such  places  should  be  the  abode  of  in- 
telligent beings,  I  have  no  doubt  tliat,  in  point  of 
beauty  variety,  and  sublimity,  these  spacious  hol- 
lows, with  all  their  assemblage  of  circular  and  cen- 
tral mountain-scenery,  will  exceed  in  interest  and 
grandeur  any  individual  scene  we  can  contem- 
plate on  our  g  obe     We  have  only  to  conceive 


that  such  places  are  diversified  and  adorned  with 
all  the  vegetable  scenery  which  we  reckon  bcauti- 

Fig,  84. 


Fig.  85.  (No.  2.) 


ful  and  picturesque  in  a  terrestrial  landscape,  and 
with  objects  which  are  calculated  to  reflect  with 
brilliancy  the  solar  rays,  in  order  to  give  such  au 
idea  of  the  grandeur  of  the  scene.  Aiid  that  tha 
objects  connected  with  these  hollows  are  formed 
of  substances  fitted  to  reflect  the  rays  of  liie  sun 
with  peculiar  luster,  appears  from  the  brilliancy 
which  most  of  them  exhibit  when  either  partially 
or  wholly  enlightened;  presenting  to  view,  especi- 
ally at  full  moon,  the  most  luminous  portions  of 
the  lunar  surface,  so  tliat  former  astronomers  were 
led  to  compare  them  to  rocks  of  diamond. 

Whether  there  be  any  evidence  of  Volcanoes  in 
the  Moon. — From  a  consideration  of  the  broken 
and  irregular  ground,  and  the  deep  caverns  which 
appear  in  difiercnt  parts  of  the  moon's  surface, 
several  astronomers  were  led  to  conjecture  that 
such  irregularities  were  of  volcanic  origin.  These 
conjectures  were  supposed  to  be  confirmed  by  the 
appearance  of  certain  luminous  ])oints,  which 
were  occasionally  seen  on  the  dark  ])art  of  tha 
moon.  During  the  annular  eclipse  of  the  sun  on 
the  24th  of  June,  1778,  Don  Ulloa  perceived,  near 
the  north-west  limb  of  the  moon,  a  bright  whita 
spot,  which  ho  imagined  to  be  the  light  of  the 
sun  shining  through  an  opening  in  the  moon. 
This  phenomenon  continued  about  a  minute  and 
a  quarter,  and  was  noticed  by  three  different  ob- 
servers. Beccaria  observed  a  similar  spot  in  1772. 
M.  Bode,  of  Berlin,  M.  de  Villeneuve,  M.  Nouet, 
Captain  Kater,  and  several  others,  at  difTerent 
times  observed  similar  phenomena,  some  of  which 
had  the  appearance  of  a  small  nebula,  or  a  star  of 
the  sixth  magnitude,  upon  the  dark  part  of  the 
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lunar  disc.  Sir  W.  Herschel,  in. 1787,  observed 
similar  phenomena,  which  he  ascribes  to  the  erup- 
tion of  volcanoes.  The  following  is  an  extract 
from  his  account  of  those  phenomena:  "April  19, 
1787,  IQIi.  HGin.  I  perceive  three  volcanoes  in 
different  places  of  the  dark  part  of  the  new  moon. 
Two  of  them  are  already  nearly  extinct,  or  other- 
wise in  a  state  of  goiuu;  to  break  out;  the  third 
shows  an  eruption  of  tire  or  himinous  matter. 
The  distance  of  the  crater  from  the  northern  limb 
of  the  moon  is  3'  57'';  its  light  is  much  brighter 
than  the  nucleus  of  the  comet  which  M.  Mechain 
discovered  at  Paris  on  the  10th  of  this  month." 
"April  20,  lOA.  The  volcano  burns  with  greater 
violence  than  last  night;  its  diameter  cannot  be 
less  than  three  seconds;  and  hence  the  shining  or 
burning  matter  must  be  above  three  miles  in  di- 
ameter. The  appearance  resc'mbles  a  small  piece 
of  burning  charcoal  when  it  is  covered  by  a  very 
thin  coat  of  white  ashes,  and  it  has  a  degree  of 
brightness  about  as  strong  as  that  with  which  such 
a  coal  would  be  seen  to  glow  in  faint  daylight." 

Such  are  some  of  the  phenomena  from  which 
it  has  b^^en  concluded  that  volcanoes  exist  in  the 
moon.  That  such  appearances  indicate  the  exist- 
ence of  fire  or  some  species  of  luminosity  on  the 
lunar  surface,  is  readily  admitted;  but  they  by  no 
means  prove  that  anything  similar  to  terrestrial 
volcanoes  exist  in  that  orb.  We  err  egregiously 
when  we  suppose  that  the  arrangements  of  other 
worlds  must  be  similar  to  those  on  our  globe,  es- 
pecially when  we  perceive  the  surface  of  the  moon 
arranged  in  a  manner  so  very  different  from  tiiat 
of  the  earth.  We  have  no  right  to  conclude  that 
burning  mountains  abound  in  the  moon  because 
these  are  the  only  large  streams  of  fire  that  occa- 
eionally  burst  forth  from  certain  points  on  our 
globe,  f^or  theje  are  many  other  causes  of  which 
we  are  ignorant,  and  which  may  be  peculiar  to 
the  moon,  which  may  produce  the  occasional 
g'eams  or  illuminations  to  which  we  allude.  The 
confl  tgration  of  a  large  forost,  such  as  happened 
a  few  years  ago  at  Miramichi,  the  blazing  of  large 
tracts  of  burning  heath,  the  illumination  of  a 
large  town,  or  tlie  conflagration  of  such  a  city  as 
Moscow,  would,  in  all  prot^ability,  present  to  a  spec- 
tator in  the  moon  luminous  specks  such  as  those 
which  astronomers  have  observed  on  the  dark 
portion  of  the  lunar  orb.  Such  luminosities  in  the 
moon  may  possiljly  be  of  a  phosphoric  nature,  or  a 
inere  display  of  some  brilliant  artificial  scenery  by 
the  inhabitants  of  that  planet.  Schroeter  is  of 
opinion  that  most  of  these  appearances  are  to  be 
ascribed  to  the  light  reflected  from  the  earth  to 
the  dark  part  of  the  moon's  disc,  which  returns  it 
from  the  tops  of  the  mountains  under  various 
auo-lfs;  and  with  different  degrees  of  brightness; 
and  from  various  observations  I  have  made  on 
the  dark  portion  of  the  moon,  when  about  two  or 
three  days  old,  and  from  the  degree  of  brightness 
with  which  some  of  the  small  spots  have  frequently 
apj)cared,  I  am  disposed  to  consider  this  opinion 
as  highly  probable. 

The  existence  of  volcanoes  on  our  globe  is 
scarcely  to  be  considered  asa  part  of  its  original  con- 
stitution. Such  appalling  and  destructive  agents 
appear  altogether  inconsistent  with  the  state  of 
an  innocent  being  formed  after  the  Divine  image; 
and,  therefore,  we  have  no  reason  to  believe  that 
they  existed  in  the  primitive  age  of  the  world, 
while  man  remained  in  his  paradisiacal  state,  but 
began  to  operate  only  after  the  period  of  the  uni- 
versal deluge,  when  the  primitive  constitution  of 
our  globe  was  altered  and  deranged,  and  when 
earthquakes,  storms,  and  tempests  began,  at  the 
Bume   time,  to  exert  their  destructive  euergies. 


They  are  thus  to  be  considered  as  an  evidence  or 
indication  that  man  is  no  longer  in  a  state  of 
moral  perfection  and  that  his  habitation  now  cor- 
responds with  his  character  as  a  sinner.  'I'o  sup- 
pose, therefore,  that  such  destructive  agents  exist 
in  the  njoon,  would  be  virtually  to  admit  that  tho 
inhabitants  of  that  planet  are  in  the  same  depraved 
condition  as  the  inhabitants  of  this  world.  The 
same  thing  may  be  said  with  regard  to  a  pretended 
discovery  which  was  announced  some  years  ago, 
that  "there  are  fortif  cations  in  the  moon;"  for,  if 
such  objects  really  existed,  it  would  be  a  plain 
proof  that  the  inhabitants  were  engaged  in  vvara 
and  contentions,  and  animated  with  the  same 
diabolical  principles  of  prid'',  ambition,  and  re- 
venge, which  have  ravaged  our  globe  and  demoral 
ized  its  inhabitants. 

Whether  there  he  Seas  in  the  Moon  is  a  question 
wiiich  has  engaged  the  a'tentiou  of  astronomers, 
and  which  demands  a  few  remarks.  Wlien  we 
view  the  moon  through  a  good  telescope,  we  per- 
ceive a  number  of  large  dark  spots,  of  different 
dimensions,  some  of  whicli  are  visible  to  the  naked 
eye.  These  spots,  in  the  early  observations  of 
the  moon  with  telescopes,  were  generally  su])posed 
to  be  large  collections  of  water  similar  to  our  seas, 
and  the  names  given  them  by  Hevelius,  such  as 
Mare  Crisiinn,  Mare  Imbrium,  &c.,  are  founded 
on  this  opinion.  The  general  smoothness  of 
these  obscure  regions,  and  the  consideration  that 
water  reflects  less  light  than  the  land,  induced 
some  astronomers  to  draw  this  conclusion.  But 
there  appears  no  solid  ground  for  entertuining 
such  an  opinion;  for,  in  the  first  place,  when 
these  dark  spots  are  viev/ed  with  good  telescopes, 
they  are  found  to  contain  numbers  of  cavities, 
wliose  shadows  are  distinctly  perceived  falling 
within  them,  which  can  never  happen  in  a  sea  or 
smooth  liquid  body;  and  beside,  several  insulated 
mountains,  whose  shadows  are  quite  perceptible, 
are  found  here  and  there  in  these  supposed  seas. 
In  the  next  place,  when  the  boundary  of  light 
and  darkness  passes  through  these  spots,  it  is  not 
exactly  a  straight  line  or  a  regular  curve,  as  it 
ought  to  be  were  those  parts  perfectly  level  like  a 
sheet  of  water,  but  appears  slightly  jagged  or 
uneven.  I  have  inspected  these  spots  hundreds 
of  times,  with  powers  of  150,  180,  and  230  times, 
and  in  every  instance,  and  in  every  stage  of  the 
moon's  increase  and  decrease,  gentle  elevations 
and  depressions  were  seen,  similar  to  tlie  wavings 
or  inequalities  which  are  perceived  upon  a  plain 
or  country  generally  level.  There  are  scarcely 
any  parts  of  these  spots  in  which  slight  elevations 
may  not  be  seen.  In  many  of  them  the  light  and 
shade,  indicating  the  inequality  of  surface,  arc 
quite  perceptible;  and  in  certain  parts  ridges 
nearly  parallel,  of  slight  elevation,  with  interja- 
cent plains,  are  distinctly  visible.  The.so  dark 
spots,  therefore,  must  be  considered  as  exiensivf 
plains  diversified  with  gentle  elevations  and  de- 
pressions, and  consisting  of  substances  calculated 
to  reflect  the  light  of  the  sun  with  a  less  degree  of 
intensity  than  the  other  parts  of  the  lunar  surface. 
These  plains  are  of  different  dimensions,  from  40 
or  50  to  700  miles  in  extent,  and  they  occupy 
more  than  one-third  of  that  hemispliere  of  the 
moon  which  is  seen  from  the  earth,  and,  conse- 
quently, will  contain  nearly  three  millions  of 
square  miles.  As  the  moon,  therefore,  is  diversi- 
fied with  mountains  and  cavities  of  forms  alto- 
gether different  from  those  of  our  globe,  so  tho 
plains  upon  the  surface  of  that  orb  are  far  more 
varied  and  extensive  than  the  generality  of  plains 
which  are  found  on  the  surface  of  the  earth.  It 
is  a  globe  diversified  with  an  immenso  variety  of 
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mountain-scenery,  and,  at  the  same,  time,  abound- 
ing with  plains  and  valleys  of  vast  extent.  But 
th'^re  appear  to  be  no  seas,  oceans,  or  any  large 
collections  of  water,  thourrh  it  is  possible  that 
Bmali  lakes  o  rivers  may  exist  on  certain  parts  of 
its  surface.  As  we  see  only  one  side  of  the  moon 
from  the  earth,  we  cannot  tell  what  objects  or 
arrangements  may  exist  on  its  opposite  hemi- 
sphere, though  it  is  probable  that  that  hemis[)here 
does  not  dilfer  viaterialbj  in  its  scenery  and 
arrangements  from  those  which  are  seen  on  the 
Bide  which  is  turned  toward  the  earth. 

Atmosphere  of  the  Moon. — Whether  the  moon 
has  an  atmosphere,  or  body  of  air  similar  to  that 
which  surrounds  the  earth,  has  been  a  subject  of 
dispute  among  astronomers.  On  the  one  side, 
the  existence  of  such  an  atmosphere  is  denied, 
because  the  stars  which  disappear  behind  the  body 
of  the  moon  retain  their  full  luster  until  they 
seem  to  touch  its  very  edge,  and  then  they  vanish 
in  a  moment:  which  phenomenon,  it  is  supposed. 
Would  not  happen  if  the  moon  were  encompassed 
with  an  atmosphere.  On  the  other  hand,  it  has 
been  maintained  that  the  phenomena  frequently 
attending  eclipses  of  the  sun  furnish  arguments 
for  the  existence  of  a  lunar  atmosphere.  It  has 
been  observed  on  different  occasions  that  the  moon 
in  a  solar  eclipse  was  sui-rouuded  with  a  luminous 
ring,  which  was  most  brilliant  on  the  side  nearest 
the  moon;  that  tlie  sharp  horns  of  the  solar 
crescent  have  been  seen  blunted  at  their  extremi- 
ties during  total  darkness;  that,  preceding  the 
emersion,  a  long  narrow  streak  of  dusky  red 
light  has  been  seen  to  color  the  western  limb  of 
the  moon;  and  that  the  circular  figure  of  Jupiter, 
Saturn,  and  the  fixed  stars  has  been  seen  clianged 
into  an  elliptical  one  when  they  approached  either 
the  dark  or  the  enlightened  limb  of  the  moon; 
all  vi'hich  circumstances  are  considered  as  indica- 
tions of  a  lunar  atmosphere.  The  celebrated  M. 
Schroeter,  of  Lilienthal,  made  numerous  observa- 
tions in  order  to  determine  this  question,  and 
many  respectable  astronomers  are  of  opinion  that 
his  observations  clearly  prove  the  existence  of  an 
atmosphere  around  the  moon.  He  discovered 
near  the  moon's  cusps  a  faint  gray  light  of  a 
pyramidal  form,  extending  frona  both  cusps  into 
'.he  dark  hemisphere,  which,  being  the  moon's 
twilight,  must  necessarily  arise  from  its  atmo- 
jfphere.  It  would  be  too  tedious  to  detail  all  the 
observations  of  Schroeter  on  this  point;  but  the 
following  are  the  general  conclusions:  "  That  the 
inferior  or  more  dense  part  of  the  moon's  atmo- 
iphere  is  not  more  than  1500  English  feet  high; 
and  that  the  bight  of  the  atmosphere  where  it 
could  affect  the  brightness  of  a  fixed  star,  or 
(nflect  the  solar  rays,  does  not  exceed  5742  feet," 
or  little  more  than  an  English  mile.  A  fixed 
star  will  pass  over  this  space  in  less  than  two 
seconds  of  time;  and  if  it  emerge  at  a  part  of  the 
moon's  limb  where  there  is  a  ridge  of  mountains, 
Bcarcely  any  obscuration  can  be  perceptible. 

On  the  whole,  it  appears  most  probable  that  the 
moon  is  surrounded  with  a  fluid  which  serves  the 
purpose  of  an  atmosphere,  although  this  atmo- 
sphere, as  to  its  nature,  composition,  and  refractive 
power,  may  be  very  different  from  the  atmosphere 
which  surrounds  tlie  earth.  It  forms  no  proof 
tliat  the  moon  or  any  of  the  planets  is  destitute 
of  an  atmosphere  because  its  constitution,  its 
density,  and  its  power  of  refracting  the  rays  of 
light  are  different  from  ours.  An  atmosphere 
may  surround  a  planetary  body,  and  yet  its  parts 
be  so  fine  and  transparent  that  the  rays  of  light 
from  a  star  or  any  other  body  may  pass  through 
it  without  being  in  the  least  obscured  or  changing 


their  direction.  In  our  reasonings  on  this  subject 
we  too  frequentl}'  proceed  on  the  false  principle 
that  everything  connected  with  other  worlds  must 
bear  a  resemblance  to  those  on  the  earth.  But  as 
we  have  seen  that  the  surface  of  the  moon,  in 
respect  to  its  mountains,  caverns,  and  plains,  is 
very  differently  arranged  from  what  appears  on 
the'  landscape  of  our  globe,  so  we  have  every 
reason  to  conclude  that  the  atmosphere  with  which 
that  orb  may  be  surrounded  is  materially  diilerent 
in  its  constitution  and  properties  from  that  body 
of  air  in  wliich  we  move  and  breathe;  and  it  is 
highly  probable,  from  the  diversity  of  arrange- 
ments which  exists  throughout  the  planetary 
system,  that  the  atmospheres  of  all  the  planets 
are  variously  constructed,  and  have  properties 
dilTerent  from  each  other.  Whatever  may  be  the 
nature  of  the  moon's  atmosphere,  it  is  evident 
that  nothing  similar  to  clouds  exist  in  it,  otherwise 
they  would  be  quite  perceptible  by  the  telescope; 
and  hence  we  may  conclude  that  neither  hail, 
snow,  rain,  nor  tempests  disturb  its  serenity;  for 
all  the  parts  uniformly  present  a  clear,  calm,  and 
serene  aspect,  as  if  its  inhabitants  enjoyed  a  per- 
petual spring. 

Magnitude  of  the  Moon. — The  distance  of  the 
moon  from  the  earth  is  determined  from  its  hori- 
zontal parallax;  and  this  distance,  compared  with 
its  apparent  angular  diameter,  gives  its  real  or 
linear  diameter.  The  mean  horizontal  parallax 
is  fifty-seven  minutes,  thirty-four  seconds,  and 
the  mean  apparent  diameter  thirty-one  minutes, 
twenty-six  seconds.  From  these  data  it  is  found 
that  the  real  diameter  of  the  moon  is  2]  80  miles, 
which  is  little  more  than  the  one-fourth  of  the 
di;uneter  of  the  earth.  The  real  magnitude  of  the 
moon,  therefore,  is  only  about  one-forty-nintli 
part  of  that  of  the  earth.  This  is  found  by 
dividing  the  cube  of  the  earth's  diameter  by  the 
cube  of  the  moon's,  and  the  quotient  will  express 
tho  number  of  times  that  the  bulk  of  the  earth 
exceeds  that  of  the  moon;  for  tlie  real  bulk  of 
globes  is  in  proportion  to  the  cubes  of  their 
diameters.  Although  the  apparent  size  of  the 
moon  appears  equal  to  that  of  the  sun,  yet  the 
difference  of  their  real  bulk  is  very  great,  for  it 
would  require  more  than  sixty-three  millions  of 
globes  of  the  size  of  the  moon  to  form  a  globe 
equal  in  magnitude  to  that  of  the  sun.  Its  sur- 
face, notwithstanding,  contains  a  very  considera- 
ble area,  comprising  nearly  15,000,000  of  square 
miles,  or  about  one-third  of  the  habitable  parts 
of  our  globe;  and  were  it  as  densely  peopled  as 
England,  it  would  contain  a  population  amount- 
ing to  four  thousand  two  hundred  millions,  which 
is  more  than  five  times  the  population  of  the 
earth;  so  that  the  moon,  although  it  ranks  among 
the  smallest  of  the  celestial  bodies,  may  contain 
a  population  of  intelligent  beings  far  more  nu- 
merous, and  perhaps  far  more  elevated  in  the 
scale  of  intellect,  than  the  inhabitants  of  our 
globe. 

Whether  it  may  he  possible  to  discover  the  inhab- 
itants of  the  moon  is  a  question  wliich  lias  been 
sometimes  agitated.  To  such  a  question  I  have 
no  hesitation  in  replying,  that  it  is  highly  impro- 
bable that  we  shall  ever  obtain  a  direct  view  of  any 
living  beings  connected  witli  the  moon  by  means 
of  any  telescopes  which  it  is  in  the  power  of  man 
to  construct.  The  greatest  magnifying  power 
which  has  ever  been  applied,  with  distinctness,  to 
the  moon,  does  not  much  exceed  a  thousand  times; 
that  is,  makes  the  objects  in  the  moon  appear  a 
thousand  times  larger  and  nearer  to  the  naked 
eye.  But  even  a  power  cf  a  thousand  times 
represents  the  objects  on  tho  lunar  sur.face  at  a 
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distance  of  240  miles,  at  which  distance  no  living 
beings,  allhoiigli  they  were  nearly  of  the  size  of 
a  kraken,  couiJ  be  perceived.  Even  altbougli  we 
could  apply  a  power  of  ten  thousand  times,  lunar 
objects  would  still  appear  24  miles  distant;  and  at 
such  a  distance  no  animal,  even  of  the  size  of  an 
elephant  or  a  whale,  could  be  discerned.  Beside, 
wo  ought  to  consider  that  we  have  only  a  bird's- 
eye  vii-w  of  the  objects  on  the  moon;  and,  conse- 
quently, supposing  any  beings  resembling  man  to 
exist  on  tliat  orb,  we  could  only  perceive  the 
diameter  of  their  heads,  as  an  aeronaut  does  when 
he  surveys  the  crowds  beneath  him  from  an 
elevated  balloon.  Nay,  though  it  were  possible 
to  construct  a  telescope  with  a  power  of  one  liun- 
dred  thousand  times,  which  would  cause  the  moon 
to  appear  as  if  only  two  and  a  half  miles  distant, 
it  is  doubtful  if,  even  with  such  an  instrument, 
living  beings  could  be  perceived.  We  ought  also 
to  consider  that  nature  lias  set  certain  limits  to 
the  magnifying  power  of  telescopes;  for,  although 
we  could  apply  such  powers  as  now  stated  to  any 
telescope,  the  vapors  and  undulations  of  the  atmo- 
sphere, and  the  diurnal  motion  of  the  earth, 
would  interpose  a  barrier  to  distinct  vision;  and 
as  the  quantity  of  light  is  diminished  in  propor- 
tion to  the  magnifying  power,  the  loss  of  light  in 
such  high  powers  would  prevent  the  distinct  per- 
ception of  any  object. 

But  although  we  can  never  hope  to  see  any  of 
the  inhabitants   of  the  moon  by  any  instrument 
constructed  by  human  ingenuity,  yet  we  may  be 
able  to  trace  the  operations  of  sentient  or  intelligent 
beings,  or  those  effects  which  indicate  the  agency 
of  living  beings.     A  navigator  who  approaches 
within  a  certain   distance   of  a  small  island,  al- 
though he  perceives  no  human  beings  upon  it, 
can  judge  with  certainty  that  it  is  inhabited  if  he 
perceive  human  habitations,  villages,  corn-fields, 
or  traces  of  cultivation.     In  like  manner,  if  we 
could  perceive  changes  or  operations  in  the  moon 
which  could  be  traced  to  the  agency  of  intelligent 
beings,  we  should  then  obtain  demonstrative  evi- 
dence that  such  beings  exist  on  that  planet;  and 
I  have  no  doubt  that  it  is  possible  to  trace  such 
operations.     A  telescope  which   magnifies    1200 
limes  will  enable  us  to  perceive,  as  a  visible  point 
on    the    surface    of  the   moon,  an    object  whose 
diameter   is    only   about  100  yards  or   300    feet. 
Such  an  object  is  not  larger  than  many  of  our 
public   edifices;    and,   therefore,  were   any  such 
edifices  rearing  in  the  moon,  or  were  a  town  or 
city  extending  its  boundaries,  or  were  operations 
of  this  description  carrying  on  in  a  district  where 
no  such  edifices  had  previously  been  erected,  such 
objects  and  operations  might  probably  be  detected 
by  a  minute  inspection.     Were  a   multitude  of 
living  creatures  moving  from  place  to  place  in  a 
body,  or  were  they  encamping   in   an  extensive 
plain  like  a  large  army,  or  like  a  tribe  of  Arabs  in 
the  desert,  and  afterward  removing,  it  is  possible 
that   such    movements   might   be   traced  by   the 
difference   of  shade   or  color  which   such  move- 
ments would  produce.     In    order  to   detect  such 
minute  objects  and  operations,  it  would  be  requi-  j 
site  that  the  surface  of  the  moon  should  be  dis-  j 
tributed  among  at  least  a  hundred  astronomers, ' 
each   having  a  spot   or  two  allotted  him  as  the  j 
object  of  his  more  particular  investigation,  and 
that  the  observations  be  continued  for  a  period  of  [ 
at  least  thirty  or  forty  years,  during  which  time  | 
certain    changes   would    probably   be    perceived,  [ 
arising  either  from  physical  causes  or  from  the  1 
operations  of  living   agents.     But   although    no  ! 
such  changes  should  ever  be  detected,  it  would  j 
form  uo  proof  that  the  mooii  is  destitute  of  in-  ' 


habitants;  for,  in  other  worlds,  intelligent  beings 
may  probably  enjoy  all  the  happiness  congeiiiai 
to  their  natures  without  those  edifices  or  arliliciat 
accommodations  which  are  requisite  for  man  in 
this  terrestrial  abode.  In  reference  to  the  subject 
under  consideration.  Dr.  Olbers  is  fully  of  opinion 
"  that  the  moon  is  inhabited  by  rational  creatures, 
and  that  its  surface  is  more  or  less  covered  with  a 
vegetation  not  very  dissimilar  to  that  of  our  own 
earth."  Gruithuisen  maintains  that  he  has  dis- 
covered, by  means  of  his  large  achromatic  tele- 
scope, "  great  artificial  works  in  the  moon,  erected 
by  the  lunarians."  And  lately,  another  foreign 
observer  maintains,  from  actual  observation,  "  that 
great  edifices  do  exist  in  the  moon."  I  am  of 
opinion  that  all  such  announcements  are  prema- 
ture and  uncertain.  Without  calling  in  question 
the  accuracy  of  the  descriptions  published  by 
these  astronomers,  there  is  some  reason  to  suspect 
that  what  they  have  taken  for  "edifices"  and 
"artificial  works"  are  only  small  portions  of 
natural  scenery,  of  which  an  immense  variety, 
in  every  shape,  is  to  be  found  on  the  surface  of 
the  moon.  Future  and  more  minute  observa- 
tions may,  however,  enable  us  to  form  a  definite 
opinion  on  this  subject.* 


•  A  short  time  ago  a  hoax  was  attempted  to  be  played  off 
on  the  public  in  relation  to  this  subject.  An  article  entitled 
"VA'onderful  Discoveries  in  the  Moon,  by  Bir  John  Herschel," 
was  copied  into  most  of  the  American,  French,  and  British 
newspapers  and  other  periodicals,  and  was  liliewise  pab- 
lished  in  a  separate  pam|ih]et.  It  is  not  a  little  astonishing 
how  easily  the  public  is  g^ulled  by  such  extravagant  descrip- 
tions  as  were  contained  in  this  pamphlet,  and  it  shows  the 
ignorance  which  still  prevails  among  the  great  mass  of  the 
community  in  every  country  in  relation  to  astronomy  and 
optics,  that  such  pretended'  discoveries  should  have  been 
listened  to  even  for  a  moment.  For  even  some  editors  of 
newspapers  treated  the  aft'air  in  a  grave  manner,  and  only 
expressed  tlieir  doubts  on  the  subject,  plainly  indicating  that 
they  had  far  less  knowledge  of  the  science  of  astronomy 
than  many  schoolboys  now  acquire.  The  title  of  the  pam- 
phlet was  sufficient  to  convince  any  man  of  common  under- 
standing, who  directed  his  attention  for  a  moment  to  the 
subject,  that  the  whole  was  a  piece  of  deception;  for  it 
stated  that  "  the  object-glass  weighed  seven  tons,"  and  had 
"a  magnifying  power  of  42,000  times."  Now,  supposing 
such  a  power  had  been  nsed,  the  objects  on  the  surface  of 
the  moon  would  still  have  appeared  more  than  five  miles 
and  two-thirds  distant;  and  how  could  an  animal,  even  of 
the  largest  size,  be  seen  at  such  a  distance?  Yet  the 
writer  of  the  pamphlet  declares  that  animals  such  as  sheep, 
and  cranes,  and  small  birds  were  not  only  distinguished,  bnt 
the  shape  and  color  of  their  horns,  eyes,  beard,  and  tlie  dif- 
ference of  sexes,  were  perceived.  To  jierceive  such  objects 
it  was  requisite  that  they  should  have  been  brought  within 
six  yards  instead  of  six  miles.  The  author  might  have 
rendered  his  description  more  consistent  by  putting  a  power 
of  300,000  times  upon  his  imaginary  telescope,  since  he  had 
every  power  at  his  command,  so  as  to  have  brought  Uie 
objects,  at  least,  within  the  distance  of  a  mile.  The  author 
of  this  deception,  I  understand,  is  a  young  man  in  the 
city  of  New  York,  who  makes  some  pretensions  to  scientific 
acquirements,  and  he  may  perhaps  be  disposed  to  congratu- 
late himself  on  the  success  of  his  experiment  on  the  public. 
But  it  ought  to  be  remembered  that  all  such  attempts  to 
deceive  are  violations  of  the  laws  of  the  Creator,  who  is 
the  "  God  of  truth,"  and  who  requires  "  trutlt  in  the  inward 
parts;"  and,  therefore,  they  who  willfully  and  deliberately 
contrive  such  impositions  ought  to  be  ranked  in  the  class  of 
liars  and  deceivers.  The  "  Law  of  Truth  "  ought  never  for 
a  moment  to  be  sported  with.  On  the  nniversal  observance 
of  this  law  depends  the  happiness  of  the  whole  intelligent 
system  and  tlie  foundations  of  the  tlirone  of  the  Eternal. 
The  greatest  part  of  the  evils  which  have  afflicted  our  world 
have  risen  G^om  a  violation  of  this  law,  and  were  it  to  be 
•universally  violated,  the  inhabitants  of  all  worlds  would  be 
thrown  into  a  state  of  confusion  and  misery,  and  creation 
transformed  into  a  chaos.  Beside,  the  propagation  of  such 
deceptions  is  evidently  injurious  to  the  interests  of  science. 
For  when  untutored  minds  and  the  mass  of  the  community 
detect  such  impositions,  they  are  apt  to  call  in  question  the 
real  discoveries  of  science,  as  if  they  were  only  attempts  to 
impose  on  their  credulity.  It  is  to  be  l]0|)ed  that  the  author 
of  the  deception  to  which  I  have  adverted,  as  he  advances 
in  years  and  in  wisdom,  will  perceive  the  foUjr  and  immo> 
rality  of  such  conduct. 
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It  has  sometimes  been  a  subject  of  speculation 
whetlier  it  might  be  possible,  by  any  symbols,  to 
correspond  with  the  inhabitants  of  the  moon. 
"Gruithuisen,  in  a  conversation  with  the  great 
continental  astronomer  (iauss,  after  describing  the 
regular  figures  he  had  discovered  in  the  moon, 
spoke  of  the  possibilit}'^  of  a  correspondence  with 
the  lunar  inhabitants.  He  brought  to  Gauss' 
recollection  the  idea  he  had  communicated  many 
years  ago  to  Zimmerman.  Gauss  answered,  that 
the  plan  of  erecting  a  geometrical  figure  on  the 
jlains  of  Siberia  corresponded  with  his  opinion, 
because,  according  to  his  view,  a  correspondence 
with  the  inhabitants  of  the  moon  could  only  be 
begun  by  means  of  sucli  mathematical  contem- 
plations and  ideas  which  we  and  they  must  have 
in  common."*  Were  the  inhabitants  of  the 
moon  to  recognize  such  a  figure,  erected  on  an 
immense  scale,  as  a  signal  of  correspondence, 
they  might  perhaps  erect  a  similar  one  in  reply. 
But  it  is  questionable  whether  tlie  intention  of 
such  a  signal  would  be  recognized;  and  our  ter- 
restrial sovereigns  are  too  much  engaged  in  plun- 
der and  warfare  to  think  of  spending  their  revenues 
in  so  costly  an  experiment;  and,  therefore,  it  is 
likely  that,  for  ages  to  come,  we  shall  remain  in 
ignorance  of  the  genius  of  the  lunar  inhabitants. 
Schemes,  however,  far  more  foolish  and  prepos- 
terous than  the  above  have  been  contrived  and 
acted  upon  in  every  ago  of  the  world.  The  mil- 
lions which  are  now  wasting  in  the  pursuits  of 
mad  ambition  and  destructive  warfare  might,  with 
far  greater  propriety,  be  expended  in  constructing 
a  large  triangle  or  ellipsis,  of  many  miles  in 
extent,  in  Siberia  or  any  other  country,  which 
Blight  at  the  same  time  accommodate  thousands 
of  inhabitants  who  are  now  roaming  the  deserts 
like  the  beasts  of  the  forest. 

Whatever  may  be  the  arrangements  of  the 
moon  or  the  genius  of  its  inhabitants,  we  know 
that  it  forms  a  most  beautiful  and  beneficial 
appendage  to  our  globe.  When  the  sun  has  de- 
scended below  the  western  horizon,  the  moon 
lights  up  her  lamp  in  the  azure  firmament,  and 
diffuses  a  mild  radiance  over  the  landscape  of  the 
world.  She  pours  her  luster  on  spacious  cities 
and  lofty  mountains,  glittering  on  the  ocean,  the 
lakes,  and  rivers,  and  opening  a  prospect  wide  as 
the  eye  can  reach,  which  would  otherwise  be 
involved  in  the  deepest  gloom.  As  the  son  of 
Sirach  has  observed,  "She  is  the  beauty  of  heaven, 
the  glory  of  the  stars,  an  ornament  giving  light 
in  the  high  places  of  the  Lord."  She  cheers  the 
traveler  in  his  journeys,  the  shepherd  while  tending 
his  fleecy  charge,  and  tne  mariner  while  conducting 
his  vessel  at  midnight  through  tlie  boisterous 
ocean.  She  returns  to  us,  during  night,  a  portion 
of  the  solar  light  which  we  had  lost,  and  diffuses 
a  brilliancy  far  superior  to  that  which  we  derive 
from  all  the  stars  of  heaven.  If  we  intend  to 
prosecute  our  journeys  after  the  sun  has  left  our 
hemisphere,  the  moon,  in  her  increase,  serves  as 
a  magnificent  lamp  to  guide  our  footsteps.  If  we 
wish  to  commence  our  progress  at  an  early  hour 
in  the  morning,  the  moon,  in  her  decrease,  diffuses 
a  mild  radiance  in  the  east,  and  enables  us  to 
anticipate  the  dawn;  and  if  we  choose  to  defer 
our  journey  until  the  period  of  full  moon,  this 
celestial  lamp  enables  us  to  enjoy,  as  it  were,  an 
uninterrupted  day  of  twenty-four  hours  long.  By 
this  means  we  can  either  avoid  the  burning  heats 
of  summer,  or  dispatch  such  business  as  may  be 
inexpedient  during  the  light  of  day.     While  the 
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apparent  revolution  of  the  sun  marks  out  the 
year  and  the  course  of  the  seasons,  the  revolution 
of  the  moon  round  the  heavens  marks  out  our 
months;  and,  by  regularly  changing  its  figure  at 
the  four  quarters  of  its  course,  subdivides  the 
month  into  periods  of  weeks;  and  thus  exhibits 
to  all  the  nations  of  the  earth  a  "  watchlight "  or 
signal,  which  every  seven  days  presents  a  form 
entirely  new,  for  marking  out  the  shorter  periods 
of  duration.  By  its  nearness  to  the  earth,  and 
the  consequent  increase  of  its  gravitating  power, 
it  produces  currents  in  the  atmosphere,  which 
direct  the  course  of  the  winds  and  purify  the 
aerial  fluid  from  noxious  exhalations;  it  raises  the 
waters  of  the  ocean,  and  produces  the  regular 
returns  of  ebb  and  flow,  by  which  the  liquid  ele- 
ment is  preserved  from  filth  and  putrefaction.  It 
extends  its  sway  even  over  the  human  frame,  and 
our  health  and  disorders  are  sometimes  partially 
dependent  on  its  influence.  Even  its  eclf^es, 
and  those  it  produces  of  the  sun,  are  not  without 
their  use.  They  tend  to  arouse  mankind  to  the 
study  of  astronomy  and  the  wonders  of  the 
firmament;  they  serve  to  confirm  the  deductions 
of  chronology,  to  direct  the  navigator,  and  to 
settle  the  geographical  positions  of  towns  and 
countries;  they  assist  the  astronomer  in  his  celes- 
tial investigations,  and  exhibit  an  agreeable  variety 
of  phenomena  in  the  scenery  of  the  heavens.  In 
short,  there  are  terrestrial  scenes  presented  in 
moonlight,  which,  in  point  of  solemnity,  grandeur, 
and  picturesque  beauty,  far  surpass  in  interest,  to 
a  poetic  imagination,  ail  the  brilliancy  and  splen- 
dors of  noonday.  Hence,  in  all  ages,  a  moonlight 
scene  has  been  regarded,  by  all  ranks  of  men, 
with  feelings  of  joy  and  sentiments  of  admiration. 
The  following  description  of  Homer,  translated 
into  English  verse  by  Mr.  Pope,  has  been  esteemed 
ono  of  the  finest  night-pieces  in  poetry: 

"  BeholJ  the  moon,  refulgent  lamp  of  night, 
O'er  heaven's  clear  azure  spread  her  sacred    iglut, 
When  not  a  breath  disturbs  the  deep  serene, 
And  not  a  cloud  o'ercasts  the  solemn  scene; 
Around  her  throne  the  vivid  planets  roll. 
And  stars  unnumbered  gild  the  glowing  pole; 
O'er  the  dark  trees  a  yellower  verdure  shed, 
And  tip  with  silver  every  mountain's  head; 
Then  shine  the  vales;  the  rocks  in  prospect  rise, 
A  tiood  of  glory  bursts  from  all  the  skies. 
The  conscious  swains,  rejoicing  in  the  sight, 
Eye  the  blue  vault,* and  bless  the  useful  light." 

Without  the  light  of  the  moon,  the  inhabitants 
of  the  polar  regions  would  be  for  weeks  and 
months  immersed  in  darkness.  But  the  moon, 
like  a  kindly  visitant,  returns  at  short  intervals  in 
the  absence' of  the  sun,  and  cheers  them  with  her 
beams  for  days  and  weeks  together.  So  that,  in 
this  nocturnal  luminary,  as  in  all  the  other 
arrangements  of  nature,  we  behold  a  display  of 
the  paternal  care  and  beneficence  of  that  Almighty 
Being  who  ordained  "  the  moon  and  stars  to  rule 
the  night,"  as  an  evidence  of  his  superabundant 
goodness,  and  of  "his  mercy,  which  endureth  for 
ever." 

11.    ON    THE    SATELLITES    OF   JUPITER. 

There  are  four  moons  or  satellites  attending 
the  planet  Jupiter,  which  revolve  around  it  from 
west  to  east,  according  to  the  order  of  the  signs, 
or  in  the  same  direction  as  the  moon  revolves 
round  the  earth  and  the  planets  round  the  sun. 
They  are  placed  at  different  distances  from  the 
center  of  Jupiter;  they  revolve  round  it  in  dif- 
ferent periods  of  time,  and  they  accompany  the 
planet  in  its  twelve  years'  revolution  round  the 
sun,  without  deviating  in  the  least  in  their  dis- 
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tances  from  tho  planet,  as  the  more  immediate 
center  of  their  motions.  These  bodies  were 
discovered  by  Galileo,  who  first  applied  the  tele- 
scope to  celestial  observations.  Three  of  them 
were  first  seen  on  the  night  of  the  7th  of  January, 
1610,  and  were  at  first  supposed  to  be  telescopic 
Btars;  but  by  the  observations  of  three  or  four 
subsequent  evenings,  he  discovered  them  to  be 
attendants  on  the  planet  Jupiter.  On  the  1.3th 
of  the  same  month  he  saw  the  fourth  satellite, 
and  continued  his  observations  until  March  2, 
when  he  sent  his  drawings  of  them,  and  an 
account  of  his  observations,  to  his  patron,  Cosmo 
Medici,  Great  Duke  of  Tuscany,  in  honor  of 
whom  he  called  them  the  Medicean  stars.  This 
discovery  soon  excited  the  attention  of  astrono- 
mers, and  every  one  hastened  with  eagerness  to 
view  the  new  celestial  wonders.  The  senators  of 
Venice  who  were  eminent  for  their  learning, 
invited  Galileo  to  come  to  the  tower  of  St.  Mark, 


body  of  Jupiter,  are  perceived  by  powerful  tele> 
scopes.  Sometimes  the  satellites  themselves  maj 
be  seen  crossing  the  disc  like  luminous  spots;  and 
sometimes  the  body  of  the  planet  interposes  be- 
tween our  eye  and  the  satellites,  when  they  are 
said  to  suffer  an  occultation.  It  has  been  ascer- 
tained, by  the  calculations  and  investigations  of 
La  Place,  that  the  whole  number  of  these  moons  can 
never  he  eclipsed  at  the  same  time,  and  that  scarcely 
ever  more  than  two  of  them  can  be  eclipsed  at 
once. 

The  following  diagram  (Fig.  86),  exhibits  the 
system  of  Jupiter's  satellites  nearly  in  the  propor- 
tion of  their  distances  from  the  planet.  The 
small  circles  on  the  orbit  of  the  third  satellite  re- 
present the  enlightened  side  of  the  satellites  turn- 
ed toward  the  sun,  and  the  dark  side  in  an  opposite 
direction.  The  enlightened  side  of  every  satellite 
is  always  very  nearly  turned  toward  the  earth  ; 
but  in  their  revolutions  round  Jupiter  they  pre- 
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instruments.  He  complied  with  their  i-equest, 
and  in  a  fine  night,  neither  cold  nor  cloudy,  showed 
them  with  his  instrument  the  new  phenomena 
which  had  excited  attention;  the  satellites  of 
Jupiter,  the  crescent  of  Venus,  the  triple  appear- 
ance of  Saturn,  and  the  inequalities  on  the  sur- 
face of  the  moon,  which  many  of  the  learned 
refused  to  admit,  because  they  overthrew  the 
system  of  the  schools  and  the  philosophical  notions 
which  had  previously  prevailed.  At  this  conference 
with  the  Venetian  senators  Galileo  demonstrated 
the  truth  of  the  Copernican  sj'istem,  and  showed 


represented  in  the  figures  marked  on  the  orbit  of 
the  fourth  satellite.  In  the  direction  A,  when  in 
opposition  to  the  sun,  they  appear  like  fullmoons; 
in  the  direction  B  they  assume  a  gibbous  phase  ; 
at  C  they  appear  like  a  half  vwon ;  at  D  like  a 
crescent  ;  at  E,  the  dark  side  being  turned  toward 
tho  planet,  the  satellite  becomes  invisible;  at  F, 
G,  and  //,  it  again  successively  appears  under  a 
crescent,  a  half  moon,  and  a  gibbous  phase.  In 
the  direction  A  the  satellite's  are  in  opposition  to 
the  sun,  as  seen  from  Jupiter,  at  whicli  time  they 
pass  through  his  shadow,  and  are  eclipsed  for  the 
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that  the  earth  is  a  moving  body,  and  that  the  sun 
is  the  center  of  the  planetary  motions. 

The  following  are  the  respective  distances  of 
the  satellites  of  Jupiter,  in  round  numbers,  and 
the  periodic  times  in  which  they  revolve  around 
that  planet.  The  mean  distance  of  the  first  satel- 
lite from  the  center  of  Jupiter  is  260,000  miles,  or 
somewhat  more  than  the  distance  of  the  moon 
from  the  earth  ;  and  it  revolves  around  the  planet 
in  1  day,  13  hours,  27}.,  minutes.  The  second 
satellite  is  distant  420,000  miles,  and  finishes  its 
revolution  in  3  days,  13  hours,  132^  minutes. — 
The  third  is  distant  670,000  miles,  and  performs  its 
revolution  in  7  days,  3  hours,  42)^  minutes.  The 
fourth  satellite  is  distant  1,180,000  miles,  or  more 
than  four  times  the  distance  of  the  first,  and  re- 
quires 16  days,  16  hours,  and  32  minutes  to  com- 
plete its  revolution.  These  satellites  suffer  nu- 
merous eclipses  in  passing  through  the  shadow  of 
Jupiter,  as  our  moon  is  eclipsed  in  passing  through 
the  shadow  of  the  earth.  But  as  their  orbits  are 
very  little  inclined  to  the  orbit  of  Jupiter,  their 
eclipses  are  much  more  frequent  than  those  of  our 
moon.  The  first  three  satellites  are  eclipsed  every 
time  they  are  in  opposition  to  the  sun.  The  first 
satellite  is  in  opposition  once  in  423o  hours,  and, 
consequently,  suffers  an  eclipse  about  eighteen 
times  every  month.  The  second  suffers  eight  or 
nine  eclipses,  and  the  third  about  four  eclipses 
every  month.  But  the  fourth  satelKte  frequently 
passes  through  its  opposition  without  being  in- 
volved in  the  shadow  of  Jupiter,  and,  consequent- 
ly, its  eclipses  are  less  frequent  than  those  of  the 
other  three,  only  a  few  of  them  happening  in  the 
course  of  a  year.  As  those  satellites  are  opaque 
globes  like  our  moon — when  they  are  in  tlieir  in- 
ferior conjunction,  or  in  a  line  between  Jupiter 
and  tho  sun — their  bodies  are  interposed  between 
the  sun  and  certain  parts  of  the  disc  of  the  planet, 
80  as  to  cause  an  eclipse  of  the  sun  to  those  places 
over  which  their  shadow  passes.  These  eclipses, 
or  the  shadows  of  the  satellites  passing  across  the 


of  the  fourth,  which  sometimes  passes  the  point 
of  its  opposition  without  falling  into  the  shadow. 
At  E  the  shadow  of  the  sateJlite  passes  across  tl),e 
uisc  of  Jupiter,  producing  a  solar  eclipse  to  "Ml 
those  regions  on  his  surface  ovei  which  '^ha 
shadow  moves. 


These  satellites,  when  viewed  from  the  (v»rth, 
do  not  appear  to  revolve  round  Jupiter  ii.  the 
manner  here  represented,  but  seem  to  os<_illate 
backward  and  forward  nearly  in  a  straight  line 
This  is  owing  to  our  being  nearly  on  a  level  witl 
the  plane  of  their  orbits.     When  the  earth  is  i; 
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one  of  the  geocentric  nodes  of  a  satellite,  the 
plane  of  its  orbit  passes  through  our  eye,  and 
therefore  it  appears  to  be  a  straight  line,  as  a.  b, 
(Fig.  87),  so  that,  in  passing  the  half  of  its  orbit 
which  is  most  distant  from  the  earth,  it  first  seems 
to  move  from  6  to  c,  when  it  is  hidden  for  some 
time  by  the  planet,  and  then  from  d  to  a,  the  point 
of  its  greatest  elongation;  after  which  it  seems  to 
return  again  in  the  same  line,  passing  between  us 
and  the  disc  of  the  planet,  until  it  arrives  at  its 
greatest  elongation  at  b.  In  every  other  situation 
of  the  earth,  the  orbit  of  a  satellite  appears  as  an 
ellipsis  more  or  less  oblong,  as  represented  in  Fig. 
88.  When  it  passes  through  its  superior  semicir- 
cle, or  that  which  is  more  distant  from  the  earth 
than  Jupiter  is,  as  e,  /,  g,  its  motion  is  direct,  or 
according  to  the  order  of  the  signs  ;  when  it  is 
in  its  inferior  semicircle,  nearer  to  us  than  Jupiter, 
as  h,  i,  k,  its  apparent  motion  is  in  the  opposite 
direction,  or  retrograde.  Hence  these  satellites,  as 
seen  through  a  telescope,  appear  nearly  in  a 
straight  line  from  the  body  of  Jupiter,  as  repre- 
sented in  Fig.  89. 

Magnitude  of  the  Satellites.  —  These  bodies, 
though  invisible  to  the  naked  eye,  are  neverthe- 
less of  a  considerable  size.  Tlie  following  are 
their  diameters  in  miles,  as  stated  by  Struve.  The 
first  satellite  is  2508  miles  in  diameter,  which  is 
considerably  larger  than  our  moon.  The  second 
is  2063  miles  in  diameter,  or  about  the  size  of  the 
moon.  The  tliird  is  3.377  miles  in  diameter,  which 
is  more  than  seven  times  the  bulk  of  the  moon. — 
The  fourth  is  2890  miles  in  diameter,  or  about 
three  times  the  bulk  of  the  moon  ;  so  that  the 
whole  of  Jupiter's  satellites  are  equal  to  nearly 
thirteen  of  our  moons.*  Tlie  superficial  contents 
of  the  first  satellite  is  19,760,865  square  miles;  of 
the  second,  13,435,442;  of  the  third,  35,827,211  ; 
and  of  the  fourth,  26,238,957  square  miles.  The 
number  of  square  miles  on  all  the  satellites,  is 
therefore,  95,262,475,  or  more  than  ninety-five 
millions  of  square  miles,  which  is  about  double 
ti'.e  quantity  of  surface  on  all  the  habitable  parts 
of  our  globe.  At  the  rate  of  280  inhabitants  to 
every  square  mile,  these  satellites  would,  there- 
fore be  capable  of  containing  a  population  of 
26,673  niillions,  which  is  thirty-three  times  greater 
than  the.  population  of  the  earth. 

The  satellites  of  Jupiter  may  be  seen  witJi  u 
telescope  magnifying  about  thirty  times  ;  but  in 
order  to  perceive  their  eclipses  with  advantage,  a 
power  of  one  hundred  or  one  hundred  and  fifty 
times  is  requisite.  When  the  brilliancy  of  the 
satellites  is  examined  at  different  times,  it  appears 
to  undergo  a  considerable  change.  By  comparing 
the  mutual  positions  of  tlie  satellites  with  the 
times  when  they  acquire  their  ma.ximum  of  light, 
Sir  W.  Herschel  concluded  that,  like  the  moon, 
they  all  turned  round  their  axis  in  the  same  time 
that  they  performed  their  revolution  round  Jupi- 
ter. The  same  conclusion  had  been  deduced  by 
former  astronomers  in  reference  to  the  fourth 
satellite.  This  satellite  was  sometimes  observed  to 
take  but  half  the  usual  time  in  its  entrance  on  the 
disc  of  Jupiter  or  its  exit  from  it,  which  was  sup- 
posed to  be  owing  to  its  having  a  dark  spot  upon 
it  that  covered  half  its  diameter;  and,  by  observ- 


*Former  astronomers  reckoned  the  bulk  of  the  satellites 
larger  than  the  dimensions  here  stated.  Cassini  and  Maraldi 
reckoned  the  diameter  of  the  third  satellite  to  be  one-eight- 
eeith  of  the  diameter  of  Jupiter,  and,  consequently,  nearly 
50(0  miles  in  diameter;  and  the  first  and  second  to  be  one- 
twi  ntieth  of  Jupiter's  diameter,  or  about  4450  miles  ;  which 
est;  oiation  would  make  the  magnitudes  of  these  bodies 
■int'i  larger  than  stated  by  Struve. 
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ing  the  period  of  its  variations,  it  was  concluded 
that  it  had  a  rotation  round  its  axis.  These  cir- 
cumstances form  a  presumptive  proof  that  tha 
surface  of  these  satellites,  like  our  moon,  are  di- 
versified with  objects  of  different  descriptions,  and 
with  varieties  of  light  and  shade.  Cassini  sus- 
pected the  first  satellite  to  have  an  atmosphere, 
because  the  shadow  of  it  could  not  be  seen,  when 
he  was  sure  it  should  have  been,  upon  the  disc  of 
Jupiter,  if  it  had  not  been  shortened  by  its  ai 
niosphere,asin  the  case  in  respect  to  the  shadow  of 
the  earth  in  lunar  eclipses. 

From  what  has  been  stated  respecting  the  mo- 
tions, magnitudes  and  eclipses  of  these  satellites,  it 
is  evident  they  will  present  a  most  diversified  and 
sublime  scenery  in  the  firmament  of  Jupiter. — 
The  first  satellite  moves  along  a  circumference  of 
1,633,632  miles  in  the  space  of  42^X0  hours,  at  the 
rate  of  38,440  miles  an  hour,  which  is  a  motion 
sixteen  times  more  rapid  than  that  of  the  moon  in 
its  circuit  round  the  earth.  During  this  short  pe- 
riod it  presents  to  Jupiter  all  the  appearances  of  a 
new  moon,  crescent,  half  moon,  gibbous  phase, 
and  full  moon,  both  in  the  increase  and  decrease; 
so  that,  in  the  course  of  twenty-one  hours,  it 
passes  through  all  the  phases  which  our  moon  ex- 
hibits to  us:  beside  suffering  an  eclipse  in  passing 
through  the  shadow  of  the  planet,  and  producing 
either  a  partial  or  total  eclipse  of  the  sun  to  cer- 
tain regions  of  Jupiter  on  which  its  shadow  falls. 
The  rapidity  of  its  motion  through  the  heavens 
will  also  be  very  striking;  as  it  will  move  through 
the  whole  hemisphere  of  the  heavens  in  the  course 
of  twenty-one  hours,  beside  its  daily  apparent 
motion,  in  consequence  of  the  diurnal  rotation  of 
Jupiter.  The  other  three  satellites  will  exhibit 
similar  phenomena,  but  in  different  periods  of 
time.  Sometimes  two  or  three  of  these  moons, 
and  sometimes  all  the  four,  will  be  seen  shining  in 
the  firmament  at  the  same  time  ;  one  like  a  cre- 
scent, one  like  a  half-moon,  and  another  in  all  its 
splendor  as  a  full  enlightened  hemisphere  ;  one 
entering  into  an  eclipse,  another  emerging  from  it; 
one  interposing  between  the  planet  and  the  sun, 
and  for  a  short  time  intercepting  his  rays  ;  one 
advancing  from  the  eastern  horizon,  and  another 
setting  in  the  west ;  one  satellite  causing  tha 
shadows  of  objects  on  Jupiter  to  be  thrown  in  one 
direction,  and  another  satellite  causing  them  to  be 
projected  in  another,  or  in  an  opposite  direction  ; 
while  the  rapid  motions  of  these  bodies  among  the 
fixed  stars  will  be  strikingly  perceptible.  Eclipses 
of  the  satellites  and  of  the  sun  will  be  almost  an 
every-day  phenomenon,  and  occultations  of  the 
fixed  stars  will  be  so  frequent  and  regular  as  to 
serve  as  an  accurate  measure  of  time. 

The  eclipses  of  Jupiter's  satellites  afford  signals 
of  considerable  use  for  determining  the  longitude 
of  places  on  the  earth.  For  this  purpose  tables 
of  these  eclipses,  and  of  the  times  at  which  the 
satellites  pass  across  the  disc  of  Jupiter  or  behind 
his  body,  are  calculated  and  inserted  in  the  nau- 
tical and  other  almanacs.  These  tables  are  adapted 
to  the  meridian  of  the  Royal  Observatory  at 
Greenwich;  and  by  a  proper  use  of  tliem,  in  con- 
nection with  observations  of  the  eclipses,  the  true 
meridian,  or  the  distance  of  a  place  east  or  west 
from  Greenwich,  may  be  ascertained.  For  ex- 
ample: suppose,  on  the  27th  of  December,  1837, 
the  immersion  of  Jupiter's  first  satellite  be  ob- 
served to  happen,  in  an  unknown  meridian,  at  15 
hours,  23  minutes,  10  seconds,  I  find  by  the 
tables  that  this  immersion  will  happen  at  Green- 
wich at  13  hours,  34  minutes,  50  seconds  of  the 
same  day.  The  difference  of  the  time  is  1  hour, 
48  minutes,  20  seconds,  which,  being  converted 
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into  degrees  of  tlic  equator  (allowing  15  degrees 
for  an  hour),  will  make  27  degrees,  5  minutes, 
which  is  the  longitude  of  the  place  of  observation. 
This  longitude  is  east  of  Greenwich,  because  the 
time  of  observation  was  in  advance  of  the  time 
at  tho  British  observatory.  Had  the  time  of 
observation  been  behind  that  of  Greenwich,  for 
example,  at  13  hours,  4  minutes,  50  seconds,  t!ie 
place  must  then  have  been  7}.^'  degrees  west  of 
the  Royal  Observatory.  J5f/brt  Jupiter's  opposition 
to  the  sun,  or  when  he  passes  the  meridian  in  the 
morning,  the  shadow  is  situated  to  the  west  of  the 
planet,  and  the  immersions  happen  on  that  side; 
but  after  the  opposition  the  emersions  happen  to 
the  east.  These  eclipses  cannot  be  observed  with 
advantage  unless  Jupiter  be  eight  degrees  above, 
and  tho  sun  at  least  eight  degrees  below  the 
horizon. 

The  eclipses  of  Jupiter's  moons  first  suggested 
the  idea  of  the  motion  of  light.  As  the  orbit  of 
the  earth  is  concentric  with  that  of  Jupiter,  the 
mutual  distance  of  these  two  bodies  is  continually 
varying.  In  the  following  figure  let  S  represent 
the  sun;  B,C,D,E,  the 
orbit  of  the  earth;  and 
G,  H,  a  portion  of  the 
orbit  of  Jupiter.  It  is 
evident  that  when  the 
•^.  earth  is  at  E  and  Jupi- 
ter at  A,  the  earth  will 
be  the  semidiameter  of 
its  orbit  nearer  Jupiter 
than  when  it  is  at  B  or 
D;  and  when  at  C  it  will 
be  the  whole  diameter 
of  its  orbit,  or  190,000,- 
000  of  miles  farther  from 
Jupiter  than  when  it  is 
at  E.  Now  if  light 
were  instantaneous,  the 
satellite  i,  to  a  spectator 
at  B,  would  appear  to 
enter  into  Jupiter'sshad- 
ow,  k  i,  at  the  same  mo- 
ment of  time  as  to 
another  spectator  at  E. 
But,  from  numerous  ob- 
servations, it  was  found, 
that  when  the  earth  was 
at  E,  the  imniersion  of 
the  satellite  into  the  shadow  happened  sooner  by 
eight  minutes  and  a  quarter  than  when  the  earth 
was  at  B,  and  sixteen  minutes  and  a  half  sooner 
than  when  the  earth  was  at  C.  It  was  therefore 
concluded  that  light  is  not  instantaneous,  but 
requires  a  certain  sjjace  of  time  to  pass  from  one 
region  of  the  universe  to  another,  and  that  the 
lime  it  takes  in  passing  from  the  sun  to  the  earth, 
or  acFoss  the  semidiameter  of  the  earth's  orbit,  is 
eight  minutes  and  a  quarter,  or  at  the  rate  of 
192,000  miles  every  second,  which  is  more  than 
ten  hundred  tRousand  times  swifter  than  a  cannon 
ball  the  moment  it  is  projected  from  the  mouth 
of  the  cannon;  and  therefore  it  is  the  swiftest 
movement  with  which  we  are  acquainted  in 
nature.  It  follows  that,  if  the  sun  was  annihi- 
lated, we  should  see  him  for  eight  minutes  after- 
ward; and  if  he  were  again  created,  it  would  be 
eight  minutes  before  his  light  would  be  perceived. 
The  motion  of  light  deduced  from  the  eclipses  of 
Jupiter's  satellites  has  been  confirmed  by  Dr. 
Bradley's  discovery  of  the  aberration  of  light  pro- 
duced by  the  annual  motion  of  the  earth,  from 
which  it  appears  that  the  light  from  the  fixed  stars 
moves  with  about  the  samo  velocity  as  the  light 
of  the  sun. 


III.  ON   THE    SATELLITES    OF    SATUIl.X. 

Saturn  is  surrounded  with  no  less  than  seven 
satellites,  which  revolve  around  him,  at  (lillereul 
distances,  in  a  manner  similar  to  those  of  Jupiter. 
As  they  are  more  difficult  to  be  perceived  than 
the  satellites  of  Jupiter,  owing  to  the  great  dis- 
tance of  Saturn  from  the  earth,  none  of  ttiem 
were  discovered  until  the  tilescope  was  consider- 
ably improved;  and  more  than  a  century  inter- 
vened after  the  first  five  satellites  until  the  sixth 
and  seventh  were  detected.  As  was  to  be  supposed, 
the  larger  satellites  were  first  discovered.  In  the 
year  1665,  about  forty-five  years  after  the  inven- 
tion of  the  telescope,  M.  Huygens,  a  celebrated 
Dutch  mathematician  and  astronomer,  discovered 
the  fourth  satellite,  which  is  the  largest,  with  a 
telescope  twelve  feet  long.  Four  of  the  others 
were  discovered  by  Cassini;  the  fifth  in  1671, 
which  is  next  in  brightness  to  the  fourth;  the 
third  in  December,  1672 ;  and  the  first  and 
second  in  the  month  of  March,  1684.  These  four 
satellites  were  first  observed  by  common  refracting 
telescopes  of  100  and  136  feet  in  length;  but, 
after  being  acquainted  with  them,  he  could  see 
them  all,  in  a  clear  sky,  with  a  tube  of  thirty-four 
feet.  The  sixth  and  seventh  satellites,  were  dis- 
covered by  Sir  W.  Herschel  in  August,  1789,  soon 
after  his  large  forty  feet  reflecting  telescope  was 
completed.  These  are  nearer  to  Saturn  than  the 
other  five;  but,  to  avoid  confusion  they  are  named 
in  the  order  of  their  discovery.  The  following 
is  the  order  of  the  satellites  in  respect  of  their 
distance  from  Saturn: 

Seventh.  Sixth.  First.    Second.  Third.  Fonrth.  Filth. 

1  2        3  4  5        6  7 

The  motions  and  distances  of  these  bodies  have 
not  been  so  accurately  ascertained  as  those  of 
Jupiter.  The  following  statement  contains  a  neat 
approximation  of  their  perio.'SE  and  distances.  Tho 
seventh  satellite,  or  that  nearest  to  Saturn,  i& 
distant,  120,000  miles  from  the  center  of  tho 
planet,  about  80,000  from  its  surface,  and  only 
about  18,000  miles  beyond  the  edge  of  the  outei 
ring.  It  moves  round  the  planet  in  twenty-two 
hours,  thirty-seven  minutes,  a  circuit  of  377(000 
miles,  at  the  rate  of  16,755  miles  an  hour.  The 
sixth  satellite,  or  the  second  from  Saturn,  is  dis- 
tant 150,000  miles,  and  finishes  its  revolution  in 
one  day,  eight  hours,  fifty-three  minutes.  The 
first  of  the  old  satellites,  or  the  third  from  Saturn, 
finishes  its  periodical  revolution  in  one  day, 
twenty-one  hours,  eighteen  minutes,  at  the  dis- 
tance of  190,000  miles.  The  second  (or  fourth 
from  Saturn),  in  two  days,  seventeen  hours,  forty 
four  and  three-quarter  minutes,  at  the  distance  of 
243,000  miles.  The  third  (fifth  from  Saturn), 
in  four  days,  twelve  hours,  fifty-five  minutes,  at 
the  distance  of  340,000  miles.  The  fourth  (sixth 
from  Saturn),  in  fifteen  days,  twenty-two  hours 
fifty-one  minutes,  at  the  distance  of  788,000  miles. 
The  fifth  (seventh  from  Saturn),  in  seventy-nine 
days,  seven  hours,  and  fifty-four  and  a  half  min- 
utes, at  the  distance  of  2,297,000  miles. 

The  orbits  of  the  six  inner  satellites  are  inclined 
about  thirty  degrees  to  the  plane  of  Saturn's 
orbit,  and  lie  almost  exactly  in  the  plane  of  the 
rings,  and  therefore  they  appear  to  move  in  ellipses 
similar  to  the  ellipses  of  the  rings.  But  the  orbit 
of  the  fifth  or  outer  satellite,  makes  an  angle  with 
the  plane  of  Saturn's  orbit  of  24  degrees,  45  min- 
utes. These  satellites,  having  their  orbits  inclined 
at  so  great  angles  to  Saturn,  cannot  cross  the 
body  of  that  planet,  or  go  behind   it,  or  pass 
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Ih.  ugh  its  shadow,  as  Jupiter's  satellites  do,  ex- 
cept on  rare  occasions,  and  hence  they  very 
seldom  suffer  eclipses  or  occultations.  The  only 
time  when  eclipses  happen  is  near  the  periods 
when  the  ring  is  seen  edgewise.  The  fifth  or  most 
distant  satellite  is  sometimes  invisible  in  the  east- 
ern part  of  its  orbit,  which  is  supposed  to  arise 
from  one  part  of  the  satellite  being  less  luminous 
than  the  rest.  Sir  W.  Herschel  observed  this 
satellite  through  all  the  variations  of  its  light,  and 
concluded,  as  Cassini  hud  done  before,  that  it 
turned  round  its  axis  like  our  moon,  in  the  same 
time  that  it  performed  its  revolution  round  Saturn. 
In  consequence  of  this  rotation,  the  obscure  part 
of  its  disc  is  turned  toward  the  earth  when  in  the 
part  of  its  orbit  east  of  Saturn;  and  the  luminous 
portion  of  its  surface  is  turned  to  the  earth  and 
becomes  visible  while  it  passes  through  the  west- 
ern part  of  its  course. 

Of  these  satellites  the  two  innermost  are  the 
smallest  and  the  most  difficult  to  be  perceived. — 
They  have  never  been  discerned  but  with  most 
powerful  telescopes,  and  then  under  peculiar  cir- 
cumstances. At  the  time  of  the  disappearance  of 
the  ring,  "  they  have  been  seen  threading,  like 
beads,  the  most  infinitely  thin  fiber  of  light  to 
which  it  is  then  reduced,  and,  for  a  short  time, 
advancing  off  it  at  either  end."  Few  astronomers 
beside  Sir  \V.  Herschel  and  his  sou  have  been  able 
to  detect  these  small  bodies.  The  celebrated 
Schroeter  and  Dr.  Harding,  on  the  17th,  20th,  21st, 
and  27th  of  February,  1798,  obtained  several 
views  of  the  sixth  satellite  (the  second  from  Sa- 
turn) by  means  of  a  reflecting  telescope  13  feet 
long,  carrying  a  power  of  2'6S.  Their  observa- 
tions fully  confirmed  the  accuracy  of  Sir  W. 
Herschel's  statement  of  the  period  of  its  revolu- 
tion. The  first  and  second  satellites  (third  and 
fourth  from  Saturn)  are  the  next  smallest ;  the 
third  (fifth  from  Saturn)  is  greater  than  the  first 
and  second  :  the  fourth  (sixth  from  Saturn)  the 
most  conspicuous  and  the  most  distant  satellite, 
according  to  Sir  John  Herschel,  is  by  far  the 
largest,  although  it  is  not  so  conspicuous  in  one 
part  of  its  orbit.  In  order  to  see  any  of  the  satel- 
lites of  this  planet,  a  good  telescope,  with  a  power 
of  at  least  70  or  80  times,  is  requisite,  and  with 
such  a  power  only  the  two  outermost  satellites 
will  be  perceived.  To  perceive  all  the  five  old 
satellites  requires  a  power  of  at  least  200  times, 
and  a  considerable  quantity  of  light 

Magnitude  of  Saturn^s  Satellites. — The  precise 
bulk  of  these  satellites  has  not  yet  been  accurately 
determined.  Sir  John  Herschel  estimates  the  most 
distant  satellite,  which  he  thinks  the  largest,  as 
not  much  inferior  in  size  to  the  planet  Mars, 
which  is  4200  miles  in  diameter.  The  fourth 
satellite,  which  is  the  most  conspicuous,  cannot 
be  supposed  to  be  much  inferior  to  it  in  bulk. — 
But  as  the  precise  dimensions  of  most  of  the  in- 
ner satellites  cannot  be  estimated  with  accuracy, 
we  shall  not,  perhaps,  exceed  the  dimensions  of 
these  bodies  if  we  suppose  for  the  whole  a  general 
average  of  3000  miles  diameter  for  each.  On  this 
assumption,  the  surface  of  each  satellite  will  con- 
tain 28,274,400  of  square  miles,  which  is  nearly 
double  the  area  of  our  moon.  The  area  of  all  the 
seven  satellites  will  therefore  amount  to  197,920,- 
BOO  -square  miles,  which  is  four  times  the  quantity 
of  surface  on  all  the  Inbitable  parts  of  the  earth. 
At  the  rate  of  280  inhabitants  to  the  square  mile, 
these  satellites  would  therefore  contain  55,417,- 
624,000,  or  more  than  fifty-five  thousand  millions 
of  inhabitants,  which  is  sixty-nine  times  the  popu- 
lation of  our  globe. 

These  satellites  will  present  a  beautiful  and 


variegated  appearance  in  the  firmament  of  Saturn; 
the  nearest  satellite,  being  only  80,000  miles  from 
the  surface  of  the  planet,  which  is  only  the  one- 
third  of  the  distance  of  the  moon  from  the  earth, 
will  exhibit  a  very  large  and  splendid  appearance. 
Supposing  it  to  be  only  about  the  diameter  of  our 
moon,  it  will  present  a  surface  nearly  nine  times 
larger  tlian  the  moon  does  to  us;  and  in  the  course 
of  twenty-two  and  a  half  hours  will  exhibit  all 
the  phases  of  a  crescent,  half  moon,  full  moon, 
&c.,  which  the  moon  presents  to  us  in  the  course 
of  a  month;  so  that  almost  every  hour  its  phase 
will  be  sensibly  changed,  and  its  motion  round  the 
heavens  will  appear  exceedinglj'  rapid.  While,  in 
consequence  of  the  diurnal  rotation  of  Saturn,  it' 
will  appear  to  move  from  east  to  west,  it  will  alsa 
be  seen  moving  with  a  rapid  velocity  among  the 
stars  in  a  contrary  direction,  and  will  pass  over  a 
whole  hemisphere  of  the  heavens  in  the  course  of 
eleven  hours.  The  next  satellite  in  order  from 
Saturn,  being  only  110,000  miles  from  its  surface, 
will  also  present  a  splendid  appearance,  much 
larger  than  our  moon,  and  will  exhibit  ail  the 
phases  of  the  moon  in  the  course  of  sixteen  hours. 
All  the  other  satellites  will  exhibit  somewhat  simi- 
lar phenomena,  but  in  different  periods  of  time. 
They  will  appear,  when  viewed  from  the  surface 
of  Saturn,  of  different  sizes ;  some  of  them  nine 
times  larger  than  the  moon  appears  to  us,  some 
three  times,  some  double  ihe  size,  and  it  is  proba- 
ble that  even  the  most  distant  satellites  will  appear 
nearly  as  large  as  our  moon,  so  that  a  most  beau- 
tiful and  sublime  variety  of  celestial  phenomena 
will  be  presented  to  a  spectator  in  the  heavens  of 
Saturn,  beside  the  diversified  aspects  of  the  rings 
to  which  we  formerly  adverted,  all  displaying  the 
infinite  grandeur  and  beneficence  of  the  Creator. 

IV.  ox  THE  SATELLITES  OF  URANUS. 

This  planet  is  attended  by  six  satellites,  all  of 
which  were  discovered  by  Sir  W.  Herschel,  to 
whom  we  owe  the  discovery  of  the  planet  itself. 
The  second  and  fourth  satellites  were  detected  in 
January,  1787,  about  six  years  after  the  planet 
was  discovered  ;  the  other  four  were  discovered 
several  years  afterward,  but  their  distances  and 
periodical  revolutions  have  not  been  so  accurately 
ascertained  as  those  of  the  two  first  discovered. 

The  first  of  these  satellites,  or  the  nearest  to 
Uranus,  completes  its  sidereal  revolution  in  5  days, 
21  hours,  and  25  minutes,  at  the  distance  of  224,- 
000  miles  from  the  center  of  the  planet.  The  se- 
cond in  8  days,  17  hours,  at  the  distance  of  291,- 
000  miles.  The  third  in  10  days,  23  hours,  at  the 
distance  of  340,000  miles.  The  fourth  in  13  days, 
11  hours,  at  the  distance  of  390,000  miles.  The 
fifth  in  38  days,  1  hour,  48  minutes,  at  the  distance 
of  777,000  miles.  The  sixth  in  107  days,  16 
hours,  40  minutes,  at  the  distance  of  1,556,000 
miles. 

These  bodies  present  to  our  view  some  remark- 
able and  unexpected  peculiarities.  Contrary  to 
the  analogy  of  the  whole  planetary  system,  the 
planes  of  their  orbits  are  nearly  perpendicular  to 
the  ecliptic,  being  inclined  no  less  than  79  degrees 
to  that  plane.  Their  motions  in  these  orbits  are 
likewise  found  to  be  retrograde,  so  that,  instead  of 
advancing  from  west  to  east  round  Uranus,  as  all 
the  other  planets  and  satellites  do,  they  move  in 
the  opposite  direction.  Their  orbits  are  quite 
circular,  or  very  nearly  so,  and  they  do  not  appear 
to  have  undergone  any  material  change  of  incli- 
nation since  the  period  of  their  discovery.  "These 
anomalous  peculiarities,"  says  Sir  John  Herschel, 
"seem  to  occur  at  the  extreme  limits  of  the  system, 
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as  if  to  prepare  us  for  further  departure  from  all 
its  analogies  in  other  systems  which  may  yet  be 
disclosed  to  us"    in  the  remoter  regi^^ns  of  space. 

The  satellites  of  Uranus  are  the  most  difficult 
objects  to  perceive  of  any  with!'"  the  boundary 
of  the  planetary  system,  excej>'  ,g  the  two  inte- 
rior satellites  of  Saturn;  anc*  tlierefore  few  ob- 
servers, excepting  Sir  William  and  Sir  John  Her- 
Bchel,  have  obtained  a  view  of  them.  Their 
magnitudes,  of  course,  have  never  been  precisely 
determined;  but  there  is  every  reason  to  believe 
that  they  are,  on  an  average,  as  large  as  the 
satellites  of  Saturn,  if  not  larger,  otherwise  they 
could  not  be  perceived  at  tJie  immense  distance  at 
which  they  are  placed  from  our  globe.  Suppo- 
sing them,  on  an  average,  to  be  30U0  miles  in  dia- 
meter— and  they  can  scarcely  be  conceived  to  be 
less — the  surfaces  of  all  the  six  satellites  will  con- 
tain 109,646,400  square  miles,  or  about  'Sj.^  times 
the  area  of  all  the  habitable  portions  of  the  earth; 
and  which,  at  the  rate  formerly  stated,  would  af- 
ford scope  for  a  population  of  47,500,992,000,  or 
above  forty-seven  thousand  millions,  which  is 
about  sixty  times  the  present  number  of  the  in- 
habitants of  the  earth. 

The  satellites  of  Uranus  seldom  suffer  eclipses; 
but  as  the  plane  in  which  they  move  must  pass 
twice  in  the  year  through  the  sun,  there  may  be 
eclipses  of  them  at  those  times  ;  but  they  can  be 
Been  only  when  the  planet  is  near  its  opposition . 
Some  eclipses  were  visible  in  1799  and  1818,  when 
they  appeared  to  ascend  through  the  shadow  of 
the  planet  in  a  direction  almost  perpendicular  to 
the  plane  of  its  orbit.  It  is  probable  that  this 
planet  is  attended  with  more  satellites  than  those 
which  have  yet  been  discovered.  It  is  not  unlike- 
ly that  two  satellites,  at  least,  revolve  between  the 
body  of  the  planet  and  the  first  satellite  ;  for  the 
third  satellite  of  Saturn  is  not  nearly  so  far  distant 
from  the  surface  of  that  planet  as  the  first  satellite 


of  Uranus  is  from  its  center.  But  as  the  inner 
satellites  may  be  supposed  to  be  the  smallest,  and 
yet  present  as  large  a  surface  to  the  planet  as  the 
exterior  ones,  it  is  probable  that,  on  account  of 
their  diminutive  size,  they  may  never  be  detected. 
It  is  likewise  not  improbable  that  two  satolliles 
may  exist  in  the  large  spaces  which  intervene  be- 
tween the  orbits  of  the  fourth  and  fifth,  and  the 
fifth  and  sixth  satellites.  All  these  satellites  will 
not  only  pour  a  flood  of  iiglit  on  this  distant  planet, 
but  will  exhibit  a  splendid  and  varii'gated  ap- 
pearance in  its  nocturnal  firmament. 

The  satellites  of  Jupiter,  Saturn,  and  Uranus, 
of  which  we  have  given  a  brief  description  in  the 
preceding  pages,  form,  as  it  were,  so  many  dis- 
tinct planetary  systems  in  connection  with  fhe 
great  system  of  the  sun.  The  same  laws  of  mo- 
tion and  gravitation  which  apply  to  the  primary 
l)lanetsare  also  applicable  to  the  secondary  planets 
or  moons.  The  squares  of  their  periodical  times 
are  in  proportion  to  the  cubes  of  their  dislynces. 
They  are  subject  to  the  attraction  of  their  prima- 
ries, as  all  the  primary  planets  are  attracted  by  the 
sun;  and  as  the  sun,  in  all  probability,  is  carried 
round  a  distant  center  along  with  all  his  attend- 
ants, so  the  satellites  are  carried  round  the  sun 
along  with  their  respective  planets;  partly  by  the 
influence  of  these  planets,  and  partly  by  the  at- 
tractive power  of  the  great  central  luminary. — 
Each  of  these  secondary  systems  forms  a  system 
by  itself,  far  more  grand  and  extensive  than  the 
whole  planetary  system  was  conceived  to  be  in 
former  times.  Even  the  system  of  Saturn  itself, 
including  its  rings  and  satellites,  contains  a  mass 
of  matter  more  than  a  thousand  times  larger  than 
the  earth  and  moon.  The  system  of  Jupiler 
comprises  a  mass  of  matter  nearly  fifteen  hun- 
dred times  the  size  of  these  two  bo;iies;  and  even 
that  of  Uranus  is  more  than  eighty  times  the 
dimensions  of  our  terrestrial  system. 


CHAPTER    V. 


ON  THE   PERFECTIONS  OF   THE  DEITY,  AS  DISPLAYED  IN  THE  PLANETARY 

SYSTEM. 


All  the  works  of  nature  speak  of  their  Author 
in  language  which  can  scarcely  be  misunderstood. 
They  proclaim  the  existence  of  an  original,  un- 
created Cause,  of  an  eternal  Power  and  Intelli- 
ligence,  and  of  a  supreme  agency  which  no  crea- 
ted being  can  control.  "  The  heavens,"  in  a  par- 
ticular manner,  "declare  the  glory  of  God,  and 
the  firmament  showeth  forth  his  handiwork." — 
When  we  consider  the  heavenly  orbs  in  their 
size,  their  distance,  the  rapidity  of  their  motions, 
and  the  regularity  and  harmony  with  which  they 
perform  their  respective  revolutions,  it  is  obvious 
to  the  least  attentive  observei"  that  such  bodies 
could  not  have  formed  themselves,  or  have  ar- 
ranged their  motions,  their  periods,  and  their  laws 
in  the  beautiful  order  in  which  we  now  behold 
fhem.  Motion  of  every  kind  supposes  a  moving 
power.  As  matter  could  not  make  itself,  so 
neither  can  it  set  itself  in  motion.  Its  motion 
must  commence  from  a  power  exterior  to  itself, 
and  that  power  must  correspond  in  energy  to  the 


effect  produced.  In  the  planetary  system  we  find 
bodies  a  thousand  times  larger  than  the  earth  mo- 
ving with  a  velocity  sixty  times  greafer  tlian  a 
cannon  ball,  and  carrying  along  with  theui  in 
their  train  other  expansive  globes  in  the  same 
swift  career.  Such  motions  could  only  proceed 
from  a  power  which  is  beyond  calculation  or  hu- 
man comprehension;  and  such  a  power  can  oidy 
reside  in  an  uncreated,  self-existent,  and  inde- 
pendent Intelligence.  The  continuance  of  such 
motions  must  likewise  depend  upon  the  incessant 
agency  of  the  same  Almighty  Being,  either  di- 
rectly, or  through  the  medium  of  such  subor..i. 
nate  agents  as  he  is  pleased  to  appoint  for  the  ac- 
complishment of  his  designs.  In  this  respect  the 
laws  of  motion,  of  attraction,  gravitation,  electri- 
city, and  other  powers,  are  so  many  agents,  undei 
the  direction  and  control  of  the  Almighty,  for 
carrying  forward  the  plans  of  his  physical  and 
moral  government  of  the  uiiiverse. 

The  study  of  astronomy  ought  always  to  I.ava 
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in  view  as  its  ultimate  object,  to  trace  the  Divine 

Kerfectioiis  as  displayed  ia  the  phenomena  of  the 
eavens.  For,  as  our  poet  Milton  expresses  it, 
«'  Heaven  is  as  the  book  of  God  before  us  set, 
wherein  to  read  liis  wondrous  works."  There  is 
no  scene  we  can  contemplate  in  wliich  the  attri- 
butes of  the  Divinity  are  so  magnificently  dis- 
played. It  is  in  the  heavens  alone  that  we  perceive 
a  sensible  evidence  of  the  iiijlnitij  of  his  perfec- 
tions, of  the  grandeur  of  his  operations,  and  of 
the  immeasurable  extent  of  his  universal  domin- 
ions. Even  the  planetary  system,  small  as  it  is 
in  comparison  of  the  whole  extent  of  creation, 
contains  within  it  wonders  of  creating  Omnipo- 
tence and  skill  which  almost  overpower  the 
human  faculties,  and  demonstrate  the  "  eternal 
power  and  godhead  "  of  Him  who  at  first  brought 
it  into  existence.  To  consider  astronomy  merely 
as  a  secular  branch  of  knowledge,  which  improves 
navigation,  and  gives  sco[)e  to  tlie  mathematician's 
skill,  and  to  overlook  the  demonstrations  it  affords 
of  the  invisible  Divinity,  would  be  to  sink  this 
noble  study  far  below  its  native  dignity,  and  to 
throw  into  the  shade  the  most  illustrious  manifes- 
tations of  the  glories  of  the  Eternal  mind. 

When  we  contemplate  the  stupendous  globes 
of  which  the  planetary  system  is  composed,  and 
the  astonishing  velocity  with  which  they  run 
their  destined  rounds,  we  cannot  but  be  struck 
with  an  impressive  idea  of  the  power  of  the  Deity; 
of  the  incomprehensible  energies  of  the  Eternal 
Mind  that  first  launched  them  into  existence. 
What  are  all  the  efforts  of  puny  man  as  displayed 
in  the  machinery  he  has  set  in  motion,  and  in  the 
most  magnificent  structures  he  has  reared,  in  com- 
parison with  worlds  a  thousand  times  larger  than 
this  earthly  ball,  and  with  forces  which  impel 
them  in  their  courses  at  the  rate  of  thirty  thous- 
and, and  even  a  hundred  thousand  miles  an  hour! 
The  mind  is  overpowered  and  bewildered  when  it 
contemplates  such  august  and  magnificent  ope- 
rations. Man,  with  all  his  imaginary  pomp  and 
greatness,  appears,  on  comparison,  as  a  mere  mi- 
croscopic animalcula,  yea,  as  "  less  than  nothing 
and  vanity;"'  and  such  displays  of  the  omnipo- 
tence of  Jehovah  are  intended  to  bring  down  the 
'•'lofty  looks  of  men,'"  and  to  stain  the  pride  of 
all  human  grandeur,  "that  no  flesh  should  glory 
in  his  presence."  Without  materials,  and  with- 
out the  aid  of  instruments  or  machinerj',  the 
foundations  of  the  planetary  system  were  laid, 
and  all  its  arrangements  completed.  "  He  only 
spake  and  it  was  done;"  he  only  gave  the  com- 
mand,  and  mighty  worlds  started  into  existence 
and  ran  their  spacious  rounds.  "By  the  word 
of  the  Lord  were  the  heavens  made,  and  all.  the 
host  of  them  by  the  breath  of  His  mouth."  That 
Almighty  Being  who,  by  a  single  volition,  could 
produce  such  stupendous  effects,  must  be  capable 
of  effecting  what  far  transcends  our  limited  con- 
ceptions. His  agency  must  be  universal  and 
uncontrollable,  and  no  created  being  can  ever 
hope  to  frustrate  the  purposes  of  his  will  or 
counteract  the  designs  of  his  moral  government. 
Whatever  he  has  promised  will  be  performed; 
whatever  he  has  predicted  by  his  inspired  messen- 
gers must  assuredly  be  accomplished.  "  For  the 
kingdom  is  the  Lord's,  He  is  the  Governor  among 
the  nations,"  and  all  events,  and  the  movements 
of  all  intelligent  beings,  are  subject  to  his  sove- 
reign control.  "Though  the  mountains  should 
be  carried  into  the  midst  of  the  seas,  and  the 
earth  reel  to  and  fro  like  a  drunkard;"  yea,  though 
tills  spacious  globe  should  be  wrapped  in  flames, 
and  "all  that  it  inherits  be  dissolved,"  yet  that 
power  which  brought  into  existence  the  planetary 


worlds,  and  has  supported  them  in  their  rapid 
career  for  thousands  of  years,  can  cause  "  new 
heavens  and  a  new  earth,  wherein  dvvcUeth  right- 
eousness," to  arise  out  of  its  ruins,  and  to  remain 
in  undiminished  beauty  and  splendor. 

"  The  heavens,"  says  an  inspired  writer,  "de- 
clare the  glory  of  the  Lord,  and  there  is  no  speech 
nor  language  where  their  voice  is  not  heard." 
Even  the  pagan  nations  were  impressed  with  the 
power  of  a  supreme  intelligence  from  a  contem- 
plation of  the  nocturnal  firmament.  "When  we 
behold  the  heavens,"  says  Cicero,  "  when  we  con- 
template the  celestial  bodies,  can  we  fail  of  con- 
viction? Must  we  not  acknowledge  that  there  is 
a  Divinity,  a  perfect  being,  a  ruling  intelligence 
that  governs,  a  God  who  is  everywhere,  and  directs 
all  by  his  power?  Any  one  who  doubts  this  may 
as  well  deny  that  there  is  a  sun  that  enlightens 
us."  Plato,  when  alluding  to  the  motions  of  the 
sun  and  planets,  exclaims,  "  How  is  it  possible  for 
such  prodigious  masses  to  be  carried  round  for  so 
long  a  period  by  any  natural  cause?  for  which 
reason  I  assert  God  to  be  the  great  and  first  cause, 
and  that  it  is  imjiossible  that  it  sliould  be  other- 
wise." 

A  very  slight  view  of  the  planetary  system  ib 
sufficient  to  impress  our  minds  with  an  overpower 
ing  sense  of  the  grandeur  and  omnipotence  of  tho 
Deity.  In  one  part  of  it  we  behold  a  globe  four- 
teen hundred  times  larger  than  our  world  flying 
through  the  depths  of  space,  and  carrying  along 
with  it  a  retinue  of  revolving  worlds  in  its  swift 
career.  In  a  more  distant  region  of  this  system 
we  behold  another  globe,  of  nearly  the  same  size, 
surrounded  by  two  magnificent  rings,  which 
would  inclose  500  worlds  as  large  as  ours,  wing- 
ing its  flight  through  the  regions  of  immensity, 
and  conveying  along  with  it  seven  planetary 
botiies  larger  than  our  moon,  and  the  stupendous 
arches  with  which  it  is  encircled,  over  a  circum- 
ference of  five  thousand  seven  hundred  millions 
of  miles.  Were  we  to  suppose  ourselves  placed 
on  the  nearest  satellite  of  this  planet,  and  were 
the  satellite  supposed  to  be  at  rest,  we  should 
behold  a  scene  of  grandeur  altogether  overwhelm- 
ing; a  globe  filling  a  great  portion  of  the  visible 
heavens,  encircled  by  its  immense  rings,  and  sur- 
rounded by  its  moons,  each  moving  in  its  distinct 
sphere  and  around  its  axis,  and  all  at  the  same 
time  flying  before  us  in  perfect  harmony  with  the 
velocity  of  22,000  miles  an  hour.  Such  a  scene 
would  far  transcend  everything  we  now  behold 
from  our  terrestrial  sphere,  and  all  the  conceptions 
we  can  possibly  form  of  motion,  of  sublimity, 
and  grandeur.  Contemplating  such  an  assem- 
blage of  magnificent  objects  moving  through  the 
ethereal  regions  with  such  astonishing  velocity, 
we  would  feel  the  full  force  of  the  sentiments  of 
inspiration:  "The  Lord  God  Omnipotent 
REiGNETH.  His  powcr  is  irresistible;  His  greatness 
is  unsearchable;  wonderful  things  doth  he  which 
we  cannot  comprehend."  The  motions  of  the 
bodies  which  compose  this  system  convey  an  im- 
pressive idea  of  the  agency  and  the  energies  of 
Omnipotence.  One  of  these  bodies,  eighty  times 
larger  than  the  earth,  and  the  slowest  moving  orb 
in  the  system,  is  found  to  move  through  its  ex- 
pansive orbit  at  the  rate  of  fifteen  thousand  miles 
an  hour;  another  at  twenty-nine  thousand  miles 
in  the  same  period,  although  it  is  more  than  a 
thousand  times  the  size  of  our  globe;  another  at 
the  rate  of  eighty  thousand  miles;  and  a  fourth 
with  a  velocity  of  more  than  a  hundred  thousand 
miles  every  hour,  or  thirty  miles  during  every 
beat  of  our  pulse.  The  mechanical  forces  requi- 
site to  produce  such  motions  surpass  the  mathe- 
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raatician's  skill  to  estimate  or  th«  power  of  numbers    had  the   direction  of  their  axes  been    liable  to 


to  express.  Such  astonishing  velocities,  in  bodies 
of  so  stupendous  a  magnitude,  tliough  incompre- 
hensible and  overwhelming  to  our  limited  facul- 
ties, exhibit  a  most  convincing  demonstration  of 
the  existence  of  an  agency  and  a  power  which  no 
created  beings  can  ever  counteract,  and  which  no 
limits  can  control.  Above  all,  the  central  body 
of  this  system  presents  to  our  view  an  object 
which  is  altogether  overpowering  to  human  intel- 
lects, and  of  which,  in  our  present  state,  we  shall 
never  be  able  to  form  an  adequate  conception.  A 
luminous  globe,  thirteen  hundred  thousand  times 
Mrger  than  our  world,  and  five  hundred  times 
more  capacious  than  all  the  planets,  satellites,  and 
comets  taken  together,  and  this  body  revolving 
round  its  axis  and  through  the  regions  of  space, 
extending  its  influences  to  the  remotest  spaces  of 
the  system,  and  retaining  by  its  attractive  power 
all  the  planets  in  their  orbits,  is  an  object  which 
the  limited  faculties  of  the  human  mind,  however 
improved,  can  never  grasp,  in  all  its  magnitude 
and  relations,  so  as  to  form  a  full  and  comprehen- 
sive idea  of  its  magnificence.  But  it  displays  in 
a  most  astonishing  manner  the  grandf.uii  of  Him 
who  launched  it  into  existence,  and  lighted  it  up 
"by  the  breath  of  his  mouth;"  and  it  exhibits  to 
all  intelligences  a  demonstration  of  his  "eternal 
power  and  godhead."  So  that,  although  there 
were  no  bodies  existing  in  the  universe  but  those 
of  the  planetary  system,  they  would  afford  an 
evidence  of  a  power  to  which  no  limits  can  be 
assigned;  a  power  which  is  infinite,  universal,  and 
uncontrollable. 

The  planetary  system  likewise  exhibits  a  display 
of  the  tcisdom  and  intelligence  of  the  Deity.  If  it 
is  an  evidence  of  wisdom  in  an  artist  that  he  has 
arranged  all  the  parts  of  a  machine,  and  propor- 
tioned the  movements  of  its  different  wheels  and 
pinions  so  as  exactly  to  accomplish  the  end  in- 
tended, then  the  arrangement  of  the  planetarj' 
system  affords  a  bright  display  of  "the  manifold 
wisdom  of  God."  In  the  center  of  this  system  is 
placed  the  great  source  of  light  and  heat;  and  from 
no  other  point  could  those  solar  emanations  be 
propagated,  in  an  equable  and  uniform  manner,  to 
the  worlds  which  roll  around  it.  Had  the  sun 
been  placed  at  a  remote  distance  from  the  center, 
or  near  one  of  the  planetary  orbits,  the  planets  in 
one  part  of  their  course  would  have  been  scorched 
with  the  most  intense  heat,  and  in  another  part 
would  have  been  subjected  to  all  the  rigors  of 
excessive  cold;  their  motions  would  have  been 
deranged, and  their  present  constitution  destroyed. 
The  enormous  bulk  of  this  central  body  was  like- 
wise requisite  to  diffuse  light  and  attractive  influ- 
ence throughout  every  part  of  the  system.  The 
diurnal  rotations  of  the  planets  evince  the  same 
wisdom  and  intelligence.  Were  these  bodies  des- 
titute of  diurnal  motions,  one-half  of  their  sur- 
face would  be  parched  with  perpetual  day,  and 
the  other  half  involved  in  the  gloom  of  a  perpet- 
ual night.  To  the  inhabitants  of  one  hemisphere 
the  sun  would  never  appear, and  to  the  inhabitants 
of  the  other  the  stars  would  be  invisible;  and  those 
expansive  regions  of  the  universe,  where  the 
magnificence  of  God  is  so  strikingly  displayed, 
would  be  forever  vailed  from  their  view.  The 
permanency  of  the  axes  on  which  the  planets 
revolve  was  likewise  necessary,  in  order  to  the 
stability  of  the  system  and  the  comfort  of  its 
inhabitants;  and  so  we  find  that  their  poles  point 
invariably  in  the  same  direction  or  to  the  same 
points  of  the  heavens,  with  only  a  slight  variation 
scarcely  perceptible  until  after  the  lapse  of  cen- 
turies.    As  the  planets  are  of  a  spheroidal  figure, 


frequent  and  sudden   changes,  the  most  alarming 
and    disastrous  catastrophes  might   have  ensued. 
In  such  a   globe  as  ours,  the  shifting  of  its  axis 
might  change  the  equatorial   parts  of  the   earth 
into  the  polar,  or  the  polar  into  the  equatorial,  to 
the  utter  destruction  of  those  plants  and  animals 
which  are  not  capable  of  interchanging  their  situ- 
ations.    Such  a  change  would  likewise  cause  the 
seas  to   abandon  their   former   positions,  and  to 
rush    to    the   new  equator;  the   consequence  of 
which  would  be,  that  the  greater  part  of  the  men 
and  animals  with  which  it  is  now  peopled   would 
be  again  overwhelmed  in  a  general  deluge,  and  the 
habitable  earth  reduced  to  a  cheerless  desert.    But 
all  such  disasters  are  prevented  by  the  permanent 
position  of  the  axis  of  our  globe  and  of  the  other 
planets  during  every  part  of  their  annual  revolu- 
tions, as  fixed    and   determined    by  Him  who  is 
"  wonderful  in  counsel  and  excellent  in  working." 
The  same  wisdom  is  conspicuous  in  so  nicely 
balancing  and   proportioning  the  magnitudes,  mo- 
tions, and  distances  of  the  planetary  orbs.     We 
find  that  the  larger  planets  move  in  orbits  most 
remote  from   the  smaller  planets  and   from    the 
center  of  the  system.     If  the  great  planets  Jupiter 
and  Saturn  had  moved  in  lower  spheres  and  at  no 
great  distance  from  the  smaller,  their  attractive 
force  would    have  had  a  much    more   powerful 
influence  than  it  now  has  in  disturbing  the  plane- 
tary motions,   and  might   have  introduced  con- 
siderable confusion  into  the  system.     But,  while 
they   revolve  at  so  great  distances  from  all  the 
inferior  planets,  their  influence  is  inconsiderable, 
and  the  slight  perturbations  they  produce  are  not 
permanent,  but  periodical;  they  come  to  a  limit, 
and  then  go  back  again  to  the  same  point  as  before. 
Again,  the  law  of  gravitation,  by  which  the  planets 
are  directed  in  their  motions,  is  also  an  evidence 
of  Divine  intelligence.     The  law  is  found  to  act 
reciprocally  as  the  square  of  the  distance;    that 
is,  at  double  the  distance  it  has  one-fourth,  and  at 
triple  the  distance  one-ninth  of  the  force;  atone- 
half  the  distance  it  has  four  times,  and  at  one- 
third  the  distance  it  has  nine  times  the  strength 
or  influence.     Now  it  could  easily  be  shown,  that 
a  law  directly  opposite  to  this,  or  even  differing 
materially  from  it,  would   not  only  derange  the 
harmony  of  the  system,  but  might  be  attended 
with   the  most  disastrous  consequences.     If,  for 
instance,  a  planet  as  large  and  as  remote  as  Saturn 
had  attracted  the  earth  in  proportion  to  the  quan- 
tity of  matter  it  contains,  and,  at  the  same  time, 
in  any  proportion  to  its  distance;  in  other  words, 
had  its  attractive  power  been  greater  the  farther 
it  was  removed  from   us,  it  would   have  dragged 
our  globe  out  of  its  course,  deranged  its  motions, 
and,  in  all  probability,  deprived  us  of  the  security 
we    now  possess,  and    of  all   the   prospects   and 
enjoyments  which  depend  upon  its  equable  and 
harmonious  movements.     There  is  no  contrivance 
in  the  system  more  wonderful  than  the  rings  of 
Saturn.      That  these  rings  should  be  separated 
thirty  thousand  miles  from  the  body  of  the  planet; 
that  they  should,  notwithstanding,  accompany  the 
planet  in  its  revolution  round  the  sun,  preserving 
invariably  the  same  distance  from  it;   that  they 
should  revolve  round  the  planet  every  ten  hours, 
at  the  immense  velocity  of  more  than  a  thousand 
miles  in  a  minute;  and  that  they  should   never 
fly  off  to  the  distant  regions  of  space,  nor  fall 
down  upon  the  planet,  are  circumstances  which 
require  adjustments  far  more  intricate  and  exqui- 
site than  wo  can  conceive,  and  demonstrate  that 
the  almighty  contriver  of  that  stupendous  appen- 
dage to  the  globe  of  Saturn  is  "  great  in  counsel 
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and  mighty  ill  operation."  Yet  these  adjustments, 
in  whatever  they  may  consist,  have  been  com- 
pletely etfected.  For  this  planet  has  been  flying 
through  the  regions  of  space  in  a  regular  curve 
for  thousands  of  years,  and  the  system  of  its 
satellites  and  rings  still  remains  permanent  and 
unimpaired  as  at  its  first  creation. 

An  evidence  of  wisdom  may  likewise  be  per- 
ceived in  the  distance  at  which  each  planet  is 
placed  from  the  great  central  body  of  the  system. 
In  the  case  of  our  own  globe,  its  distance  from 
the  sun  is  so  adjusted  as  to  correspond  to  the 
dent^ity  of  the  earth  and  waters,  to  the  temper 
and  constitution  of  the  bodies  of  men  and  other 
animals,  and  to  the  general  state  of  all  things 
liere  below.  The  quantity  of  light  which  the 
central  luminary  diffuses  around  us  is  exactly 
adapted  to  the  structure  of  our  eyes,  to  the  width 
of  their  pupils,  and  the  nervous  sensibility  of  the 
retina.  The  heat  it  produces,  by  its  action  on  the 
caloric  connected  vv'ith  our  globe,  is  of  such  a 
temperature  as  is  exactly  suited  to  the  nature  of 
the  soil  and  to  the  constitution  of  the  animal  and 
vegetable  tribes.  It  is  placed  at  such  a  distance 
as  to  enlighten  and  warm  us,  and  not  so  near  as 
to  dazzle  us  with  its  splendor  or  scorch  us  with 
its  excessive  heat;  but  to  cheer  all  the  tribes  of 
living  beings,  and  to  nourish  the  soil  with  its 
kindly  warmth.  Were  the  earth  removed  fifty 
millions  of  miles  farther  from  the  sun,  everything 
around  us  would  be  frozen  up,  and  we  sliould  be 
perpetually  shivering  amid  all  the  rigors  of  exces- 
sive cold.  Were  it  placed  as  much  nearer,  the 
waters  of  the  rivers  and  the  ocean  would  be 
transformed  into  vapor;  the  earth  would  be  har- 
dened into  an  impenetrable  crust;  the  process  of 
vegetation  would  cease;  and  all  the  orders  of  ani- 
,.  mated  beings  would  faint  under  the  excessive 
splendor  of  the  solar  beams.  There  can  be  no 
doubt  that  the  distances  of  the  other  planets  are 
likewise  adapted  to  the  nature  of  the  substances 
of  which  they  are  composed  and  the  constitution 
of  their  inhabitants.  We  find  that  the  densities 
of  these  bodies  decrease  in  proportion  to  their  dis- 
tance from  the  sun;  and  it  is  highly  probable  that 
this  is  one  reason,  among  others,  why  they  are 
placed  at  different  distances,  and  are  thus  adapted 
to  the  greater  or  less  degree  of  influence  which 
the  central  luminary  may  produce  on  their  sur- 
faces. 

The  figures  of  the  planetary  bodies  likewise 
indicate  contrivance  and  intelligence.  They  are 
all  either  of  a  spherical  or  spheroidal  form,  and 
this  figure  is  evidently  the  best  adapted  to  a  habi- 
table world.  It  is  the  most  capacious  of  all  forms, 
and  contains  the  greatest  quantity  of  area  in  the 
least  possible  space.  It  is  the  best  adapted  to 
motion,  both  annual  and  diurnal,  every  part  of 
the  surface  being  nearly  at  the  same  distance  from 
the  center  of  gravity  and  motion.  Without  this 
figure  there  could  have  been  no  comfortable  and 
regular  alternations  of  day  and  night  in  our  world 
as  we  now  enjoy,  and  the  light  of  the  sun  and 
the  mass  of  waters  could  not  have  been  equably 
distributed.  Had  the  earth  been  of  a  cubical, 
prismatic,  or  pentagonal  form,  or  of  any  other 
angular  figure,  some  parts  would  have  been  com- 
paratively near  the  center  of  gravity,  and  others 
hundreds  or  thousands  of  miles  farther  from  it; 
certain  countries  would  have  been  exposed  to 
furious  tempests,  which  would  have  overturned 
and  destroyed  every  object,  while  others  would 
have  been  stifled  for  want  of  currents  and  agita- 
tion in  the  air;  one  part  would  have  been  over- 
whelmed with  water,  and  another  entirely  desti- 
tute of  the  liquid  element;   one  part  might  have 


enjoyed  the  benign  influence  of  tiie  sun,  while 
another  might  have  been  within  the  shadow  of 
elevations  a  hundred  miles  high,  and  in  regions 
of  insufferable  cold.  In  short,  while  one  country 
might  have  resembled  a  paradise,  others  would 
have  been  transformed  into  a  chaos,  where 
nothing  was  to  be  seen  but  barrenness  and 
hideous  desolation;  but  the  globular  figure  which 
the  Creator  has  given  to  our  world  prevents  all 
such  inconveniences  and  evils,  and  secures  to  us 
all  the  advantages  we  enjoy  from  the  equable 
distribution  of  light  and  gravity,  of  the  waters  of 
our  seas  and  rivers,  and  of  the  winds  and  motioiia 
of  the  atmosphere;  and  arrangements  similar  or 
analogous  are  enjoyed  by  all  the  other  planetary 
workiis,  in  consequence  of  the  globular  figure 
which  has  been  impressed  upon  them. 

The  same  Divine  Wisdom  is  displayed  through- 
out the  solar  system  in  the  nice  adjustment  of  the 
projectile  velocity   to   the   attractive   power.      The 
natural   tendency  of  all  motion,  impressed  by  a 
single    force,  is   to   make    the   body  move    in   a 
straight  line.     The  projectile  force  originally  given 
to   the  planets,  if  not  counteracted,  would  carry 
them  away  from  the  sun,  in  right  lines,  through 
the  regions  of  infinite  space.     On  the  other  hand, 
had   the    planets  been  acted  upon  solely  by   an 
attractive  power  proceeding  from  the  center,  they 
would   have   moved   with   an   increased  velocity 
toward    that   center,  and,  in  a  short   time,  have 
fallen  upon  the  body  of  the  sun.     Now  the  Divine 
Intelligence  strikingly  appears  in  nicely  propor- 
tioning and  balancing  these  two  powers,  so  as  to 
make  the  planets  describe  orbits  nearly  circular. 
If  these  powers  had  not  been  accurately  adjusted, 
the  whole  system  would  have  run  into  confusion. 
For,  were  the  velocity  of  any  planet  double   to 
what  would  make  it  move  in  a  circle  or  ellipse,  it 
would  rush  from  its  sphere  through  the  regions 
of    immensity,    and    never   again   return    to    its 
former   orbit.     Or,    should    half   its   velocity   be 
taken  away,  the  planet  would  descend  obliquely 
toward  the  sun  until  it  became  four  times  nearer 
him  than  before,  and   then  ascend  to  its  former 
place;    and   by  ascending  and   descending  alter- 
nately, would  describe  a  very  eccentric  orbit,  and 
would  feel   the   influence  of  the  solar  light  and 
power  sixteen   times  greater  in   one  part  of   its 
course    than    in   another;    which   would   prevent 
such  a  globe  as  ours,  and  probably  all  the  plane- 
tary bodies,  from   being  habitable  worlds.     But, 
in  this  respect,  every  part  of  celestial  mechanism 
is  adjusted  with  the  nicest  skill,  and  the  whole 
system    appears   a   scene    of   beauty,   order,  and 
stability  worthy  of  the  intelligence  of  Him  "who 
hath  established   the  world  by  his  wisdom,  and 
stretched  out  the  heavens  by  his  understanding." 
And   as  the   power  of  gravitation  was   first  im- 
pressed upon  matter  by  the  hand  of  the  Creator, 
so  its  continued  action  is  every  moment  depen- 
dent on  his  sovereign  will.     Were  its  influence  to 
be   suspended,  the   whole    system   would  imme* 
diately  dissolve    and   run    into   confusion.     The 
centrifugal  force  of  the  planets,  in  whirling  round 
their   axes,  would  shatter  them   into  pieces  and 
dissipate  their   parts  throughout   the  circumam- 
bient spaces;  every  portion  of  matter  would  fly 
in  straight  lines,  according  as  the  [yrojectile  force 
chanced  to  direct  at  the  moment  this  power  was 
suspended;    and    the    regions    of    infinite   space, 
instead  of  presenting  a  prospect  of   beauty  and 
order,  would   become  a  scene   of   derangement, 
overspread  with  the  wrecks  of  all  the  globes  iu 
the   univers'^;  so  that  the  order  and  stability  of 
universal   nature  entirely  depends  upon   the  will 
and  the  omnipotence  of  the  Deity  in  sustaining 
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in  constant  action  the  power  of  universal  gravita-  [  creatures.  Now  all  the  movements  and  arrange- 
tion.  Were  it  his  pleasure  that  the  material  world  ments  of  the  planetary  bodies  are  so  ordeied  and 
should  be  dissolved  and  its  inhabitants  destroyed,  directed  as  to  act  in  subserviency  to  the  happiness 
he  has  only  to  interpose  his  Almighty  fiat,  and  ^  of  sentient  and  intelligent  beings.  This  is  evi- 
proclaim,  "  Let  the  power  of  attraction  be  sus- ;  dently  the  grand  design  of  all  the  wise  contrivances 
pended,"  and  the  vast  universe  would  soon  be  ;  to  which  we  have  adverted.  The  spherical  figure 
unhino-ed  and  return  to  its  original  chaos.  ]  given  to  all  tJie  planets  for  the  regular  di;nributiou 

In  short,  the  depth  of  the  Divine  Wisdom  j  of  the  waters  of  the  seas  and  rivers,  and  of  the 
might  have  been  illustrated  from  the  constant  currents  of  the  atmosphere;  their  rotation  on  theii 
proportion  between  the  times  of  the  periodical  axes,  to  produce  the  alternate  succession  of  day 
revolutions  of  all  the  planets,  primary  and  secon-  and  night ;  the  situation  of  the  sun  in  the  center 
dary,  and  the  cubes  of  their  mean  distances;  from  of  the  system,  for  the  equable  distribution  of 
the  constancy  and  regularity  of  their  motions,  i  light  and  heat  to  surrounding  planets;  and  an  ap- 
that,  amid  so  immense  a  variety  of  moving  masses, !  paratus  of  rings  and  moons,  to  reflect  a  mild 
all  should  observe  their  due  bounds  and  keep  their  j  radiance  in  the  absence  of  the  sun,  are  contri- 
appointed  paths,  to  answer  the  great  ends  of  their  vances  which  can  only  have  a  respect  to  the  cora- 
creation;  from  the  exactness  with  which  they  run  I  fort  and  convenience  of  animated  beings;  for 
theirdestinedrounds.finishingtheircircuitswithso  1  they  can  serve  no  purpose  to  mere  inert  matter 
much  accuracy  as  not  to  deviate  from  the  periods  devoid  of  life  and  intelligence,  and  the  Creator, 
of  their  revolutions  a  single  minute  in  a  hundred  |  so  far  as  we  know,  never  employs  means  without 
years  ;  from  the  distances  of  the  several  planets 
from  the  sun,  compared  with  their  respective 
densities;  from  their  velocities  in  their  orbits  com- 
pared with  their  distances  from  the  central  lumi- 
nary; from  the  wonderful  simplicity  of  the  laws 
on  which  so  much  beauty,  harmony,  and  enjoy- 
ment depend  ;  and  from  various  other  considera- 
tions, all  which  would  tend  to  demonstrate  that 
He  who  framed  the  planetary  system  is  "  the  only 
wise  God,"  whose  "  understanding  is  infinite," 
and  the  depth  of  whose  intelligence  is  "past  find- 
ing out." 

From  what  we  have  now  stated,  we  may  see 

what  a  beautiful  and  divine  fabric  the  solar  system 

exhibits.     Like  all   the  arrangements  of  Infinite 

Wisdom  its  foundations  are  plain  and  simple,  but 

its  superstructure  is  wonderful'  and  diversified. — 

The  causes  which  produce  the  effects  are  few,  but 

the  phenomena  are  innumerable.     While  the  ends 

to  be  accomplished  are  numerous  and  various,  the 

means  are  the  fewest  that  could  possibly  bring  the 

design   into    effect.     What  a  striking  contrast  is 

presented  between  the  works  of  Omnipotence  as 

they  really  exist,  and  the  bungling  schemes  of  the 

ancient  astronomers?  who,  with  all  their  cycles, 

epicycles,  concentric  and  eccentric  circles,  their 

deferents,    and    solid    crystalline    spheres,   could 

never  account  for  the  motions  of  the  planetary 

orbs,  nor  explain   their  phenomena.     The  plans 

of  the  Almighty,  both  in  the  material  world  and 

in  his  moral  government,  are  quite  unlike  the  cir- 
cumscribed and  complex  schemes  of  man.     Like 

himself,  they  are  magnificent  and  stupendous,  and 

vet  accomplished  by  means  apparently  weak  and 

simple.     All   his  works  are  demonstrations,  not 

only  of  his  existence,  but  of  his  inscrutable  wis- 
dom and  superintending  providence.  As  the  ac- 
complishments of  every  workman  are  knov^n  from 

the  work  which  he  executes,  so  the  operations  of 

the  Deity  evince   his   supreme  agency   and   his 

boundless  perfections.  What  being  less  than  infi- 
nite  could   have    arranged  the  solar  system,  and 


a  corresponding  end  in  view.  In  our  world,  the 
utility  of  these  arrangements,  in  order  to  our 
happiness,  is  obvious  to  the  least  reflecting  mind. 
Without  light  our  globe  would  be  little  else  than 
a  gloomy  prison;  for  it  is  this  that  cheers  the 
heart  of  man,  and  unvails  to  our  view  the  beauties 
and  sublimities  of  creation;  and  had  the  earth  no 
rotation,  and  were  the  sun  continually  shining  on 
the  same  hemisphere,  the  temperate  zones  as  well 
as  the  equatorial  regions  would  be  parched  with  a 
perpetual  day,  the  moisture  of  the  soil  evaporated, 
the  earth  hardened,  vegetables  deprived  of  nour- 
ishment, the  functions  of  the  atmosphere  deranged, 
and  numerous  other  inconveniences  would  ensue, 
from  which  we  are  now  protected  by  the  existing 
arrangements  of  nature;  and  as  such  contrivances 
are  essential  to  the  comfort  of  the  inhabitants  of 
the  earth,  so  we  have  every  reason  to  conclude 
that  these  and  all  the  adJitional  arrangements 
connected  with  other  planets  are  intended  to  pro- 
mote the  enjoyment  of  the  different  orders  of 
sensitive  and  intelligent  existence  with  which  they 
are  peopled.  > 

As  the  object  of  the  wise  contrivances  of  the 
Deity  is  the  communication  of  happiness,  it  would 
be  inconsistent  with  every  rational  view  we  can 
take  of  his  wisdom  and  intelligence  not  to  admit 
that  the  same  end  is  kept  in  view  in  eoery  part  of 
his  dominions,  however  far  removed  from  the 
sphere  of  our  immediate  contemplation,  and 
though  we  are  not  permitted,  in  the  meantime,  to 
inspect  the  minute  details  connected  with  the 
economy  of  other  worlds  ;  for  the  Creator  must 
always  be  considered  as  consistent  with  himself, 
a.s  acting  on  the  same  eternal  and  immutable  prin- 
ciples at  all  times,  and  throughout  every  depart- 
ment of  his  empire.  He  cannot  be  supposed  to 
devise  means  in  order  to  accomplish  important 
ends  in  relation  to  our  world,  wiiile  in  other  re- 
gions of  creation  he  devises  means  for  no  end  at 
all.  To  suppose,  for  a  moment,  such  a  thing 
possible,  would  be  liighly  derogatory  to  the  Divine 


launched   from  his   hand  the  huge  masses  of  the  '  character,  and  would  confound  all  our  ideas  of  the 


planetary  worlds?  What  mathematician  could  so 
nicely  calculate  their  distances  and  arrange  their 
motions?  Or  what  mechanic  so  accurately  con- 
trive their  figures,  adjust  their  movements,  or 
balance  their  projectile  force  with  the  power  of 
gravitation  ?  None  but  He  whose  power  is  su- 
preme and  irresistible,  whose  agency  is  universal, 
and  whose  wisdom  is  unsearchable. 

In  the  last  place,  the  planetary  system  exhibits 
a  display  of  the  goodness  of  the  Creator  and  of 
his  superintending  care.  The  goodness  of  God  is 
that  perfection  of  his  nature  by  which  he  delights 
to  communicate  happiness  to  every  order  of  his 


harmony  and  consistency  of  the  attributes  of  him 
who  is  "  the  only  wise  God."  We  have,  there- 
fore, the  highest  reason  to  conclude,  that  not  only 
this  earth,  but  the  whole  of  the  planetary  system, 
is  a  scene  of  divine  benevolence;  for  it  displays  to 
our  view  a  number  of  magnificent  globes,  with 
special  contrivances  and  arrangements,  all  fitted 
to  be  the  abodes  of  intelligent  beings,  and  to  con- 
tribute to  their  enjoyment.  Every  provision  has 
been  made  to  supply  them  with  tliat  light  which 
unfolds  the  beauties  of  nature  and  the  glories  of 
the  firmament.  All  the  arrangements  for  its 
equable  distribution  have  been  effected,  and  several 
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wonderful  modes  unknown  in  our  world  have 
besn  contrived  for  alleviating  their  darkness  in 
the  absence  of  the  sun,  all  which  contrivances 
are,  doubtless,  accompanied  with  many  others 
which  lie  beyond  the  range  of  our  conception,  and 
which  our  remote  distance  prevents  us  from  con- 
templating. In  proportion,  then,  as  the  other 
planets  exceed  the  earth  in  size,  in  a  similar  pro- 
portion, we  may  conceive,  is  the  extent  of  that 
theater  on  which  the  Divine  goodness  is  displayed. 
If  this  "earth  is  full  of  the  goodness  of  the 
Lord,"  if  the  benevolence  of  the  Creator  has  dis- 
tributed unnumbered  comforts  among  every  order 
of  creatures  here  below,  what  must  be  the  exu- 
berance of  his  bounty,  and  the  overflowing 
streams  of  felicity  enjoyed  in  worlds  which  con- 
tain thousands  of  times  the  population  of  our 
globe  !  If  a  world  which  has  been  partly  de- 
ranged by  the  sin  of  its  inhabitants  abounds  with 
so  many  pdeasures,  what  numerous  sources  of 
happiness  must  abound,  and  what  ecstatic  joys 
must  be  felt  in  those  worlds  where  mortal  evil  has 
never  entered,  where  diseases  and  death  are  un- 
known, and  where  the  inhabitants  bask  perpetu- 
ally in  the  regions  of  immortality  !  Were  we 
permitted  to  take  a  nearer  view  of  the  enjoyments 
of  some  of  those  worlds,  were  we  to  behold  the 
maijnificent  scenery  with  which  they  are  encir- 
cled, the  riches  of  Divine  munificence  which  appear 


on  every  hand,  the  inhabitants  adorned  with 
the  beauties  of  moral  perfection,  and  every  socie- 
ty cemented  by  the  bond  of  universal  love,  and 
displaying  the  virtues  of  angelic  natures,  it  is 
highly  probable  that  all  the  enjoy  menls  of  this  ter- 
restrial sphere  would  appear  only  "as  the  drop  of 
a  bucket  and  the  small  dust  of  the  balance,"  and 
as  unworthy  of  our  regard  in  comparison  of  the 
overflowing  fountains  of  bliss  which  enrich  the 
regions  and  gladden  the  society  of  the  celestial 
worlds.  In  tins  point  of  view  what  a  glorious 
and  amiable  being  does  the  eternal  Jehovah  ap- 
pear !  "God  is  love."  This  is  his  name  and  his 
memorial  in  all  generations  and  throughout  all 
worlds.  Supremely  happy  in  himself  and  inde- 
pendent of  all  his  creatures,  his  grand  design  in 
forming  and  arranging  so  many  worlds  could 
only  be  to  display  the  riches  of  his  beneficence, 
and  to  impart  felicity,  in  all  its  diversified  forms, 
to  countless  orders  of  intelligent  beings,  and  to 
every  rank  of  perce])tive  existence.  And  how 
extensive  his  goodness  is,  not  only  throughout  the 
planetary  system,  but  over  all  the  regions  of  uni- 
versal nature,  it  is  impossible  for  tl)e  tongues  of 
men  or  angels  to  declare,  or  the  highest  powers 
of  intelligence  to  conceive.  But  of  this  we  are 
certain,  that.  "Jehovah  is  good  to  all;"  that  "his 
bounty  is  great  above  the  heavens;"  and  that  "his 
tender  mercies  are  over  all  his  works." 


CHAPTEK  VI. 

SUMMARY  VIEW   OF   THE    MAGNITUDE   OF   THE   PLANETARY  SYSTEM. 


Having,  in  the  preceding  pages,  given  a  brief 
description  of  the  principal  facts  and  phenomena 
connected  with  the  solar  system,  and  offered  a  few 
reflections  suggested  by  the  subject,  it  may  not  be 
inexpedient  to  place  before  the  reader  a  summary 
view  of  the  magnitude  of  the  bodies  belonging  to 
this  system,  as  compared  with  the  population  and 
magnitude  of  the  globe  on  which  we  live.  In 
this  summary  statement  I  shall  chiefly  attend  to 
the  area  or  superficial   contents  of   the  different 


planets,  which  is  the  only  accurate  view  we  can 
take  of  their  magnitudes,  when  we  compare  them 
with  each  other  as  habitable  worlds.  The  popula- 
tion of  the  different  globes  is  estimated,  as  in  the 
preceding  descriptions,  at  the  rate  of  280  inhab- 
itants to  a  square  mile,  which  is  the  rate  of 
population  in  England,  and  yet  this  country 
is  by  no  means  overstocked  with  inhabitants, 
but  could  contain,  perhaps,  double  its  present 
population. 
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Amount 78,195,916,784  .  .21,894,974,404,480  .  .654,038,348,119,246 


From  the  above  statement,  the  real  magnitude  I  to  the  amplitude  of  our  own  globe,  we  have  only 
of  all  the  moving  bodies  connected  with  the  solar  to  divide  the  different  amounts  stated  at  the  bottom 
feyslem  may  at  once  be  perceived.  If  we  wish  to  of  the  table  by  the  area,  solidity,  or  population  of 
ascertain  w^hat  proportion  these  magnitudes  bear  '  the  earth.     The  amount  of  area,  or  the  superficial 
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contents  of  all  the  planets,  primary  and  secondary, 
is  78,195,916,784;  or  above  seventy-eight  thousand 
millions  of  square  miles.  If  this  sum  be  divided 
by  197,000,0(JO,  the  number  of  square  miles  on  the 
surface  of  our  globe,  the  quotient  wilt  be  .'397;  show- 
ing that  the  surfaces  of  these  globes  are  397  times 
more  expansive  than  tiie  whole  surface  of  the  ter- 
raqueous globe;  or,  in  other  words,  that  they  con- 
tain au  amplitude  of  space  for  animated  beings 
equal  to  nearly/our  hundred  loorlds  such  as  ours. 
If  we  divide  the  same  amount  by  49,000,000,  the 
number  of  square  miles  in  the  habitable  parts  of 
the  earth,  the  quotient  will  be  1595;  showing  that 
the  surface  of  all  the  planets  contains  a  space 
equal  to  one  thousand  five  hundred  and  ninety- 
five  times  the  area  of  all  the  continents  and  islands 
of  our  globe.  If  the  amount  of  population  which 
the  planets  might  contain,  namely,  21,894,974,- 
404,480,  or  nearly  twenty -two  billions,  be  divided 
by  800,000,000,  the  population  of  the  earth,  the 
quotient  will  be  27,368;  which  shows  that  the 
planetary  globes  could  contain  a  population  more 
than  twenty-seveu  thousand  times  the  population 
of  our  globe;  in  other  words,  if  peopled  in  the 
proportion  of  England,  they  are  equivalent  to 
tweuty-seveu  thousand  worlds  such  as  ours  in  its 
present  state  of  population.  The  amount  of  the 
third  column  ixpresses  the  number  of  solid  miles 
comprised  in  all  the  planets,  which  is  654,038,- 
348,119,246,  or  more  than  six  hundred  and  fifty- 
four  billions.  If  this  number  be  divided  by  263,000,- 


000,000,  the  number  of  cubical  miles  in  the  eart! 
the  quotient  will  be  2483,  which  shows  that  tb 
solid  bulk  of  the  other  planets  is  two  thousand  fouj 
hundred  and  eighty-three  times  the  bulk  of  our 
globe.  Such  is  the  immense  magnitude  of  our 
planetary  system,  without  taking  into  account 
either  the  sun  or  the  hundreds  of  comets  wnich 
have  been  observed  to  traverse  the  planetary 
regions. 

Great,  however,  as  these  magnitudes  are,  they 
are  far  surpassed  by  that  stupendous  globe  which 
occupies  the  center  of  the  system.     The  suriaco 
of    the   sun    contains   2,  432,800,000,000   square 
miles    (nearly  two  and  a  half   billions).     If  this 
sum  be  rightly  divided  by  197  millions,  the  num- 
ber of  square  miles  on  the  earth's   surface,  the 
quotient  will    be    12,350,  which   shows  that  the 
surface  of  the  sun  contains  twelve  thousand  three 
hundred  and  fifty  times  the  quantity  of  surface 
on  our   globe.     If  the  same   sum  be  divided    by 
78,195,916,784,  the  number  of  square  miles  in  all 
the  planets,  the  quotient  will  be  31,  showing  that 
the  area  of   the  surface  of  the  sun  is  thirty-one 
times  greater  than    the  area  of  all    the  primary 
planets,  with  their  rings  and  satellites.     The  solid 
contents  of  the  sun  amount  to  356,818,739,200,- 
000,000,  or  nearly  three  hundred  and  fifty-seven 
thousand  billions  of  cubical  miles,  which  number, 
if  divided  by  654,038,348,119,246,  the  number  of 
solid  miles  in  all  the  planets,  will  produce  a  quo- 
tient of  545,  which  shows   that   the  sun  is  five 
hundred  and  forty-five  times  larger  than 
all  the  planetary  bodies   taken    together. 
Such   is   the  vast   and    incomprehensible 
magnitude  of  this  stupendous  luminary, 
whose  effulgence  sheds  day  over  a  retinue 
of  revolving  worlds,  and  whose  attractive 
energy  controls    their  motions  and   pre- 
serves them  all  in  one  harmonious  system. 
If  this  immense  globe  be  flying  through 
the  regions  of  space  at  the  rate  of  sixty 
thousand   miles  an  hour,  as  is  supposed, 
and  carrying  along  with  it  all  the  planets 
of  the  system,  it  presents  to  the  mind  one 
of  the  most  sublime  and  overwhelming  ideas 
of  motion,  magnitude,  and  grandeur  which 
the   scenes  of    the  universe  can  convey. 
The  comparative  magnitudes  of  the  dif- 
ferent bodies  in  the  system  are  represented 
to  the  eye  in  Fig.  91,  where  the  circle  at 
the  top,  No.  1,  represents  Jupiter;   No.  2, 
Saturn;  No.  3,  Uranus;  No.  4,  the  Earth; 
adjacent    to   which,    on    the   left,   is   the 
Moon;  No.  5,  Mars;  No.  6,  Venus;  and 
No.  7,  Mercury.     The  four  small  circles 
at  the  bottom  are  the  planets  Vesta,  Juno, 
Ceres,  and  Pallas,  whose  proportional  sizes 
cannot   be    accurately  represented.     The 
other  small  circles  connected  with  Jupiter, 
Saturn,  and  Uranus,  are  intended  to  re- 
present   the    satellites    of    these   planets, 
which    in   general    may  be   estimated    as   • 
considerably  larger  than  our  moon.    These 
comparative  magnitudes  are  only  approx- 
imations to  the  truth;  for  it  would  require 
a  large  sheet  were  we  to  attempt  delineat- 
ing them  with  accuracy;   but  the  figure 
will  convey  to  the  eye  a  general  idea  of 
the  comparative  bulks  of  these  bodies,  in 
so  far  as  it  can  be  conveyed  by  a  compar 
ison  of  their  diameters;*  but  no  represen- 


•  The  reader  wil  find  a  compnrative  view  of 
the  distances  and  magnitudes  ol"  the  planet*,  en- 
graved on  a  very  large  sheet,  in  "  Hurritt's  Geogra- 
phy of  the  Heavers  "  published  at  Hartford,  North 
America. 
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tution  on  a  plane  surface  can  convey  an  idea  of  the 
solid  contents  of  these  globes  as  compared  with 
each  otiier.  The  reader  will  perceive  tlie  great 
disparity  of  globes,  whose  diameters  do  not  differ 
very  widely  from  each  other,  if  he  place  a  globe 
of  twelve  inches  diameter  beside  one  of  eighteen 
inches  <liameter.  Though  these  globes  differ  only 
six  inches  in  their  diameters,  yet  he  will  at  once 
perceive  that  the  eighteen-inch  globe  contains 
more  than  double  the  surface  of  the  twelve-inch; 
and  the  solid  space  which  it  occupies  contains 
3?^  limes  the  space  occupied  by  the  smaller  globe. 
Were  the  sun  to  be  represented  in  its  proportional 
size  to  Jupiter  and  the  other  planets,  it  would  fill 
a  space  twenty  inches  in  diameter.  On  the  same 
scale  in  which  the  planets  are  delineated,  Saturn's 
ring  would  occupy  a  space  four  and  a  half  inches 
in  diameter.  From  these  representations  we  may 
see  how  small  a  space  our  earth  occupies  in  the 
planetary  system,  and  what  an  inconsiderable  ap- 
pearance it  presents  in  comparison  with  Jupiter, 
Saturn,  and  Uranus.  Fig.  92  represents  the  pro- 
portional distances  of  the  primary  planets  from  the 
snn,  from  which  it  will  be  seen  that  Saturn,  which 
was  formerly  considered  the  most  distant  planet, 
occupies  nearly  the  middle  of  the  system. 

In  Fig.  9.3  is  represented  a  comparative  view 
of  the  earth  and  the  rings  of  Saturn.  The  small 
circle  at  the  right  hand  side  represents  the  lineal 
proportion  of  our  globe  to  those  stupendous  arcb.es, 
so  that  the  eye  may  easily  perceive  that  hundreds 
of  worlds  such  as  ours  could  be  inclosed  witliin 
such  expansive  rings.  Fig.  94  represents  the  pro- 
portion which  the  sun  bears  to  the  planet  Jupiter, 
the  largest  planetary  orb  in  the  system.  The 
large  circle  represents  the  sun,  and  the  small 
circle  Jupiter.  If  the  earth  were  to  be  represent- 
ed on  the  same  scale,  it  would  appear  like  a  point  I 


scarcely  perceptible.  It  is  chiefly  by  the  aid  of 
such  tangible  representations  that  the  mind  can 
form  any  idea  appro.\imating   to  the  reality  of 

Fig.  93. 


such  magnitudes  and  proportions;  and,  after  all 
its  efforts,  its  views  of  such  stupendous  objects 
are  exceedingly  imperfect  and  obscure. 


CHAPTER    VII. 

ON  THE   METHOD  BY  WHICH   THE   DISTANCES   AND   MAGNITUDES  OF   THE 
HEAVENLY  BODIES   ARE  ASCERTAINED. 


There  is  a  degree  of  skepticism  among  a  cer- 
tain class  of  readers  in  regard  to  the  conclusions 
which  astronomers  have  deduced  respecting  the 
distances  and  magnitudes  of  the  celestial  bodies. 
They  are  apt  to  suspect  that  the  results  they  have 
deduced  are  merely  conjectural,  and  that  it  is  im- 
possible for  human  beings  to  arrive  at  anything 
like  certainty,  or  even  probability,  in  regard  to 
distances  so  immensely  great,  and  to  magnitudes 
80  far  surpassing  everything  we  see  around  us  on 
this  globe.  Hence  it  is  that  the  assertions  of 
astronomers  as  to  these  points  are  apt  to  be  called 
in  question,  or  to  be  received  with  a  certain  de- 
gree of  doubt  and  hesitation,  as  if  they  were  be- 
yond the  limits  of  truth  or  probability.  And 
hence  such  persons  are  anxious  to  inquire,  "How 
can  astronomers  find  out  such  things?"  "Tell  us 
by  what  methods  they  can  measure  the  distances 
of  the  planets  and  determine  their  bulks?"  Such 
questions,  however,  are  more  easily  proposed  than 
answered;  not  from  any  difficulty  in  stating  the 
principles  on  which  astronomers  proceed  in  their 
investigations,  but  from  the  impossibility,  in  many 
iustances,  of  conveying  an  idea  of  these  princi- 
ples to  those  who  are  ignorant  of  the  elements  of 


geometry  and  trigonometry.  A  very  slight  ac- 
quaintance with  these  branches  of  the  mathemat- 
ics, however,  is  sufficient  to  enable  a  person  to 
understand  the  mode  by  which  the  distances  of 
the  heavenly  bodies  are  determined;  but  a  certain 
degree  of  information  on  such  subjects  is  indis- 
pensably requisite,  without  which  no  satisfactory 
explanation  can  be  communicated. 

In  offering  a  few  remarks  on  this  subject,  1 
shall,  in  the  first  place,  state  certain  considerations, 
level  to  the  comprehension  of  the  general  reader, 
which  prove  that  the  celestial  bodies  are  much 
more  distant  from  the  earth,  and.  consequently, 
much  larger  than  they  are  generally  supposed  to 
be  by  the  vulgar,  and  those  who  are  ignorant  of 
astronomical  science;  and,  in  the  next  place,  shall 
give  a  brief  view  of  the  mathematical  principles 
on  which  astronomers  proceed  in  their  calculations. 

When  a  common  observer  views  the  heavens 
for  the  first  time,  previous  to  having  received  any., 
information  on  the  subject,  he  is  apt  to  imagine 
that  the  sun,  moon,  and  stars  are  placed  in  the 
canopy  of  the  sky  at  nearly  the  same  distance 
from  the  earth,  and  that  this  distance  is  on.y  a 
little  beyond   the  region  of  the  clouds;  for  it  is 
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impossible,  merely  by  the  eye,  to  judge  of  the  re- 
lative distances  of  such  objects.  Previous  to  expe- 
rience, it  is  probable  that  we  could  form  no  correct 
idea  of  the  relative  distances  of  any  objects  whatever 
The  young  man  who  was  born  blind,  and  who  was 
restored  to  sight  at  the  age  of  tliirteen,  by  an  ope- 
ration performed  by  Mr.  Cheselden,  could  form 
no  idea  of  the  distances  of  the  new  objects  pre- 
sented to  his  visual  organs.  He  supposed  every- 
thing he  saw  touched  his  eyes,  in  the  same  man- 
ner as  everything  he  felt  touched  his  skin.  An 
object  of  an  incli  diameter  placed  before  his  eyes, 
which  concealed  a  house  from  his  sight,  appeared 
to  him  as  large  as  tlie  house.  What  he  had 
judged  to  be  round  by  the  help  of  his  hands  he 
could  not  distinguish  from  what  he  had  judged  to 
be  square  ;  nnr  could  he  discern  by  his  eyes 
whether  what  his  hands  had  perceived  to  be  above 
or  below  was  really  above  or  below  ;  and  it  was 
not  until  after  two  months  that  he  could  distinguish 
pictures  from  solid  bodies.  In  like  manner  we  are 
apt  to  be  deceived  in  our  estimate  of  the  distances 
of  objects  by  the  eye,  particularly  of  those  which 
appear  in  the  concave  of  the  heavens;  and  reason 
and  reflection  must  supply  the  deficiency  of  our  vi- 
sual organs  before  we  can  arrive  at  any  definite  con- 
clusions respecting  objects  so  far  beyond  our  reach. 
That  the  heavenly  bodies,  particularly  the  sun, 
are  much  greater  than  they  appear  to  the  vulgar 
eye,  may  be  proved  by  the  following  considera- 
tion :  When  the  sun  rises  due  east  in  the  morn- 
ing, his  orb  appears  just  as  large  as  it  does  when 
he  comes  to  the  meridian  at  midday.  Yet  it  can 
bo  shown  that  the  sun,  when  he 'is  on  our  meri- 
dian, is  about  4000  miles  nearer  us  than  when  he 
rose  in  the  morning.  This  may  be  illustraled  by 
the  following  figure. 

Fig.  95. 
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Let  A  B  C  D  represent  the  earth,  and 
S  the  sun  at  the  point  of  his  rising.  Sup- 
pose the  line  A  E  C  to  represent  the 
meridian  of  a  certain  place,  and  A  ox  E 
the  place  of  a  spectator.  When  the  sun, 
in  his  apparent  diurnal  motion,  comes 
opposite  the  meridian  A  C,  he  is  a  whole 
scmiuiameter  of  the  earth  nearer  the  spec- 
tator at  E  than  when  he  appeared  in  the 
eastern  horizon.  This  semiuiameter  is  re- 
presented by  the  lines  A  H,  E  B,C  G, 
and  is  equal  to  3965  miles.  Now  were 
the  sun  only  four  thousand  miles  distant 
from  the  earth,  and  consequently,  eight 
thousand  miles  from  us  at  his  rising,  he 
would  be  nearly  four  thousand  miles 
nearer  us  when  on  the  meridian  than  at 
his  rising;  and,  consequently,  he  would 
appear  twice  the  diameter,  and  four  times 
as  large  in  surface  as  he  does  at  the  time 
of  his  rising.  But  observation  proves  that 
thei-e  is  no  perceptible  difference  in  his 
apparent  magnitude  in  these  different  po- 
sitions; therefore  the  sun  must  be  much 
more  distant  from  the  earth  than  four 
thousand  miles.     If  his  distance  were  only  120,- 

000  miles,  his   apparent   diameter  would  appear 

1  -SOth  part  broader  when  on  the  meridian  than  at 


the  time  of  his  rising,  and  the  difference  could 
easily  be  determined;  but  no  sucli  difference  is 
percei)tible;  therefore  the  sun  is  still  more  distant 
than  one  hundred  and  twenty  thousand  niiies. — 
And,  as  the  real  size  of  any  body  is  in  proportion 
to  its  distance,  compared  with  its  nppartnt  size, 
the  sun  must,  from  this  consideration  alone,  be 
more  than  1200  Uiiles  in  diameter,  and  must  con- 
tain nmrc  than  nine  hundred  niiliiuns  of  cubical 
miles.  But  how  much  greater  bis  distance  and 
magnitude  are  than  wliai  is  now  stated  cannot  be 
determined  from  such  observations. 

The  same  idea  may  be  illustrated  as  follows: 
Suppose  a  spectator  at  Edinburgh,  which  may  be 
repn-sented  by  the  point  -1  (Fig.  95),  and  another 
at  Capetown,  in  the  soutliern  extriMiiily  of  Africa, 
about  the  time  of  our  winter  solstice,  which  po- 
sition may  be  represented  by  the  point  E;  both 
spectators  might  see  the  sun  at  the  same  moment, 
and  he  would  appear  exactly  of  the  same  size 
from  both  positions.  Yet  such  spectators  would 
be  more  than  4000  miles  distant  from  each  other 
in  a  straiijld  line,  and  the  observer  at  Capetown 
would  be  several  thousands  of  miles  nearer  the 
sun  than  the  one  at  Edinburgh.  Now  if  the  sun 
were  only  a  few  thousands  of  miles  from  the 
earth,  he  would  appear  of  a  very  difl^:^rent  ma^ni- 
tudt  to  observers  removed  so  far  from  each  oHier 
which  is  contrary  to  fact.  Consequently,  the  sn?i 
must  be  at  a  very  great  distance  from  the  earth, 
and  his  real  size  proportionable  to  that  distance. 
For  experience  proves  that  objects  which  are  of 
great  magnitude  may  appear  comparatively  small 
when  removed  from  us  to  a  great  distance.  The 
lofty  vessel,  as  it  recedes  from  the  coast  toward 
the  ocean,  gradually  diminishes  in  its  apparent 
size,  until  at  lenglh  it  appears  as  a  scarcel}'  dla 
tinguishable  speck  on  the  verge  of  the  horizon, 
and  the  aeronaut  with  his  balloon,  wlien  they  have 
ascended  be)'ond  the  region  of  the  clouds,  appear 
only  as  a  small  dusky  spot  on  the  canopy  of  the 
sky,  and  sometimes  entirely  disuppear. 

The  following  argument,  which  is  level  to  the 
comprehension  of  every  reflecting  mind,  proves 
that  the  s>in  is  larger  than  the  whole  globe  of  the 
earth,  and  that  the  moon  is  considerably  less. 
Previous  to  the  application  of  the  argument  to 
which  I  allude,  it  may  be  proper  to  illustrate  the 


law  of  shadows.  The  law  by  which  the  shad- 
ows of  globes  are  projected  is  as  follows:  When 
the  luminous  body  is  larger  in  diameter  than  the 
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opaque  bodj%  the  shadow  which  it  projects  con- 
verges to  a  point  which  is  the  vertex  of  a  cone, 
as  in  Fig.  96.  When  the  luminous  and  the  opaque 
body  are  of  an  equal  size,  the  shadow  is  cylindri- 
cal, and  passes  on  from  the  opaque  body  to  an 
indefinite  extent,  as  represented  in  Fig.  97.  When 
the  luminous  body  is  less  than  the  opaque,  the 
shadow  extends  in  breadth  beyond  the  opaque 
body,  and  grows  broader  and  broader  in  propor- 
tion to  its  distance  from  the  opaque  globe,  as  in 
Fig.  98.  This  may  be  illustrated  by  holding  a 
ball  three  or  four  inches  in  diameter  opposite  to 
a  candle,  when  the  shadow  of  the  ball  will  be 
seen  to  be  larger  in  diameter  in  proportion  to  the 
distance  of  the  wall  or  screen  on  which  the 
shadow  is  projected.  Now  it  is  well  known,  and 
will  readily  be  admitted,  that  an  eclipse  of  the 
moon  is  caused  by  the  shadow  of  the  earth  fall- 
ing upon  the  moon,  when  the  sun,  earth,  and 
moon  are  nearly  in  a  straight  line  with  respect 
to  each  other;  and  that  an  eclipse  of  the  sun  is 
caused  by  the  shadow  of  the  moon  falling  upon 
a  certain  portion  of  the  earth.  Let  S  (Fig.  99) 
represent  the  sun;  E,  the  earth;  and  M,  the  moon, 
nearly  in  a  straight  line,  which  is  the  position  of 
these  three  bodies  in  an  eclipse  of  the  moon.  The 
shadow  of  the  earth,  at  the  distance  of  tlie  moon, 
is  found  to  be  of  a  less  diameter  than  the  diame- 
ter of  the  earth.  This  is  ascertained  by  the  time 
which  the  moon  takes  in  passing  through  the 
shadow.  The  real  breadth  of  that  shadow,  at  the 
moon's  distance  from  the  earth,  is  about  5900 
miles,  sometimes  more  and  sometimes  less,  accor- 
ding as  the  moon  is  nearer  to  or  farther  from  the 
earth;  but  the  diameter  of  the  earth  is  nearly 
8000  miles;  therefore  the  shadow  of  the  earth 
gradually  decreases  in  breadth  in  its  progress 
through  space,  and,  by  calculation,  it  is  found 
'^lat  it  terminates  in  a  point,  as  in  Fig.  96,  at  the 
distance  of  about  850,000  miles.  But  when  a 
luminous  globe  causes  the  shadow  of  an  opaque 
globe  to  converge  toward  a  point,  as  in  Fig.  96, 
the  luminous  body  must  be  larger  in  diameter 
than  the  opaque  one.  The  sun  is  the  luminous 
body  which  causes  the  earth  to  project  a  shadow 
on  the  moon;  this  shadow,  at  the  moon,  is  less  in 
breadth  than  the  diameter  of  the  earth;  therefore 
it  inevitably  follows  that  the  sun  is  larger  than  the 
earth;  but  how  much  larger  cannot  be  determined 
fi"om  such  considerations. 

From  the  same  premises  it  necessarily  follows 
that  the  moon  is  Less  than  tho  earth.  For  the 
moon  is  sometimes  completeh^  covered  by  the 
shadow  of  the  earth,  although  this  shadow  is  less 
than  the  earth's  diameter,  and  not  only  so,  but 
son^etimes  takes  an  hour  or  two  in  passing  through 
the  shadow.  If  the  sun  were  only  equal  to  the 
earth  in  size,  the  earth's  shadow  would  be  projec- 
ted to  an  indefinite  extent,  and  be  always  of  the 
same  breadth,  and  might  sometimes  eclipse  the 
planet  Mars  when  in  opposition  to  the  sun.  If 
the  sun  were  less  tlian  the  earth,  the  shadow  of 
the  earth  would  increase  in  bulk  the  farther  it 
extended  through  space  (as  represented  in  Fig.  98), 
and  would  eclipse  the  great  planets  Jupiter,  Sat- 
urn, and  Uranus,  with  all  their  moons,  wlien  they 
happened  to  be  near  their  opposition  to  the  sun; 
nnd  in  this  case  they  would  be  deprived  of  the 
light  of  the  sun  for  many  days  together.  In  such 
a  case,  too,  the  sun  would  sometimes  be  eclipsed 
to  the  earth  by  tho  planet  Venus,  when  in  its 
inferior  conjiinction  with  that  luminary  :  an 
eclipse  which  might  cause  a  total  darkness  of 
several  hours'  continuance.  In  short,  ii  the  sun 
were  loss  than  any  one  of  the  planets,  the  system 
would  be  thrown  into  confusion  by  the  shadows 


of  all  these  bodies  increasing  in  proportion  to  their 
distance,  and  interrupting,  periouically,  for  a 
length  of  time,  the  communications  of  light  and 
heat.  But  as  none  of  these  things  ever  happen, 
it  is  evident  that  the  sun  is  much  larger  than  the 
whole  terraqueous  globe. 

All  that  requires  to  be  taken  for  granted  by  the 
unlearned  reader  in  this  argument  is,  that  the 
earth  is  a  globular  body;  that  an  eclipse  of  the 
moon  is  caused  by  the  shadow  of  the  earth  falling 
upon  that  orb;  and  that  the  shadow  of  the  earth, 
at  the  distance  of  the  moon,  is  of  less  breadth 
than  the  earth's  diameter.  The  first  two  posi- 
tions will  readily  be  admitted;  and  the  third  posi- 
tion, respecting  the  breadth  of  the  earth's  shadow, 
may  be  received  on  the  ground  of  what  has  been 
above  stated,  and  on  the  authority  of  astronomers. 
For,  if  they  were  ignorant  of  this  circumstance, 
they  could  not  calculate  eclipses  with  so  much 
accuracy  as  they  do,  and  predict  the  precise  mo- 
ment of  the  beginning  and  end  of  a  lunar  eclipse 
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If,  then,  any  individual  is  convinced,  from  tho 
consideration  above  stated,  that  the  sun  must  be 
niuch  larger  than  the  earth,  he  has  advanced  one 
step  in  his  conceptions  of  the  magnificence  of  th« 
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heavenly  bodies,  and  may  rest  with  confidence  on 
the  assertions  of  astronomers  in  reference  to  the 
real  distances  and  magnitudes  of  these  orbs,  al- 
though lie  may  not  be  acquainted  with  the  mathe- 
matical principles  and  investigations  on  whicli 
their  calculations  proceed. 

Before  proceeding  to  the  illustration  of  the  trig- 
onometrical principles  on  whicli  astronomers  pro- 
ceed in  determining  the  true  distances  of  the 
heavenly  bodies,  it  may  be  requisite,  for  the  un- 
learned reader  to  give  a  description  of  the  nature 
of  angles  and  the  mode  by  which  tiiey  are  meas- 
ured. An  angle  is  the  opening  between  any  two 
lines  which  touch  each  other  in  a  point;  and  the 
width  of  the  opening  determines  the  extent  of  the 
angle,  or  the  number  of  degrees  or  minutes  it  con- 
tains. Thus  if  we  open  a  pair  of  compasses,  the 
legs  of  which  may  be  represented  by  A  B,  B  C, 
Fig.  100,  an  angle  is  formed  of  different  dimen- 
sions, according  as  the  extremities  of  the  legs  are 
removed  farther  from  or  brought  nearer  to  each 
other.  If  the  legs  are  made  to  stand  perpendicu- 
lar to  each  other,  as  in  Fig.  101,  the  angle  is  said 
to  be  a  right  angle,  and  contains  ninety  degrees,  or 
the  fourth  part  of  a  circle.  The  walls  of  a  room 
generally  stand  at  right  angles  to  the  floor.  If  the 
legs  be  separated  more  than  a  right  angle,  they 
form  what  is  termed  an  obtuse  angle,  as  in  Fig. 
102.  When  the  angle  is  less  than  a  right  angle, 
it  is  called  an  acute  angle,  as  in  Fig.  100,  and, 
consequently,  contains  a  less  number  of  degrees 
than  ninety.  All  angles  are  measured  by  the  arc 
of  a  circle  described  on  the  angular  point;  and 
every  circle,  whether  great  or  small,  is  divided 
into  360  equal  parts,  called  degrees.  Thus,  if  I 
want  to  know  the  quantity  of  an  angle  at  K, 
(Fig.  103)  I  place  one  point  of  the  compasses  at 
tlie  angular  point  K,  and  describe  the  arc  of  a 
circle  between  the  two  sides  L  K,  K  M,  and  what- 
ever number  of  degrees  of  a  circle  is  contained 
between  them  is  the  quantity  or  measure  of  the 
angle.  If,  as  in  the  present  case,  the  angle  con- 
tains the  eighth  part  of  a  circle  or  half  a  right 
angle,  it  is  said  to  be  an  angle  of  forty-five  de- 
grees. A  triangle  is  a  figure  which  contains  three 
angles  and  three  sides,  as  O  P  Q,  Fig.  104.  It  is 
demonstrated  by  mathematicians,  that  the  three 
angles  of  every  triangle,  whatever  proportion 
these  angles  may  bear  to  each  other,  are  exactly 
equal  to  two  right  angles,  or  180  degrees.  Thus, 
in  the  triangle  O  P  Q,  the  angle  at  Q  is  a  right 
angle,  or  ninety  degrees,  and  the  other  two  angles, 
O  and  P,  are  together  equal  to  ninety  degrees;  so 
that,  if  one  of  these  angles  be  known,  the  other 
is  found  by  subtracting  the  number  of  degrees  in 
the  known  angle  from  ninety.  Thus,  if  the  angle 
at  P  be  equal  to  thirty  degrees,  the  angle  at  O 
will  be  equal  to  sixty  degrees.  Hence,  if  any  two 
angles  of  a  triangle  be  known,  the  third  may  be 
found  by  subtracting  the  sum  of  the  two  known 
angles  from  180  degrees,  the  remainder  will  be 
the  number  of  degrees  in  the  third  angle.  All 
the  triangles  have  their  greatest  sides  opposite  to 
their  greatest  angles;  and  if  all  the  angles  of  the 
triangle  be  equal,  the  sides  will  also  be  equal  to 
each  other. 

If  any  three  of  the  six  parts  of  a  triangle  be 
known  (excepting  the  three  angles)  all  the  either 
parts  may  he  known  from  them.  Thus,  if  the  side 
P  Q,  and  the  angles  at  P  and  Q  be  known,  we 
can  find  the  length  of  the  sides  P  O  and  O  Q. 
It  is  on  this  general  principle  that  the  distances 
and  magnitudes  of  the  heavenly  bodies  are  deter- 
mined. 

In  order  to  understand  and  apply  this  principle, 
it  is  necessary  that  we  explain  \he   nature  of  a 


parallax.  A  parallax  denotes  the  change  of  the 
apparent  place  of  any  heavenly  body,  caused  by 
being  seen  from  diflerent  points  of  view.  Thi» 
may  be  illustrated  by  terrestrial  objects  as  follows: 
Suppose  a  tree  40  or  50  yards  distant  from  twc 
spectators,  who  are  15  or  20  3'ards  distant  from 
each  other;  the  one  will  perceive  the  tree  in  a  lint 
with  certain  objects  near  the  horizon,  whicli  are 
considerably  distant  from  those  whicli  appear  ih 
the  liireclioii  of  the  tree,  as  viewed  from  the  sta- 
tion occupied  by  the  other  spectator.  'I'lie  tiiilbr- 
ence  between  the  two  points  near  the  horizon 
where  the  tree  appears  to  coincide  to  tiie  two  dif- 
ferent spectators  is  the  parallax  of  the  object.  If 
the  tree  were  only  20  or  25  yards  distant,  the  par- 
allax would  be  twice  as  large;  or,  in  other  words, 
the  points  in  the  horizon  where  it  was  seen  by  the 
two  spectators  would  be  double  the  distance,  as  in 
the  former  case;  and  if  the  tree  were  two  or  tlirec 
hundred  yards  distant,  the  parallax  would  be  pro- 
portionably  small.  Or,  suppose  two  persons  sitting 
near  each  other  at  one  side  of  a  room,  and  a  can- 
dle placed  on  a  table  in  the  middle  of  the  room,  the 
points  on  the  opposite  wall  where  the  candle  would 
appear  to  each  of  the  two  persons  would  be  consid- 
erably distant  from  each  other;  and  this  distance 
may  be  called  the  parallax  of  the  candle  as  viewed 
by  the  two  observers.  This  may  be  illustrated  by 
Fig.  105,  where  R  and  S  may  represent  the  posi- 
tions of  the  observers;  a  the  candle  or  tree;  and  T 
and  U  the  points  on  the  opposite  wall  or  in  the 
horizon  where  the  candle  or  the  tree  appears  tc 
the  respective  observers.  The  observer  at  R  seej 
the  intermediate  object  at  V ;  and  the  one  at  S  sees 
it  in  the  direction  <S  T.  The  angle  R  a  S,  which 
is  equal  to  the  angle  T  a  U,  is  called  the  angle  of 
parallax,  which  is  the  difference  of  position  in 
which  the  object  is  seen  by  the  two  observers.  If, 
then,  the  distance  between  the  observers  R  S  h^ 
known,  and  the  quantity  of  the  angle  R  a  S,  the 
distance  between  the  observers  and  the  object  can 
also  be  known  by  calculation. 

Let  us  now  apply  this  principle  to  the  heavenly 
bodies.  In  Fig.  106  let  the  semicircle  S,  T,A,R,  S, 
represent  a  section  of  the  concave  of  the  heavens; 
the  middle  circle,  E  C,  the  earth;  M,  the  moon;  C, 
the  center  of  the  earth;  and  E  H,  the  sensible  hor- 
izon of  a  spectator  at  E,  It  is  evident  that  if  the 
moon  be  viewed  from  the  earth  at  the  point  E, 
she  will  be  seen  in  the  horizon  at  the  point  H; 
but  were  she  viewed  at  the  same  time  from  C,  the 
center  of  the  earth,  she  would  appear  among  the 
stars  at  the  point  K,  in  a  more  elevated  position 
than  when  seen  from  the  surface  of  the  earth  at 
E.  The  difFerence  between  these  two  apparent 
positions  of  the  moon,  or  the  angle  K  M  H,  is 
called  the  moon's  horizontal  parallax.  Astrono- 
mers know  from  calculation  in  what  point  of  the 
heavens  the  moon  would  appear  as  viewed  from 
the  earth's  center;  and  they  know  from  actual  ob- 
servation where  she  appears  as  viewed  from  the 
surface;  and,  therefore,  can  find  the  difFerence  of 
the  two  positions,  or  the  angle  of  parallax.  This 
angle  might  likewise  be  found  by  supposing  two 
spectators  on  different  parts  of  the  earth's  surface 
viewing  the  moon  at  the  same  time.  Suppose  g 
spectator  at  E,  who  sees  the  moon  in  the  horizoq 
at  H;  and  another  observer,  on  the  same  meridian, 
at  B,  who  sees  her  in  his  zenith  at  K;  the  parallaX; 
as  formerly,  will  be  K  H. 

The  parallax  of  a  heavenly  body  decreases  i'l 
proportion  to  its  altitude  above  the  horizon,  and  at 
the  zenith  (A)  it  is  nothing,  for  the  line  from  the 
center  of  the  earth  coincides  with  that  from  the 
surface,  aaC  E  A.  Thus  the  parallax  of  the  moon 
at  N  (a  6)  is  less  than  the  horizontal   parallax 
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K  H;  but  from  the  parallax  observed  at  any  alti- 
tude, the  horizontal  parallax  can  be  deduced;  and 
it  is  from  this  parallax  that  the  distance  of  tiie 
moon  or  any  other  heavenly  body  is  determined. 
The  greater  the  distance  of  any  body  from  the  earth, 
the  less  is  its  parallax.  Thus  the  heavenly  body 
G,  which  is  farther  from  the  earth  than  the  rnoon, 
has  a  less  parallax  (c  d)  than  that  of  the  moon, 
KH. 

Now  the  parallax  of  the  moon  being  known,  it 
is  easy  to  find  tiie  distance  of  that  orb  from  the 
earth;  for  in  every  triangle,  if  one  side  and  two 
angles  be  known,  the  other  angle  and  the  other 
two  sides  can  also  be  found.  In  the  present  case, 
we  have  a  triangle  E  M  C,  in  which  the  .side  E  C, 
or  the  semiiliameter  of  the  earth,  is  known.  The 
angle  M  EC  is  a  rigiit  angle,  or  ninety  degrees; 
and  the  parallatic  angle  E  M  C  is  supposed  to  be 
found  by  observation.  From  these  data,  by  an  easy 
trigonometrical  calculation,  the  length  of  the  side 
C  M,  or  the  distance  of  the  moon  from  the  center 
of  the  earth,  can  be  determined  with  the  utmost 
precision,  provided  the  angle  of  parallax  has  been 
accurately  ascertained. 

Before  proceeding  to  illustrate  by  examples  the 
method  of  calculating  the  distances  of  the  heavenlj' 
bodies  when  the  parallax  is  found,  I  shall  present 
an  example  or  two  of  the  mode  of  computing  the 
Lights  and  distances  of  terrestrial  objects,  the 
principle  on  which  we  proceed  behig  the  same  in 
both  cases.  Suppose  it  were  required  to  find  the 
liight  of  the  tower  C  B  (Fig.  107),  we  first  m.oa- 
sure  the  distance  from  the  bottom  of  the  tower, 
B,  to  a  station  at  the  point  A,  which  supposs  to 
be  one  hundred  feet.  From  this  station,  by  a 
quadrant  or  other  angular  instrument,  we  take 
Uie  angle  of  elevation  of  the  top  of  the  tower, 
or  the  angle  CAB,  which  suppose  to  be  forty- 
eeven  and  a  half  degrees.  Here  we  have  a  trian- 
gle in  which  we  have  one  side,  A  B,.  and  two 
angles;  namely,  the  angle  at  A=='i7i^o,  jj;,^)  [\^q 
angle  at  B,  which  is  a  right  angle,  or  90^,  as 
the  tower  is  supposed  to  stand  perpendicular  to 
the  ground;  therefore,  the  side  C  B,  which  is  the 
bight  of  the  tower,  can  be  found,  and  likev/ise 
tJie  other  side,  A  C,  if  required.  To  find  C  B, 
file  higlit  of  the  tower,  we  make  A  B  the  radius 
of  the  circle,  a  portion  of  which  measures  the 
angle  ^1;  and  the  side  B  C,  or  the  hight  of  the 
tower,  becomes  the  tangent  of  that  angle.  And 
as  there  is  a  certain  known  proportion  between 
the  radius  of  every  circle  and  the  tangent,  the 
hight  of  the  tower  will  be  found  by  the  follov.'ing 
proportion:  As  the  radius:  is  to  the  tangent  of 
♦lie  angle  A,  471^° . .  g,,  jg  tlie  side  A  B,  100  feet: 
to  C  B,  the  hight  of  the  tower=109l^  feet.  The 
following  is  the  calculation  by  logarithms: 

Logarithm  of  the  2d  term — 

Tangent  of  47>^o 10.0379475 

Logarithm  of  A  5=100  feet — 

3d  term 2.0000000 

12.0379475 
Logarithm  of  radius— 1st  term 10.0000000 

Logarithm  of  C  'B,  4th  teTm== 
109}^  feet 2.0379475 

By  this  calculation  the  hight  of  the  tower  is 
found  with  the  greatest  nicety,  provided  the  mea^ 
surement  of  the  side  A  B,  and  the  angle  A,  have 
lieen  taken  with  accuracy. 

Again:  Suppose  it  were  required  to  measure  the 
distance  between  a  tree  E,  and  a  house  D,  on  the 
opposite  side  of  a  river.     We  first  measure  u space 
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from  £  to  F  (Fig.  108),  suppose  200  yards,  in  a 
right  line,  and  then  find  tlie  angles  E  and  F  at 
each  end  of  this  line.  Suppose  tiie  angle  at  £  to  b« 
venty-three  degrees  and  the  angle  at  F  sixty- 
fight  degrees.  As  all  the  angles  of  a  triangle  are 
equal  to  two  right  an- 
gles, orl&0°,  if  wo  add 
these  two  angles  and 
subtract  their  sum  from 
180°,  the  remainder, 
39°,  will  bo  the  mea- 
sure of  the  angle  at  D. 
It  is  a  demonstrated 
proposition  in  trigono- 
metry, that  in  any  plane 
triangle,  the  sides  are  in 
the  same  proportion  as 
the  sines  of  the  opposite  _ 

angles.    A  suze  is  a  line  A  d  B 

drawn  through  one  extremity  of  an  arc  perpen- 
dicular   upon    the    diameter    or    radius    passing 
through    the    other   ex- 
tremity, as  a«/ (Fig.  107).  1^°' 
In  order,    then,   to    find 
the  di.'jtance  (E  D)  be- 
tween the   tree  and    the 
house  on  the  other  side 
of    the    river,   we   state 
the  following  proportion: 
As  the  sine  of  D,  38°, 
the  angle  opposite  to  E 
F,   the    known  side :  is 
to  the  sine  of  the  angle 
F,  68°,  opposite  the  side 
sought,  E  D  :  :  so  is  the 
length  of  the  line  E  £= 
200  yards :  to  the  distance,  E  D,  between  the  tre 
and   the  house=294^   yards.     The  following  ii 
the  operation  by  logarithms  : 

2d  term— Sine  of  angle,  £=68° 
3d  term— £  £=.=200  yards.     Log. 


9.9671653 
2.301 0300 

12.2681959 
9.7988716 


2.4693241 


Ist  term— 5ine  of  angle,  0=39° 
4th  term— D  E^29i%  yards= 

In  these  examples  the  logarithms  of  the  second 
and  third  terms  of  the  proportion  are  added,  and 
from  their  sum  the  logarithm  of  the  first  term  is 
subtracted,  which  leaves  the  logarithm  of  the 
fourth  term;  as  in  common  numbers,  the  second 
and  third  terms  are  multiplied  together,  and  their 
product  divided  by  the  first  term;  addition  of  log- 
arithms corresponding  to  multiplication  of  whole 
numbers,  and  subtraction  to  division.  The  loga- 
rithms of  common  numbers,  and  of  sines  aud 
tangents,  are  found  in  tables  prepared  for  the  pur- 
poses of  calculation. 

I  shall  now  state  an  example  or  two  in  refe- 
rence to  the  celestial  bodies.  Suppose  it  is  requi- 
red to  find  the  distance  of  the  moon  from  the 
earth.     In  Fig.  109,  let  £  C  represent  the  earth; 


M,  the  moon;  £,  the  the  place  of  a  spectator  ob- 
serving the  moon  in  his  sensible  horizon;  E  M  b 
and  C  M  a  tho  direction  of  the  moon  as  seen  froja 
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the  centei  of  the  earth  at  C,  or  from  its  surface  at 
B;  a  the  place  of  th?  moon  as  seen  from  the 
center,  and  b  its  place  as  seen  from  the  surface  at 
£;  or,  in  other  words,  tlie  moon's  horizontal  paral- 
lax. This  parallax,  at  the  moon's  mean  distance 
from  the  earth,  is  found  to  be  57  minutes,  5 
seconds.  Here,  then,  we  have  a  triangle,  C  E  M, 
of  which  we  have  one  side  and  two  angles  given. 
The  side  given  is  the  semidiameter  of  the  earth, 
E  C,  which  is  equal  to  3965  miles;  the  angle  at  E 
is  a  right  angle,  or  ninety  degrees,  for  it  forms  a 
tangent  to  the  circle  at  E;  the  angle  at  M  is  the 
horizontal  parallax,  which  is  found  by  observa- 
tion. From  these  data,  the  side  M  C,  or  the  dis- 
tance of  the  moon  from  the  center  of  the  earth, 
may  be  easily  found.  If  we  make  C  M  radius,  E 
C  will  be  the  sine  of  the  angle  M;  and  the  dis- 
tance of  the  moon  is  found  from  the  following 
proportion  :  As  E  C,  the  sine  of  fifty-seven  min- 
utes, five  seconds  :  is  to  3965,  the  number  of 
miles  in  the  semidiiuneter  of  the  earth  :  :  so  is  M 
C,  the  radius  :  to  a  fourth  number,  238,800:=M 
C=the  distance  of  the  moon  from  the  center  of 
the  earth. 

2d  terra — 3965=the  earth's  semidiameter  3.598243 
3d  term— Radius 10.000000 


13.59b243 
1st  term — Sine  of  57  minutes,  5  seconds  8.220215 


2d  term— C  G=238,800— Log. 
3d  term— Sine  of  ^  C  G,  15'  43" 


^  C,  distance  of  the  moon,  238,800 
rai]es= 5.378028 

According  to  this  calculation,  the  moon  is  two 
hundred  and  thirty-eight  thousand,  eight  hundred 
miles  from  the  earth.  In  round  numbers  we 
generally  say  that  the  moon  is  240,000  miles  dis- 
tant; and,  in  point  of  fact,  she  is  sometimes  con- 
siderably more  than  240,000  miles  distant,  and 
sometimes  less  than  the  number  above  stated,  as 
she  moves  in  an  elliptical  orbit,  her  horizontal 
parallax  varying  from  54  to  above  60  minutes. 

To  find  the  Diameter  of  the  Moon. — In  Fig.  110 
let  A  G  B  rcprvsenl  the  moon,  and  C  an  observer 
at  the  earth.  The  apparent  diameter  of  the  moon 
at  its  mean  distance,  as  measured  by  a  microme- 
ter, is  31  minutes,  26  seconds,  represented  by  the 
angle  A  C  B;  the  half  of  this,  or  the  angle  formed 
by  the  semidiameter  of  the  moon,  A  C  G,  is  15 
minutes,  43  seconds.  The  distance  of  the  moon, 
G  C,  is  supposed  to   be  found    as  above   stated. 
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namely,  238,800  miles.  Here,  then,  we  have  the 
angle  C  A  G,  which  is  a  right  angle,  and  the  angle 
A  C  G=:15'  43",  which  is  found  by  observation  ; 
and  the  side  C  G,  or  the  distance  of  the  moon 
from  the  earth.  We  can  therefore  find  the  side  A 
G,  or  the  semidiaiaeter  of  the  moon,  by  the  fol- 
lowing proportion  :  As  radius  :  is  to  C  G,  the  dis- 
tance of  the  moon,  238,800  miles  :  :  so  is  the  sine 
o{  A  C  G,  15'  43"  :  to  the  number  of  raih's  con- 
tained in  the  moon's  semidiameter,  4  G=l09l3-.2, 
which,  being  doubled,  gives  2183  miles  as  the 
diameter  of  the  moon. 


1st  term — Radius 


5.378038 

7,660059 

13.03808T 
lO.OOOOOff 


Semidiameter  of  the  moon,      1,091  !;C=:  3.03808" 

2" 

Diameter  of  the  moon=:  2,183 

Such  is  the  general  mode  by  which  the  dis- 
tances and  magnitudes  of  the  heavenly  bodies  ar* 
calculated.  I  am  aware  that  the  general  reader 
who  is  unacquainted  with  the  principles  of  trigo- 
nometry, may  find  a  littla  difficulty  in  compre- 
hending the  statements  and  calculations  given 
above;  but  my  design  simply  was  to  convey  an 
idea  of  the  principle  on  which  astronomers  pro- 
ceed in  their  computations  of  the  distances  and 
bulks  of  the  celestial  orbs,  and  to  excite  those 
who  are  anxious  to  understand  the  subject,  to  en- 
gage in  the  study  of  plane  trigonometry,  a  study 
which  presents  no  great  difficulty  to  any  one  who 
is  already  a  proficient  in  common  arithmetic.  I 
conclude  the  subject  with  the  following 

General  Remarks. — 1.  Before  the  bulks  of  the 
heavenly  bodies  can  be  determined,  their  distances 
from  the  earth  must  first  be  ascertained.  When 
their  distances  are  found,  it  is  quite  an  easy  mat- 
ter to  determine  their  real  bulks  from  their  appa- 
rent magnitudes.  2.  The  semidiameter  of  the  earth 
forms  the  gronvdirork  of  all  our  calculations  re- 
specting the  distances  of  the  celestial  orbs.  Were 
we  ignorant  of  the  dimensions  of  the  earth,  we 
could  not  find  the  real  distance  and  magnitude  of 
any  heavenly  body;  and  it  is  owing  to  the  com- 
paratively small  diameter  of  the  earth  that  it  be- 
comes difficult  in  some  cases  to  determine  with 
accuracy  the  parallaxes  of  certain  heavenly  bodies. 
Were  we  placed  on  a  planet  such  as  Jupiter,  whoso 
diameter  is  more  tlian  eleven  times  that  of  oui 
globe,  it  woulil  be  much  more  easy  to  find  the 
parallaxes  of  the  sun  and  planets.  The  parallaxes 
of  Jupiter's  moons,  as  observed  from  that  planet, 
will  form  pretty  large  angles  and  be  easily  per- 
ceptible; and  so  likewise  will  be  the  parallaxes  of 
the  sun  and  the  other  planets  which  are  visible  from 
that  globe.  3.  The  chief  difficulty  in  finding  the 
distances  of  the  heavenly  bodies  is  to  determine 
accurately  the  precise  quantity  of  their  parallaxes. 
In  the  case  of  the  moon  there  is  no  difficulty,  as 
her  horizontal  parallax  amounts  to  nearly  one  de- 
gree, and  can  be  taken  with  the  greatest  nicety; 
but  the  sun's  parallax  is  so  small  that  it  was  some 
time  before  it  was  accurately  determined.  It  was 
for  this  purpose,  among  others,  that  Captain 
Cook's  first  expedition  to  the  Pacific  Ocean  was 
undertaken,  in  order  that  the  astronomers  con- 
nected with  it  might  observe  the  transit  of  Venus 
at  the  Island  of  Tahiti;  since  which  time  the  sun's 
distance  has  been  ascertained  within  the  one 
eighty-seventh  part  of  his  true  distance,  which 
likewise  determines  very  nearly  the  true  propor- 
tional distance  and  magnitudes  of  all  the  planets. 
This  circumstance  accounts  for  the  fact,  that  in 
books  of  astronomy  published  about  a  century 
ago,  the  distances  and  magnitudes  of  the  sun  and 
planets  are  estimated  somewhat  lower  than  they 
are  now  found  to  be,  the  improvemeiit.=;  which 
have  been  made  in  the  construction  of  astronomi- 
cal instruments  having  enabled  modern  obsei-vers 
to  measure  parallactic  angles  with  gr"ater  nice- 
ness  and  accuracy.  4.  When  the  parallax  of  any 
heavenly  body  is  once  accurately  found,  and  ita 
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apparent  diameter  measured,  its  real  distance  and 
bulk  can  be  as  certainly  known  as  the  price  of 
any  quantity  of  merchandise  whicli  is  calculated 
by  the  rule  of  proportion.  5.  From  what  has 
been  stated  above,  we  may  learn  llie  importance 
of  knowing  all  the  properties  of  a  triangle,  and 
the  art  of  measuring  angles.  At  first  sight  it  may 
appear  to  be  a  matter  of  trivial  importance  to 
know  that  the  radius  of  a  circle  bears  a  certain 
known  jjroportion  to  the  sine  or  tangent  of  a  cer- 
tain angle;  that  the  sides  of  any  triangle  are  in 
the  same  proportion  as  the  sines  of  the  opposite 
angles;  and  that  the  three  angles  of  every  plane 
triangle  are  exactly  equal  to  two  right  angles. — 
Yet  puch  truths  form  the  foundation  of  all  the 
discoveries  which  have  been  made  respecting  the 
magnitudes  and  distances  of  the  great  bodies  of 
the  universe,  and  of  the  ample  conceptions  we  are 
cow  enabled  to  form  of  the  vast  extent  of  crea- 
tion, and  of  the  attributes  of  its  adorable  Creator. 

Those  persons  who  feel  themselves  unable  to 
comprehend  clearly  the  principles  and  calculations 
above  stated,  may  rest  satisfied  with  the  general 
deductions  of  astronomers  respecting  the  distances 
and  magnitudes  of  the  sun  and  planets,  from  the 
following  considerations  :  1.  The  (general  agree- 
ment of  all  modern  astronomers  as  to  these  deduc- 
tions. However  much  astronomers  may  difTer  in 
regard  to  certain  subordinate  opinions  or  conjec- 
tures respecting  certain  phenomena,  they  all  agree 
with  respect  to  the  bulks  and  distances  of  the 
planetary  orbs,  and  the  mode  by  which  they  are 
ascertained.  If  there  were  any  fallacy  in  their 
calculations,  such  is  the  tendency  of  human  na- 
ture to  find  fault,  it  would  soon  be  pointed  out. — 
2.  The  consideration  of  the  accuracy  with  which 
astronomers  predict  certain  celestial  phenomena 
should  induce  persons  unskilled  in  this  science  to 
rely  on  the  conclusions  deduced  by  astronomers. 
They  are  fully  aware  that  the  eclipses  of  the  sun 
and  moon  are  calculated  and  predicted  with  the 
utmost  accuracy.  The  very  moment  of  their  be- 
ginning, middle,  and  end,  and  the  places  where 
they  will  be  visible,  are  foretold  to  a  nicety  ;  the 
nature  and  magnitude  of  the  eclipse,  and  all  the 
circumstances  connected  with  it,  determined;  and 
that,  too,  for  more  than  a  century  to  come.  All  the 
eclipses  which  have  happened  of  late  years  were 
calculated  more  than  half  a  century  ago,  and  are  to 
be  found  recorded  in  the  writings  of  astronomers. 
They  can  likewise  tell  when  Mars,  Jupiter,  or  Sa- 
turn is  to  sutT'er  an  occultation  by  the  moon,  the  time 
when  it  will  begin  and  end,  the  particular  part  of 
the  moon's  limb  behind  which  the  planet  will  dis- 
appear, the  point  on  the  opposite  limb  where  it 
will  again  emerge,  and  the  places  of  the  earth 
where  the  occultation  will  be  visible.  They  can 
likewise  predict  the  precise  moment  when  any  of 
the  fixed  stars — even  those  invisible  to  the  naked 
eye — shall  suffer  an  occultation  by  the  moon  or  by 
any  of  the  planets;  and  such  occultalions  of  the 
stars  and  planets  are  stated  in  the  "Nautical  Al- 
manac," and  similar  publications,  three  or  four 
years  before  they  actually  happen. 

The  precise  time,  likewise,  when  the  planets 
Mercury  and  Venus  will  appear  to  pass  across  the 
sun's  disc,  has  been  predicted  for  a  century  before 
such  events  happened,  and  such  transits  have  been 
calculated  for  several  centuries  to  come,  and  will 
most  assuredly  take  place,  as  they  have  hitherto 
done,  if  the  laws  of  nature  continue  to  operate  as 
in  ages  past.  Dr.  Ilalley,  in  1691,  predicted  the 
transit  of  Venus  that  happened  in  17G1,  seventy 
years  before  it  took  place;  and  not  only  so,  but 


he  calculated  the  precise  hour  in  which  the  planet 
would  appear  to  touch  the  limb  of  the  sun  as  seen 
from  dilierent  places;  the  particular  part  of  the 
sun's  margin  where  the  planet  would  appear  and 
disappear,  and  the  precise  course  it  would  take  in 
passing  across  the  disc  of  the  sun;  the  appearance 
it  would  present  in  different  regions  of  the  giobe, 
and  the  most  proper  places  in  both  hemispheres 
were  pointed  out  where  either  its  beginning, 
middle,  or  end  would  be  most  distinctly  observed, 
in  order  to  accomplish  the  object  in  view;  namely, 
the  determination  of  the  exact  distance  of  the 
sun.  All  which  calculations  and  predictions  were 
ultimately  found  to  be  correct;  and  astronomers 
were  sent  to  diftcrent  parts  of  the  globe  to  observe 
this  interesting  plienomenon,  which  happens  only 
once  or  twice  in  the  course  of  a  century.  The 
same  astronomer  calculated  the  period  of  a  comet, 
distinguished  by  the  name  of  "  Hallej''s  Cornet," 
and  predicted  the  periods  when  it  would  return. 
It  was  seen  in  England  in  16S2,  and  Dr.  Halley 
calculated  that  it  would  again  appear  in  this  part 
of  the  system  in  1758;  and  it  accordingly  made 
its  appearance  in  December,  1758,  and  arrived  at 
its  perihelion  on  the  1-Hh  of  March,  1759.  The 
validity  of  these  calculations  and  predictions  has 
been  again  verified  by  the  reappearance  of  the 
same  comet  in  1835,  just  at  the  time  when  it  was 
expected,  which  proves  that  it  completes  its  course 
in  the  period  which  had  been  predicted,  namely, 
seventy-six  years,  and  will,  doubtless,  again  revisit 
this  part  of  the  system  in  the  year  1911  or  1912. 
Astronomers  can  likewise  point  out,  even  in  the 
day-time,  the  different  stars  and  planets  which  are 
above  the  horizon,  though  invisible  to  the  unas- 
sisted eye.  I  have  sometimes  surprised  even  gen- 
tlemen of  intelligence  by  showing  them,  through 
an  equatorial  telescope,  the  star  Arcturus,  and, 
in  a  minute  or  two  afterward,  the  siax  Altair  in 
another  part  of  the  heavens,  and  the  planet  Venus 
in  another  quarter  in  the  form  of  a  brilliant  cres- 
cent, while  the  sun  was  several  hours  above  the 
horizon,  and  shining  in  its  greatest  brightness, 
and  while  these  bodies  are  every  moment  shifting 
their  apparent  positions;  all  which  is  quite  easy  to 
be  accomplished  by  everj'  one  who  understands 
the  motions  of  the  heavenly  bodies  and  the  first 
principles  of  astronomy. 

Now  as  the  above  facts  are  indisputable,  and 
every  one  who  feels  an  interest  in  the  subject 
may  satisfy  himself  as  to  their  reality,  it  is  evident 
to  a  demonstration  that  the  principles  of  science 
on  which  such  calculations  and  predictions  pro- 
ceed are  not  mere  conjectures  or  precarious  sup- 
positions, but  have  a  real  foundation  in  the 
constitution  of  nature  and  in  the  fundamental 
laws  which  govern  the  universe.  And  as  the 
knowledge  of  astronomers  cannot  be  questioned 
in  relation  to  the  phenomena  to  which  I  refer,  it 
would  be  unreasonable,  and  injurious  to  the  moral 
characters  of  such  men,  to  call  in  question  their 
modes  of  ascertaining  the  distances  of  the  sun 
and  the  planetary  bodies,  and  the  deductions  they 
have  made  in  relation  to  their  astonishing  magni- 
tudes. There  is  no  science  whose  principles  ara 
more  certain  and  demonstrable  than  those  of 
astronomy.  No  labor  or  expense  has  been  spared 
to  extend  its  observations,  and  to  render  them 
accurate  in  the  extreme;  and  the  noblest  efforts 
of  genius  have  been  called  forth  to  establish  its 
truths  on  a  basis  immutable  as  the  laws  of  the 
universe;  and,  therefore,  the  man  who  questions 
the  leading  facts  and  deductions  of  this  science 
only  proclaims  his  own  imbecility  and  ignorance. 


CHAPTER    VIII 


ON   THE  SCENERY  OF  THE   HEAVENS,  AS  VIEWED   FROM   THE  SURFACES  OP 
THE   DIFFERENT  PLANETS    AND   THEIR  SATELLITES. 

This  is  a  department  of  descriptive  astronomy  f  and  reflected  by  the  same  laws,  and  must  ])rodu(i 
which    is   seldom  noticed    in    books    professedly    colors  similar  or  analojrous  to  tiiose  which  diver 


written  to  illustrate  the  objects  of  this  science. 
It  is  here  introduced  not  only  as  an  interesting 
subject  of  contemplation,  but  as  an  illustration  of 
the  variety  which  the  Creator  has  introduced  into 
the  scenes  of  the  universe,  and  as  a  collateral  or 
presumptive  argument  in  support  of  the  doctrine 
of  a  plurality  of  worlds. 

Before  proceeding  to  the  particular  descriplions 
I  intend  to  give,  it  may  be  proper  to  state  the 
following  General  Remarks:  1.  The  diiFerent 
clusters  of  stars  or  the  constellations  will  appear 
exactly  the  same  when  viewed  from  the  other 
planets  as  to  the  inhabitants  of  our  globe.  For 
example,  the  constellations  of  Orion  and  of  the 
Great  Bear  will  appear  of  the  same  shape  or 
figure,  and  all  the  stars  of  which  they  are  com- 
posed will  appear  to  have  the  same  arrangement 
and  the  same  relative  distances  from  each  other 
and  from  neighboring  stars,  as  they  do  to  us. 
2.  The  apparent  magnitudes  of  the  fixed  stars  will 
appear  exactly  the  same  as  they  do  when  viewed 
from  our  world;  that  is,  they  will  appear  no 
larger  than  shining  points  of  different  magni- 
tudes, even  when  viewed  from  the  most  distant 
planets.  Tlie  reason  of  this  and  of  the  preceding 
position  is  obvious  from  the,  consideration  of  the 
immense  distance  of  those  bodies;  for  although 
we  are  190  millions  of  miles  nearer  some  of  the 
fixed  stars  at  one  time  of  the  year  than  at  another, 
yet  there  appears  no  sensible  diiference  in  their 


sify  the  surface  of  our  globe;  though,  perhap.<». 
susceptible  of  numerous  modifications  in  otliei 
regions,  according  to  the  nature  of  the  atmo 
spheres  through  which  it  passes,  and  the  quality 
of  the  objects  on  which  it  falls.  The  description* 
that  follow  likewise  proceed  on  the  supposition 
that  the  extent  of  vision  is  the  same  as  ours.  Tliis 
in  all  probability,  is  not  the  case.  It  is  mora 
probable  that,  in  certain  worlds,  the  organs  of 
vision  of  their  inhabitants  may  be  far  more  exqui 
site  than  ours,  and  capable  of  surveying  witk" 
distinctness  a  much  more  extensive  range  ol 
view.  But  as  we  are  ignorant  of  such  particu 
lars,  we  can  only  proceed  on  the  assumption  ol 
what  would  appear  to  eyes  constitute^  like  oui» 
were  we  placed  on  the  surfaces  of  the  difFerenI 
planets. 

Scenery  of  the  Heavens  from  the.  Planet  Mer 
cury. — This  planet  being  so  near  the  sun  ha 
prevented  us  from  discovering  various  particulan 
which  have  been  ascertained  in  relat-ipn  to  severa 
of  the  other  planets;  and,  therefore,  little  can  b» 
said  respecting  its  celestial  scenery.  The  starrj 
heavens  will  appear  to  move  around  it  ever) 
twenty-four  hours,  as  they  do  to  us,  if  the  obser 
vations  of  M.  Schroeter,  formerly  stated  (p.  27) 
be  correct;  but  the  direction  of  its  axis  of  rota- 
tion is  not  known,  and,  therefore,  we  cannot  tell 
what  stars  will  appear  near  its  equator  or  its  poles. 
The  sun  will  present  a  surface  in  the  heavens 


eize  or  arrangement,  and  although  we  were  placed    seven  times  as  large  as  he  does  to  us,   and,  of 


on  the  remotest  planet  of  the  system,  we  have  no 
reason  to  believe  that  any  material  difterenno  in 
this  respect  would  be  perceived;  for  the  distances 
of  the  remoter  planets  bear  no  sensible  proportion 
to  the  distances  of  the  fixed  stars.  Even  the 
distance  of  the  planet  Uranus,  great  as  it  is, 
which  would  require  four  hundred  years  for  a 
cannon  ball  to  move  over  the  space  which  inter- 
venes between  that  orb  and  us,  is  less  than  the  ten- 
thousandth  part  of  the  distance  of  the  nearest 
Bt.ir;  and,  therefore,  can  produce  no  sensible  dif- 
ference in  the  general  aspect  of  the  starry  firma- 
ment. 3.  Though  the  general  arrangement  of 
the  stars  and  constellations  will  appear  the  same 
as  to  us,  yet  the  different  directions  of  Uie  axes 
of  some  of  the  planets  from  that  of  the  earth 
vdHI  cause  a  different  appearance  in  their  apparent 
diurnal  revolutions.  Some  stars  which  appear  in 
our  equator  may,  in  other  planets,  appear  near 
one  of  their  poles,  and  our  pole  star  may  appear 
near  their  equator. 

In    the   following  descriptions  it  is   taken  for 
granted  that  the  general  laws  of  vision  are  ma- 


course,  will  exhibit  a  very  .august  and  brilliant 
appearance  in  the  sky,  and  will  produce  a  corres- 
ponding brightness  and  vividness  of  color  on  the 
objects  which  are  distributed  over  the  surface  of 
the  planet.  Both  Venus  and  the  earth  will  appear 
as  superior  planets;  and  when  Venus  is  near  its 
opposition  to  the  sun,  at  which  time  it  will  rise 
when  the  sun  sets,  it  will  present  a  very  brillian 
appearance  to  the  inhabitants  of  Mercury,  ano 
serve  the  purposes  of  a  small  moon,  to  illuiiiinata 
the  evenings  in  the  absence  of  the  sun.  As 
Venus  presents  a  full  enlightened  hemisphere  at 
this  period  to  the  inhabitants  of  Mercury,  it  will 
exhibit  a  surface  six  or  seven  times  larger  than  it 
does  to  us  when  it  shines  with  its  greatest  bril- 
liancy, and,  therefore,  will  appear  a  very  bright 
and  conspicuous  object  in  the  firmament  of  this 
planet.  At  all  other  times  it  will  appear  at  least 
two  or  three  times  larger  than  it  ever  does  as  seen 
from  the  earth.  It  will  generally  appear  round, 
but  at  certain  times  it  will  exhibit  a  gibbous 
phase,  as  the  planet  Mars  frequently  does  to  us. 
It  will  never  appear  to  the  inhabitants  of  Mercury 


terially  the  same  in  all  the  planetary  bodies  as  in  ;  in  the  form  of  a  crescent  or  half  moon,  as  it 
that  part  of  the  system  which  we  occupy.  "Of  sometimes  does  through  our  telescopes.  Thero 
this  we  have  no  reason  to  doubt,  as  the  same  !  is  no  celestial  body  within  the  range  of  ihia 
Identical  light  which  illuminates  the  eartli  like-  planet  with  which  we  are  acquainted  which  will 
wise  enlightens  all  the  planets  and  their  satellites.  '  exhibit  either  a  half  moon  or  a  crescnnt  phase 
It  originates  from  the  same  source,  it  is  refracted  [  nnb'ss  it  be  accompanied  witli  a  satellite.  The 
(]14j 
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earth  is  another  object  in  the  firmament  of  Mer- 
tury  which  will  appear  next  in  splendor  to  Venus. 
The  earth  and  Venus  are  nearly  of  an  equal  size, 
Venus  being  only  130  miles  less  in  diameter  than 
the  earth;  but  the  earth  being  nearly  double  the 
distance  of  Venus  from  Mercury,  its  apparent 
size,  at  the  time  of  its  opposition  to  the  sun,  will 
be  only  about  half  that  of  Venus.  The  earth, 
however,  at  this  period,  will  appear  in  the  sky  of 
Mercury  of  a  size  and  splendor  three  or  four 
times  greater  than  Venus  does  to  us  at  the  period 
of  its  greatest  brilliancy.  Our  moon  will  also  be 
seen  like  a  star  accompanying  the  earth,  some- 
times approaching  to  or  receding  farther  from  the 
earth,  and  sometimes  hidden  from  the  view  by 
passing  across  the  disc  of  the  earth  or  through  its 
shadow.  It  will  probably  appear  about  the  size 
and  brightness  of  Mars  or  Saturn,  as  seen  in  our 
sky.  I'he  earth  with  its  satellite,  and  Venus,  will 
be  seen  near  the  same  point  of  the  heavens  at  the 
end  of  every  nineteen  months,  when  they  will 
for  some  time  appear  the  most  conspicuous  objects 
in  the  heavens,  and  will  diffuse  a  considerable 
portion  of  light  in  the  absence  of  the  sun.  At 
other  periods,  the  one  will  rise  in  the  eastern 
horizon  as  the  other  sets  in  tiie  western;  so  that 
the  inhabitants  of  Mercury  will  seldom  be  without 
a  conspicuous  object  in  their  heavens,  diffusing  a 
luster  far  superior  to  that  of  any  other  stars  or 
planets.  The  earth  will  be  in  opposition  to  the 
sun  every  four  months,  and  Venus  after  a  period 
of  five  months.  The  planets  Mars,  Jupiter,  and 
Saturn  will  appear  nearly  as  they  do  to  us,  but 
with  a  somewhat  inferior  degree  of  magnitude 
and  brilliancy,  particularly  in  the  case  of  Mars. 
The  period  of  the  annual  revolution  of  Mercury 
being  eighty-eight  days,  the  sun  will  appear  to 
move  from  west  to  east  through  the  circle  of  the 
heavens  at  a  rate  more  than  four  times  greater 
than  his  apparent  motion  through  the  signs  of 
our  zodiac. 

Appearance  of  the  Heavens  as  viewed  from  Ve- 
nus.— To  the  inhabitants  of  this  planet  the  heavens 
will  present  an  aspect  nearly  similar  to  that  of 
Mercury,  with  a  few  variations.  Mercury  will 
bo  to  Venus  an  inferior  planet,  which  will  never 
appear  beyond  thirty-eight  or  forty  degrees  of  the 
sun.  It  will  appear  in  the  evening  after  sunset 
for  the  space  of  two  or  three  hours  when  near  its 
elongation,  and  in  the  morning  before  sunrise 
when  in  the  opposite  part  of  its  course,  and  will 
alternately  be  a  morning  and  an  evening  star  to 
Venus,  as  that  planet  is  to  us,  but  with  a  less  de- 
gree of  splendor.  The  most  splendid  object  in 
the  nocturnal  sky  of  Venus  will  be  the  earth, 
when  in  opposition  to  the  sun,  when  it  will  appear 
with  a  magnitude  and  splendor  five  or  six  times 
greater  than  either  Jupiter  or  Venus  appear  to  us 
at  the  time  of  their  greatest  brilliancy.  It  will 
serve,  in  a  great  measure,  the  purpose  of  a  moon 
to  Venus,  if  this  planet  have  no  satellite,  and  will 
cause  the  several  objects  on  its  surface  to  project 
distinct  and  well-defined  shadows,  as  our  moon 
does  when  she  appears  a  crescent.  Our  moon,  in 
its  revolutions  round  the  earth,  will  likewise  ap- 
pear a  prominent  object  in  the  heavens,  and  will 
probably  appear  about  the  size  that  Jupiter  appears 
to  us.  Her  occultations,  eclipses,  and  transits 
across  the  earth's  disc  will  be  distinctly  visible. 
With  telescopes  such  as  the  best  of  ours  the  earth 
Would  appear  from  Venus  a  much  larger  and 
more  variegated  ohject  than  any  of  the  planets  do 
to  us  when  viewed  with  high  magnifying  powers. 
The  forms  of  our  different  continents,  seas,  and 
islands,  trie  different  strata  of  clouds  in  our  at- 
mosphere, with  their  several  changes  and  motions, 


and  the  earth's  diurnal  rotation,  would,  in  all 
probability,  be  distinctly  perceived.  Even  the 
varieties  which  distinguish  the  surface  of  our 
moon  would  be  visible  with  telescopes  of  high 
magnifying  power.  The  circumstances  now  sta- 
ted prove  the  connection  of  the  difi'erent  parts  of 
the  planetary  system  with  one  another,  and  that 
the  Creator  has  so  arranged  this  system  as  to 
render  one  world,  in  a  certain  degree,  subservient 
to  the  benefit  of  another.  The  earth  serves  as  a 
large  and  splendid  moon  to  the  lunar  inhabitants; 
it  serves,  in  a  certain  degree,  the  purpose  of  a 
small  moon  to  Mercury;  it  serves  the  purpose  of 
a  larger  moon,  by  exhibiting  a  surface  and  a  ra- 
diance four  times  greater  to  the  inhabitants  of 
Venus;  and  it  serves  as  a  morning  and  an  evening 
star  to  the  planet  Mars.  So  that,  while  we  feel 
enjoyment  in  contemplating  the  moon  walking  in 
brightness,  and  hail  with  pleasure  the  morning 
star  as  the  harbinger  of  day,  and  feel  a  delight  in 
surveying  those  nocturnal  orbs  through  our  tele- 
scopes, the  globe  on  which  we  dwell  afibrds  simi- 
lar enjoyments  to  the  intellectual  beings  in 
neighboring  worlds,  who  behold  our  habitation 
from  afar  as  a  bright  speck  upon  their  firmament, 
ditFusing  amid  the  shades  of  night  a  mild  degree 
of  radiance.  From  Venus  the  planets  Saturn  and 
Jupiter  will  appear  nearly  as  they  do  to  us,  but 
the  planet  Mars  will  appear  considerably  smaller. 
The  sun  in  this  planet  will  present  a  surface  twice 
as  large  as  he  does  in  our  sky,  and  will  appear  to 
make  a  revolution  round  the  heavens  in  the 
course  of  seven  months  and  a  half,  which  com- 
pletes the  year  of  Venus. 

The  Heavens  as  viewed  from  Mars. — From  this 
planet  the  earth  will  at  certain  periods  be  dis- 
tinctly seen,  but  it  will  present  a  different  aspect 
both  in  its  general  appearance  and  its  appa- 
rent motions  from  what  it  does  to  the  inhabitants 
of  Venus.  To  Mars  the  earth  is  an  inferior 
planet,  whose  orbit  is  within  the  orbit  of  Mars. 
It  will  therefore,  be  seen  only  as  a  morning  and 
an  evening  star,  as  Venus  apj)ears  to  us;  but  with 
a  less  degree  of  magnitude  and  brightness,  since 
Mars  is  at  a  greater  distance  from  the  earth  than 
the  earth  is  from  Venus.  It  will  present  to  Mars 
successively  the  form  of  a  crescent,  a  half-moon, 
and  a  gihhous  phase,  but  will  seldom  or  never  be 
seen  as  a  full  enlightened  hemisphere,  on  account 
of  its  proximity  to  the  sun,  when  its  enlightened 
surface  is  fully  turned  toward  the  planet;  nor 
will  it  ever  appear  farther  removed  from  the  sun, 
either  in  the  mornings  or  evenings,  than  forty- 
eight  degrees,  so  that  the  earth  will  never  appear 
in  the  firmament  of  Mars  about  midnight.  The 
earth  will  likewise  be  sometimes  seen  to  pasa 
across  the  sun's  disc  like  a  round  black  spot,  as 
Venus  and  Mercury  at  certain  periods  appear  to 
us;  but  the  planet  Mercury  will  never  be  seen 
from  Mars  on  account  of  its  smallness  and  its 
nearness  to  the  sun;  ibr  at  its  greatest  elongation 
it  will  be  only  a  fev/  degrees  from  the  sun's  mar- 
gin, and  will  consequently  be  immersed  in  his 
rays.  The  only  time  in  which  it  might  happen 
to  be  detected  will  be  when  it  makes  a  transit 
across  the  solar  disc.  Venus  will  be  as  seldom 
seen  by  the  inhabitants  of  Mars  as  Mercury  is  to 
us.  Our  moon  will  likewise  be  seen  from  Mars 
like  a  small  star  accompanying  the  earth,  some- 
times appearing  to  the  east  and  sometimes  to  the 
west  of  the  earth,  but  never  at  a  greater  distance 
from  each  other  than  fifteen  minutes  of  a  degree, 
or  about  half  the  apparent  breadth  of  the  moon; 
and  with  telescopes  such  as  ours  all  its  phases  and 
eclipses  might  be  distinctly  perceived.  The  planets 
Jupiter  and  Saturn  will  appear  to  Mars  nearly  as 
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they  do  to  us.  At  tlie  time  of  Jupiter's  opposi- 
tion to  tho  sun  that  planet  will  appear  a  sliyht  de- 
gree larger,  as  Mars  is  then  fifty  millions  of  miles 
nearer  it  than  we  arc;  but  Saturn  will  not  appear 
sensibly  larger  than  to  us;  and  it  is  liliely  that 
the  planets  Uranus,  Vesta,  Juno,  Ceres  and  Pallas 
will  not  be  more  distinguishable  than  they  are 
from  our  globe.  The  point  Aries,  on  tlie  ecliptic 
of  Mars,  or  one  of  the  points  where  its  ecliptic 
and  equator  intersect  each  other,  corresponds  to 
19°  28'  of  our  sign  Sagittaruis.  In  consequence 
of  this,  the  poles  of  Mars  will  be  directed  to 
points  of  the  lieavens  considerably  different  from 
our  polar  points,  and  its  equator  will  pass  through 
a  dilierent  series  of  stars  from  that  whicii  raarlis 
our  equator,  which  will  cause  the  different  stars 
and  constellations  in  their  apparent  diurnal  revo- 
lution to  present  a  different  aspect  from  what 
they  do  in  their  apparent  movements  round  our 
globe. 

Tlie  Heavens,  as  viewed  from  Vesta,  Juvo,  Ce- 
res and  Pallas.  —  These  planets,  being  so  very 
nearly  at  the  same  mean  distance  from  the  sun, 
the  appearance  of  the  heavens  will  be  nearly  the 
same  to  the  inhabitants  [if  any]  of  each  of  these 
bodies.  The  planet  Jupiter  will  be  the  most  con- 
spicuous object  in  the  nocturnal  sky  of  all  these 
planets,  and  will  appear  with  nearly  tiiree  tijnes 
the  size  and  splendor  that  he  does  when  seen  from 
the  earth,  so  as  to  exhibit  the  appearance  of  a 
small  brilliant  moon.  Saturn  will  appear  some- 
what larger  and  brighter  than  to  us,  but  the  dif- 
ference in  his  appearance  will  be  inconsiderable; 
nor  will  Uranus  be  more  distinctly  visible  than 
from  the  earth.  At  other  times,  when  near  their 
conjunction  with  the  sun,  these  planets  will  ap- 
pear smaller  than  to  us.  Mars  will  sometimes  ap- 
pear as  a  morning  and  an  evening  star,  but  he 
will  always  be  in  the  immediate  neighborhood  of 
tlie  sun,  and  will  present  a  surface  much  less  in 
apparent  size  than  he  does  to  the  earth.  The 
earth  will  seldom  be  seen  on  account  of  its  prox- 
imity to  the  sun;  and  Venus  and  Mercury  will  be 
altogether  invisible,  unless  when  they  transit  the 
solar  disc.  It  is  likely  that,  at  certain  times,  the 
planets  Vesta,  Juno,  Ceres,  and  Pallas  will  exhibit 
an  uncommon,  and  occasionally  a  brilliant  ap- 
pearance in  the  firmament  of  each  other.  As 
tlieir  distances  from  the  sun  are  so  nearly  the 
same,  they  may  occasionally  approach  each  other 
so  as  to  be  ten  times  nearer  to  one  another  in  one 
part  of  their  course  than  at  another.  It  is  even 
possible  that  they  might  approach  within  a  few 
miles  of  each  other,  or  even  come  into  collision. 
Theee  different  positions  in  which  they  may  be 
placed  in  relation  to  one  another  will  doubtless 
produce  a  great  variety  in  the  appearances  they 
present  in  their  respective  firmaments;  so  that  at 
one  time  they  may  present  in  the  visible  firma- 
ment a  surface  a  hundred  or  even  two  hundred 
times  greater  than  they  do  in  other  parts  of  their 
annual  revolutions.  It  is  probable,  therefore, 
that  the  diversified  aspects  of  these  planets,  in 
respect  to  each  other,  will  form  the  most  striking 
phenomena  which  diversify  their  nocturnal  hea- 
vens. In  conseqence  of  the  great  eccentricity  of 
the  orbit  of  Pallas,  the  sun  will  appear  much 
larger  to  this  planet  in  one  part  of  its  revolution 
than  it  does  at  another. 

Celestial  Scenery  from  Jupiter. — The  only  planet 
whose  appearance  will  be  conspicuous  in  the  fir- 
mament of  Jupiter  is  the  planet  Saturn,  which 
will  appear  with  a  surface  four  times  greater  than 
is  exhibited  in  our  sky,  and  will  appear  larger  than 
either  Jupiter  or  Venus  does  to  us,  particularly  at 
the  time  of  its  opposition  to  tho  sun      At  certain 


other  periods,  when  near  the  time  of  its  conjunA. 
tion  with  the  sun,  it  will  appear  cousideraoly 
smaller  than  when  viewed  from  the  earth ;  as,  at 
such  periods,  Saturn  is  nearly  fourteen  hundred 
millions  of  miles  distant  from  Jupiter,  while  it  is 
never  beyond  ten  hundred  millions'from  the  earth, 
even  at  its  remotest  distance.  The  planet  Uranus, 
which  is  scarcely  visible  to  our  unassisted  sight, 
will  not  be  much  more  distinguishable  at  Jupiter 
than  with  us,  even  at  the  period  of  it.s  opposition, 
although  Jupiter  is  at  that  time  401),OUU,UOO  of 
miles  nearer  it  than  a  spectator  on  the  earth.  At 
other  times,  when  near  its  conjunction  with  the 
sun,  it  will  be  2,300,000,000  of  miles  from  Jupiter, 
which  is  400,000,000  of  miles  more  distant  than  it 
ever  is  from  us.  Mars  will  scarcely  be  seen  from 
Jupiter,  both  on  account  of  his  smallness  and  his 
proximity  to  the  sun;  for  at  his  greatest  elevation 
he  can  never  be  more  than  eighteen  degrees  from 
that  luminary.  The  earth,  too,  will  be  invisible 
from  Jupiter,  both  on  account  of  its  small  size,. its 
distance,  and  its  being  in  the  immediate  vicinity 
of  the  sun,  and  immersed  in  its  rays;  so  th.it  the 
inhabitants  of  this  planet  will  scarcely  suspect 
that  such  a  globe  as  that  on  which  we  dwell  exists 
in  the  universe.  It  is  a  humiliating  consideration 
to  reflect,  that  before  we  have  passed  over  one 
fourth  part  of  the  extent  of  our  system,  this  earth, 
with  all  its  kingdoms  and  fancied  grandeur,  of 
which  mortals  are  so  proud,  vanishes  from  the 
sight,  as  if  it  were  a  mere  atom  in  creation,  and  is 
altogether  unnoticed  and  unknown.  It  is  calcu- 
lated to  convey  a  lesson  oi  huinilify  and  of  human- 
ity to  those  proud  and  ambitious  mortals  who 
glory  in  their  riches,  and  in  the  small  patches  of 
earthly  territory  they  have  acquired  at  the  expense 
of  the  blood  of  thousands  of  their  fellow-men, 
and  who  fancy  themselves  to  be  a  species  of  demi- 
gods, because  they  liave  assisted  in  the  conquest 
of  nations,  and  in  spreading  ruin  and  devastation 
over  the  earth.  Let  us  wing  our  flight  to  Jupiter 
or  Saturn,  vrhich  appear  so  conspicuous  in  our 
nocturnal  sky,  and  before  we  have  arrived  at  th* 
middle  point  of  the  planetary  system  this  globe  on 
which  we  tread,  with  all  the  proud  mortals  that 
dwell  upon  its  surface,  vanishes  from  tho  sight  as 
a  particle  of  water,  with  its  microscopic  animal- 
culae,  dropped  into  the  ocean,  disappears  for  ever. 
In  those  regions  more  expansive  and  magnificent 
scenes  open  to  view,  and  their  inhabitants,  if  ever 
they  have  heard  of  such  beings  as  fallen  man, 
look  down  with  an  eye  of  pity  and  commiseration, 
and  view  their  characters  and  conduct  with  a  holy 
indignation  and  contempt. 

Venus  aud  Mercury  will,  of  course,  be  alto- 
gether invisible  from  the  surface  of  Jupiter,  and 
it  is  questionable  whether  even  the  planets  Vesta, 
Juno,  Ceres,  and  Pallas  will  be  perceived.  But 
although  so  few  of  the  primary  planets  are  seen 
in  the  nocturnal  sky  of  this  planet,  its  firmament 
will  present  a  most  splendid  and  variegated  aspect 
by  the  diversified  phases,  eclipses,  and  movements 
of  the  satellites  with  which  it  is  encircled;  so  that 
its  inhabitants  will  be  more  charmed  and  interested 
by  the  phenomena  presented  by  their  own  moons 
than  by  their  contemplation  of  the  other  bodies 
of  the  system.  But  as  I  have  already  described 
the  appearances  of  the  moons,  as  seen  from  Jupiter 
(p.  95,  chap,  iv,  sec.  ii.)  it  is  unnecessary  to 
enlarte. 

Scenery  of  the  Heavens  as  vieuied  from  Saturn.— 
The  firmament  of  Saturn  will  unquestionably  pre- 
sent to  view  a  more  magnificent  and  diversified 
scene  of  celestial  phenomena  than  that  of  any 
other  planet  of  our  system.  It  is  placed  nearly  in 
the  middle  of  that  space  which  intervenes  betweeu 
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the  sun  and  the  orbit  of  the  remotest  planet.  In- 
cluding its  rings  and  satellites,  it  may  be  consid- 
ered as  the  largest  body  or  system  of  bodies  within 
the  limits  of  tlio  solar  system;  and  it  excels  them 
all  in  the  sublime  and  diversified  apparatus  with 
which  it  is  accompanied.  ^  In  these  respects  Sat- 


compare  them  together,  and  to  investigate  tlie  doc- 
trine of  parallaxes,  before  they  comi*.  to  the  conclu- 
sion that  the  phenomena  alluded  to  are  caused  by 
mighty  rings  which  encompass  their  habitation. 

As  the  diameter  of  Saturn  is  ten  times  the  diam- 
eter of  the  earth,  it  will  be  comparatively  easy  for 


urn  may  justly  be  considered  as  the  sovereign  its  inhabitants  to  find  the  parallaxes,  distances, 
itmoug  the  planetary  hosts.  The  prominent  parts  ,  and  magnitudes  of  its  different  satellites,  and  like- 
of  its  celestial  scenery  may  be  considered  as  be-  wise  of  Jupiter  and  Uranus,  wiiich  are  the  only 
longing  to  its  own  system  of  rings  and  satellites,    planets  visible  from  Saturn.     To  those  who  dwell 


and  ihe  views  which  will  occasionally  be  opened 
of  the  firmament  of  the  fixed  stars;  for  few  of  the 
other  planets  will  make  their  appearance  in  its 
sky.  Jupiter  will  appear  alternately  as  a  morning 
and  an  evening  star,  with  about  the  same  degree  of 
brilliancy  it  exhibits  to  us;  but  it  will  seldom  be 
conspicuous  except  near  the  period  of  its  greatest 
elongation,  and  it  will  never  appear  to  remove 
from  the  sun  farther  than  thirty -seven  degrees, 
and,  consequently,  will  not  appear  so  conspicuous 
nor  for  such  a  length  of  time,  as  Venus  does  to 
us.  Uranus  is  the  only  other  planet  which  will 
be  seen  from  Saturn,  and  it  will  there  be  distinctly 
perceptible,  like  a  star  of  the  third  magnitude, 
when  near  the  time  of  its  opposition  to  the  sun. 
But  near  the  time  of  its  conjunction  it  will  be 
completely  invisible,  being  then  eighteen  hundred 
millions  of  miles  more  distant  than  at  the  opposi- 
tion, and  eight  hundred  millions  of  miles  more 
distant  from  Saturn  than  it  ever  is  from  the  earth 
at  any  period.  All  the  other  eight  planets,  together 
with  our  moon,  will  be  far  beyond  the  reach  of  a 
spectator  in  Saturn,  unless  he  be  furnished  with 
organs  of  vision  far  superior  to  ours  in  their 
"space-penetrating  power."  It  is  not  improbable 
that  more  comets  will  be  seen  in  their  course  from 
the  sun,  from  the  distant  regions  in  which  Saturn 
moves,  than  from  that  part  of  the  system  in  which 
we  are  placed.  Some  of  these  bodies,  when  they 
pass  beyond  the  limits  of  our  view,  will  be  visible 
beyond  the  orbit  of  Saturn;  and  as  their  motions 
in  those  distant  spaces  are  much  slower  than  when 
near  the  sun,  they  will  remain  visible  for  a  longer 
time,  when  they  happen  to  make  their  appearance, 
than  they  do  when  passing  through  our  part  of 
the  system. 

Having  already  given  a  pretty  full  description 
of  the  appearance  of  the  rings  of  this  planet  as 
viewed  from  its  surface  (p.  G9-71 ),  and  of  the  phe- 
nomena exhibited  by  its  satellites  (p.  98),  it  is  un- 
necessary to  introduce  the  subject  in  this  place. 
I  shall  only  remark  further,  in  regard  to  the  rings 
which  encompass  this  planet,  that,  beside  the  light 
they  reflect  on  the  planet,  and  the  brilliant  aspect 
they  present  in  its  firmament,  they  cast  a  great 
diversity  of  shadows  upon  the  surface  of  the  planet, 
of  different  breadths  at  different  times  and  places, 
and  it  will  require  a  considerable  degree  of  atten- 
tion and  investigation  on  the  part  of  its  inhabit- 
ants to  determine  whence  the  shadows  proceed. 
For  when  tiie  dark  sides  of  the  rings  are  turned 
toward  them,  they  will,  in  all  probability,  be  in- 
visible in  their  sky,  as  the  dark  side  of  the  moon 
or  of  Venus  is  to  us,  and,  therefore,  they  may  be 
at  a  loss,  ill  some  instances,  to  discover  the  causes 
of  such  varieties  of  light  and  shade.  For,  although 
tee  are  placed  in  a  convenient  position  to  jjerceive 
that  they  are  in  reality  complete  rings  which  envi- 
ron the  body  of  Saturn,  yet  it  will  not  be  so  easy 
for  its  inhabitants  to  discover  this  fact;  as  only  a 
portion  of  the  rings  will  be  visible  in  some  places, 
and  in  the  regions  near  the  poles  they  will  appear 
only  like  a  bright  streak  in  the  horizon.  They 
will  naturally  conclude  that  the  shadows  proceed 
from  some  body  in  their  firmament;  but  they  will 
require  to  make  a  great  variety  of  observations,  to 


in  its  equatorial  regions,  the  motion  of  the  rings 
around  their  axis  will  furnish  an  accurate  measurt.' 
of  time,  as  well  as  the  diurnal  rotation  of  the 
planet;  and  to  all  places  on  its  surface  tiie  period- 
ical revolutions  of  its  different  satellites  will  afford 
various  measures,  divisions,  and  subdivisions  of 
the  lapse  of  duration.  The  sun  will  appear  from 
this  planet  of  a  size  about  five  times  the  diameter 
which  Jupiter  presents  to  our  view,  or  about  l-9th 
or  1-1 0th  part  of  the  diameter  of  the  sun  as  seen 
from  the  earth;  but,  notwithstanding,  there  appears 
no  deficiency  of  light  on  the  surface  of  Saturn. 

Let  us,  then,  suppose  two  miglity  arches  in  Sat- 
urn's nocturnal  sky,  appearing  to  the  inhabitants 
of  one  region  like  broad  semicircles  of  light  ex- 
tending completely  across  the  heavens,  to  other 
regions  like  large  segments  of  an  arch,  the  highest 
point  of  which  elevated  only  twenty  or  thirty  de- 
grees above  the  horizon,  and  to  the  places  adjacent 
to  the  polar  regions  as  a  zone  of  light  hovering  in 
the  horizon;  let  us  suppose  the  distant  stars 
twinkling  through  the  dark  space  which  separates 
the  rings;  the  sun  eclipsed  at  noon,  in  one  place, 
by  the  upper  edge  of^the  rings,  and  in  another 
place  by  the  lower;  the  brightness  of  this  luminary 
waxing  dimmer  and  dimmer,  and  in  a  few  hours 
hidden  by  an  invisible  object,  not  to  appear  again 
until  after  a  lapse  of  fourteen  years;  and  the  in- 
habitants of  this  region  of  shadows  occasionally 
traveling  to  those  countries  where  the  rings  are 
enlightened  and  the  sun  is  constantly  shining:  let 
us  suppose  one  moon,  nine  times  as  large  in  ap- 
parent size  as  ours,  suspended  in  the  canopy  of 
heaven:  another,  three  times  as  large  as  ours,  in 
another  quarter  of  the  sky;  a  third  twice  as  large; 
a  fourth  about  the  apparent  size  of  our  moon;  and 
a  fifth,  sixth,  and  seventh  of  different  apparent 
magnitudes;  some  of  them  appearing  with  a  cres- 
cent, some  with  a  gibbous  phase,  and  others  with 
a  full  enlightened  hemisphere;  some  rising,  some 
setting;  one  entering  into  an  eclipse,  and  another 
emerging  from  it;  let  us  suppose  such  scenes  as 
these,  and  we  may  acquire  a  general  idea  of  the 
phenomena  presented  in  the  heavens  of  Saturn. 

Scenery  of  the  Heavens  in  Uranus. — The  orbit 
of  this  planet,  so  far  as  we  know,  forms  the  ex- 
treme boundary  of  the  planetary  system.  Being 
so  far  removed  from  the  center  of  the  system,  al- 
most all  the  other  planets  and  their  satellites  will 
be  invisible  to  a  spectator  placed  on  this  orb.  The 
only  planet  which  jyill  be  distinctly  visible  is  Sa- 
turn, which  will  be  seen  occasionally  as  a  morn- 
ing and  an  evening  star,  and  will  appear  nearly 
of  the  same  size  as  to  us;  but  as  it  will  always  be' 
seen  in  the  immediate  neighborhood  of  the  sun,  it 
will  only  be  visible  at  certain  distant  periods,  or 
intervals  of  fifteen  years,  and  will  appear  about  as 
near  to  the  sun  as  Mercury  does  when  viewed 
from  the  earth.  Its  rings  and  satellites  might  oc 
casionally  be  perceived  with  such  instruments  aa 
our  best  telescopes  when  it  is  near  the  points  of  its 
greatest  elongation.  It  is  not  probable  that  Jupi- 
ter will  be  visible  from  this  planet  on  account  of 
its  proximity  to  the  sun.  If  ever  it  be  visible,  it 
will  only  be  for  a  short  time,  after  periods  of  six 
or  eight  years  have  elapsed.    From  Uranus  it  is 


118 


CELESTIAL  SCENERY 


likely  that  the  niolious  of  some  of  the  coinefs 
will  be  seen  to  advantag;e,  ami  for  a  considerable 
length  of  time,  as  the  molious  of  these  bodies  must 
be  comparatively  slow  in  those  distant  regions. — 
It  is  not  improbable  that,  in  their  course  from  the 
sun,  the  motions  of  some  of  tiiese  bodies  may  be 
followed  to  the  extreme  point  of  their  trajectories, 
and  their  courses  traced  in  their  return  toward  the 
central  luminary;  and  that  thsy  may  be  visible  in 
the  firmament  of  this  planet  for  montiis,  and  even 
for  years  together.  It  is  likewise  probable  that,  from 
Uranus,  the  paralla.x  of  the  nearest  fixed  stars,  and, 
consequently,  their  distance,  may  be  ascertained. 
For  the  diameter  of  its  orbit,  which  is  L^, 600,000,- 
000  of  miles,  will  form  a  pretty  e.xtensive  base 
line  for  this  purpose,  and  will  produce  a  parallax 
nineteen  times  greater  than  that  of  the  diameter 
of  the  earth's  annual  orbit,  which  is  only  190 
millions  of  miles.  But  the  determination  of  such 
a  parallax  ■would  require  a  series  of  observations 
made  at  intervals  of  forty-two  years,  namely,  at 
two  opposite  points  of  the  orbit  of  Uranus,  in 
moving  between  which  it  occupies  a  space  of 
nearly  forty-two  years. 

Tlie  most  splendid  and  interesting  scenery  in 
the  firmament  of  this  planet  will  be  produced  by 
the  phases,  eclipses,  revolutions,  and  various 
aspects  of  its  moons.  Six  of  these  bodies  have 
been  discovered  revolving  around  it,  and  it  is  not 
improbable  that  several  more  (perhaps  three  or 
four)  may  be  connected  with  this  distant  orb,  the 
smallness  of  which,  and  their  nearness  to  the 
planet,  may  forever  prevent  them  from  being  de- 
tected by  our  most  powerful  instruments.  Let  us 
suppose,  then,  one  satellite  presenting  a  surface  in 
the  sky  eight  or  ten  times  larger  than  our  moon; 
a  second  five  or  six  times  larger;  a  third  three  times 
larger;  a  fourth  twice  as  large;  a  fifth  about  the  same 
size  as  the  moon ;  a  sixth  somewhat  smaller;  and,  per- 
haps, three  or  four  others  of  diflerent  apparent  di- 
Tnensions  :  let  us  suppose  two  or  three  of  these,  of 
diflerent  phases,  moving  along  the  concave  of  the 
tiky,  at  one  period  four  or  five  of  them  dispersed 
through  the  heavens;  one  rising  above  the  horizon, 
one  setting,  one  on  the  meridian,  one  toward  the 
north,  and  another  toward  the  south;  at  another 
period  five  or  six  of  them  displaying  their  luster  in 
the  form  of  a  half  moon  or  a  crescent  in  one 
quarter  of  the  heavens,  and  at  another  time  the 
whole  of  these  moons  shining,  with  full  enlight- 
ened hemispheres,  in  one  glorious  assemblage,  and 
we  shall  have  a  faint  idea  of  the  beauty,  variety, 
and  sublimity  of  the  firmament  of  Uranus.  What 
is  deficient  in  respect  of  the  invisibility  of  the 
other  planets  is  amply  compensated  by  its  assem- 
blage of  satellites,  which  illuminate  and  diversify 
its  nocturnal  sky.  Although  this  planet  is  more 
than  seventeen  hundred  millions  of  miles  nejirer 
some  of  the  fixed  stars  than  we  are,  yet  those  lu- 
minaries will  not  appear  sensibly  larger,  as  seen 
from  Uranus,  than  tliey  do  from  our  globe.  For 
even  tills  immense  interval  would  not  subtend  an 
angle  of  nineteen  seconds,  or  the  1-lOOlh  part  of  a 
degree,  as  seeu  from  the  nearest  star;  and,  of 
course,  all  the  constellations  will  present  the  same 
figures  and  relative  aspects  as  they  do  lo  us,  with 
this  difference  only,  that  those  stars  which  are 
near  our  equator  or  tropics  may  be  near  the  poles 
or  polar  circles  of  Uranus.  This  depends  entirely 
upon  the  position  of  its  axis  of  rotation,  which  is 
to  us  unknown.  The  sun  will  appear  so  small 
from  this  planet,  that  its  apparent  diameter  will 
not  exceed  2)'o  times  the  apparent  diameter  of 
Jupiter;  but  its  light  is  not  so  weak  as  we  might 
be  apt  lo  imagine  from  this  circumstance,  as  is 
eyident   from   the    brightness    it    exhibits    when 


viewed  with  a  telescope  in  the  night-time,  and 
likewise  from  the  well-known  ])henomei)ou  that 
wlien  the  sun  is  eclijised  to  us,  so  as  to  have  only 
the  one-forlielh  part  of  its  disc  left  uncovered  by 
the  moon,  the  diminution  of  light  is  not  very 
sensible;  and  it  has  been  frequently  ni'ticed  that, 
at  the  end  of  the  darkness  in  total  eclipses,  when 
the  sun's  western  limb  begins  to  be  visible,  and. 
seems  no  bigger  tlian  a  thread  of  fine  silver  wire, 
the  increase  of  light  is  so  considerable,  and  so 
quickly  illuminates  all  surrounding  objects,  as  to 
strike  the  spectators  with  surprise.  But  whatever 
deficiency  of  light  there  may  be  on  this  planet, 
we  may  rest  assured,  from  a  consideration  of  the 
vmdom  and  benevolence  of  the  Creator,  that  this 
deficiency  is  amply  compensated,  either  by  the 
objects  on  which  it  falls  being  euilowed  with  a 
strong  reflective  power,  or  by  the  organs  of  vi.sioii 
being  adapted  to  the  light  received,  or  by  some  other 
contrivances  with  which  we  are  unacquainted 

SCENERY     OF    THE    HEAVENS     AS    SEEN    FROM    THE 
SATELLITES.  ^ 

Celestial  Scenery  of  the  Moon. — Although  the 
moon  is  the  nearest  body  to  the  earth,  and  its 
constant  attendant,  yet  its  celestial  phenomena 
will,  in  a  variety  of  respects,  be  very  different 
from  ours.  The  earth  will  appear  to  be  the  most 
splendid  orb  in  its  nocturnal  sky,  and  its  various 
phases  and  relative  positions  will  form  a  subject 
of  interesting  inquiry  and  contemplation  to  its  in- 
habitants. It  will  present  the  appearance  of  a 
globe  in  the  sky  thirteen  times  larger  than  the 
moon  does  to  us,  and  will  dift'use  nearly  a  corre- 
sponding portion  of  light  on  the  mountains  and 
vales  on  the  lunar  surface.  As  the  moon  always 
presents  nearly  the  same  side  to  our  view,  so  the 
eartli  will  be  visible  to  only  one  lialf  of  the  lunar 
inhabitants.  Those  who  live  on  the  opposite  side 
of  the  moon,  which  is  never  turned  toward  our 
globe,  will  never  see  the  earth  in  tlie  sky  unless 
tliey  undertake  a  journey  to  the  opposite  hemi- 
sphere for  this  purpose;  and  those  who  dwell  near 
the  central  parts  of  that  hemisphere  which  is 
turned  from  our  globe  will  require  to  travel  more 
than  1500  miles  before  tlicy  can  behold  the  large 
globe  of  the  eartli  suspended  in  the  sky.  To  all 
those  to  whom  the  earth  is  visible,  it  will  appear 
fixed  and  immovable  in  the  same  relative  point  of 
the  sky,  or,  at  least,  will  appear  to  have  no  cir- 
cular motion  round  the  heavens.  To  a  spectator 
placed  in  the  middle  of  the  moon's  visible  hemi- 
sphere, the  earth  will  appear  directly  in  the  zenith 
or  over  head,  and  will  always  seem  to  be  fixed 
very  nearly  in  that  position.  To  a  spectator 
placed  in  any  part  of  the  extremity  of  that  hemi- 
sphere, or  what  seems  to  us  to  be  the  margin  of 
the  moon,  the  earth  will  appear  always  nearly  in 
the  horizon;  and  to  spectators  at  intermediate  po- 
sitions the  earth  will  appear  at  higher  or  lower 
elevations  above  the  horizon,  according  to  thtir 
distance  from  the  extremities  or  the  central  parts 
of  that  hemisphere.  But,  although  the  earth 
appears  fixed  nearly  in  the  same  pait  of  the  sky, 
there  is  a  slight  variation  produced  by  what  is 
termed  the  lihratwn  of  the  moon  (see  p.  87),  by 
which  it  appears  to  turn  occasionall)^  a  small  por- 
tion of  its  hemisphere  toward  tiie  earti).  In  con- 
sequence of  this  libration  the  earth  will  appear 
now  and  then  to  shift  its  position  a  little  by  a  ki  id 
of  vibratory  motion,  so  that  those  at  the  extremi- 
ties of  the  hemisphere,  who  see  the  earth  in  tlieir 
horizon,  will  sometimes  see  it  dip  a  little  below, 
and  at  other  times  rise  a  little  above  their  horizon. 
This  vibratory  motion  they  will  j^robablj'  be 
disposed,  at  first  view,  to  attribute  to  the  earth. 
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which  they  will  naturally  consider  as  a  body  nearly 
at  rest,  but  subject  to  a  vibratory  movement  like 
tliat  of  a  pendul  iim,  whereas  this  apparent  vibration 
proceeds  from  the  moon  itself. 

Tlie  earth  is  continually  shifting  its  phases  as 
seen  from  tlie  moon.  When  it  is  new  moon  to  us 
it  is  /till  moon  to  the  lunar  inhabitants,  as  the 
hemisphere  of  the  earth  next  the  moon  is  then 
fully  enliglitened;  so  that,  at  the  time  when  the 
sun  is  abfseut,  they  enjoy  the  eiiulgenco  of  a  full 
moon  thirteen  times  larger  than  ours.  When  the 
moon  is  in  the  first  quarter  to  us,  the;  earth  is  in 
the  third  quarter  to  tliem;  and,  in  every  other 
case,  tlie  piiases  of  tlie  earth  are  exactly  opposite 
to  those  wliich  tlie  moon  presents  to  us  (see  p. 
67).  The  earth  passes  through  all  the  phases  of 
the  moon  in  the  course  of  a  month;  but  the  pro- 
gress of  these  phases  will  be  more  regularly  and 
accurately  perceived  than  that  of  the  moon's 
phases  are  by  us.  When  it  is  night  in  the  moon, 
and  the  nights  there  are  a  fortnight  long,  the  in- 
habitants see  at  first  only  a  small  part  of  the 
earth  enlightened,  like  a  slender  crescent ;  then  a 
larger  and  a  larger  portion,  until  at  length  it  be- 
3omes  entirely  luminous.  During  the  whole  of 
these  changes  the  eartli  is  every  moment  visible, 
and  apparently  fixed  in  the  same  immovable  posi- 
tion; and  as  there  are  no  clouds  in  the  lunar  at- 
mosphere, the  view  of  the  earth  and  of  the  varia- 
tion of  its  phases  will  never  be  interrupted ; 
whereas  these  changes  in  the  moon  are  visiijle  to 
us  only  from  one  night  to  another,  and,  by  the  in- 
terposition of  clouds,  the  moon  is  frequently  hid- 
den from  our  view  for  seven  or  eight  days  together. 
By  means  of  the  light  thus  diffused  by  the  earth 
upon  the  moon,  it  so  happens  that  the  side  of  the 
moon  next  the  earth  is  never  in  darkness;  for, 
when  the  sun  is  absent,  the  earth  shines  in  the 
firmament  with  a  greater  or  less  degree  of  splen- 
dor; but  when  the  sun  is  absent  from  the  other 
hemisphere,  the  inhabitants  have  no  light  but  what 
is  derived  from  the  stars  and  planets.  It  is  proba- 
ble, however,  that  the  liglit  of  these  luminaries  is 
more  brilliant  as  seen  from  the  moon  than  from  the 
earth;  and  as  the  lunar  atmosphere  is  more  pure  and 
transparent  than  that  of  the  earth,  and  as  no  clouds 
or  den;e  vapors  exist  in  it  to  intercept  the  rays  of 
those  distant  orbs;  and  the  stars  and  planets  will 
constantly  sliine  in  the  firmament  of  that  hemi- 
sphere of  the  moon  with  undiminished  luster. — 
Perhaps,  too,  there  may  be  some  arrangement  for 
providing  ndlitioual  light  to  that  hemisphere  in  the 
absence  of  the  sun,  either  by  the  coruscations  of 
some  phosphoric  substance,  or  by  something  ana- 
logous to  our  aurora  borealis. 

Whether  the  eartli  will  throw  as  much  light 
upon  the  moon,  in  proportion  to  its  size,  as  the 
moon  diffuses  upon  the  earth,  is  somewhat  doubt- 
ful. I  am  disposed  to  think  that  the  greater 
part  of  the  surface  of  the  terraqueous  globe  will 
not  reflect  so  much  light,  in  proportion  to  its 
bulk,  as  the  general  surface  of  the  moon;  for,  as 
the  greater  part  of  the  earth  is  covered  with  water, 
and  as  water  absorbs  a  considerable  portion  of  the 
rays  of  light,  the  seas  and  ocean  will  present  a 
more  dark  and  somber  aspect  than  any  part  of 
the  lunar  orb  presents  to  us;  but  it  is  highly 
probable  that  the  continents  and  islands  will 
exhibit  a  luster  nearly  equal  to  that  of  the  moun- 
tainous regions  of  the  moon. 

Althouah  the  earth  will  seem  nearly  fixed  in 
one  position,  yet,  its  rotation  round  its  axis  will  be 
disiincthj  perceptible,  and  will  present  a  variety  of 
ditferent  appearances.  Europe,  Asia,  Africa,  and 
America,  will  present  themselves  one  after  another 
In  dilFerent  shapes,  nearly  as  they  are  represented 


on  our  maps  and  globes;  and  the  regions  near 
our  poles,  which  we  have  never  yet  liad  it  in  our 
power  to  explore,  will' be  distinctly  seen  by  the 
lunarians,  who  will  be  enabled  to  determine 
whether  they  chiefly  consist  of  land  or  of  water 
The  several  continents,  seas,  islands,  lakes,  penin- 
sulas, plains,  and  mountain-ranges,  will  appear 
like  so  many  spots,  of  difierent  forms  and  degrees 
of  brightness,  moving  over  its  surface.  When 
the  Pacific  Ocean,  which  occupies  nearly  half 
the  globe,  is  presented  to  view,  the  great  body  of 
the  earth  will  assume  a  dusky  or  somber  aspect, 
except  toward  the  north,  the  north-east,  and 
north-west;  and  the  islands  connected  with  this 
ocean  will  exhibit  the  appearance  of  small  lucid 
spots  on  a  dark  ground.  But  when  the  eastern 
continent  turns  round  to  view,  the  earth  (espe- 
cially its  northern  parts)  will  appear  to  shine  with 
a  greater  degree  of  luster.  These  appearances 
will  be  diversified  by  the  numerous  strata  of 
clouds  which  are  continually  carried  by  the  winds 
over  different  regions,  and  will  occasionally  inter- 
cept their  view  of  certain  parts  of  the  continents 
and  seas,  or  render  their  appearance  more  obscure 
at  one  time  than  at  another.  It  is  likewise  pro- 
bable that  the  occasional  storms  in  tropical  cli- 
mates, and  the  changes  produced  in  different 
countries  by  summer  and  winter,  will  cause  the 
earth  to  present  a  diversity  of  aspect  to  the 
inhabitants  of  the  moon.  The  bands  of  ice  which 
surround  the  poles  will  alternately  exhibit  a  kind 
of  lucid  circle,  while  the  verdant'  plains  will 
appear  of  a  different  color  and  assume  a  milder 
aspect.  By  means  of  these  different  spots,  the 
lunarians  will  be  enabled  to  determine  the  exact 
period  of  the  earth's  rotation,  as  we  determine 
that  of  the  sun  by  the  appearance  and  disappear- 
ance of  the  spots  on  its  surface.  And  as  the 
period  of  the  earth's  rotation  never  varies,  it  may 
serve  as  a  clock  or  dial  for  the  exact  measure  of 
time;  and  the  lesser  divisions  of  this  period  may 
be  ascertained  by  the  appearance  on  the  margin 
or  the  central  parts  of  the  earth's  hemisphere  of 
certain  seas,  continents,  or  large  islands,  which 
will  constantly  appear  on  certain  parts  of  the 
earth's  disc  at  regular  intervals  of  time.  Through 
telescopes  such  as  ours,  the  variegated  aspect  of 
the  earth  in  its  diurnal  motion  would  present  to 
us,  were  we  placed  on  the  moon,  a  novel  and 
most  interesting  appearance. 

The  apparent  diurnal  motions  of  the  sun,  the 
planets,  and  the  stars,  will  appear  much  slower, 
and  somewhat  different  in  several  respects  from 
what  they  do  to  us.  When  the  sun  rises  in  their 
eastern  horizon,  his  progress  through  the  heavens 
will  be  so  slow  that  it  will  require  more  than 
seven  of  our  days  before  he  comes  to  the  me- 
ridian, and  the  same  time  before  he  descends 
to  their  western  horizon;  for  the  days  and 
nights  of  the  moon  are  nearly  fifteen  days 
each,  and  they  are  nearly  of  an  equal  length  on 
all  parts  of  its  surface,  as  its  axis  is  nearly  per- 
pendicular to  the  ecliptic,  and,  consequently,  the 
sun  never  removes  to  any  great  distance  from  the 
equator.  During  the  day  the  earth  will  appear 
like  a  faint  cloudy  orb,  always  in  the  same  posi- 
tion; and  during  night  the  stars  and  planets  will 
be  visible,  without  interruption,  for  fifteen  days, 
and  will  be  seen  moving  gradually  during  that 
time  from  the  eastern  to  the  western  horizon 
Though  the  earth  will  always  be  seen  in  the  same 
point  of  the  sky  both  by  day  and  night,  yet  it 
will  appear  to  be  constantly  shifting  its  position 
with  respect  to  the  planets  and  the  stars,  which 
will  appear  to  bo  regularly  moving  from  the  east 
to  the  west  of  it,  and  some  of  them  will  occa 
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eioiially  be  hidden  or  suffer  an  occultalion  for 
three  or  four  hours  behind  its  body.  Tlie  sun, 
planets,  and  fixed  stars  will  appear  exactly  of  tlie 
same  apparent  magnitudes  as  they  do  from  the 
earth;  but  as  the  poles  of  the  moon  are  directed 
to  points  of  the  heavens  different  from  those  to 
which  the  poles  of  the  earth  are  directed,  the 
pole-stars  in  the  lunar  firmament,  and  the  stars 
which  mark  its  equator  and  parallels,  will  all  be 
different  from  ours;  so  that  the  stars,  in  tlieir 
apparent  diurnal  revolutions,  will  appear  to  de- 
scribe circles  different  from  those  which  they 
describe  in  our  sky.  The  inferior  planets  Mer- 
cury and  Venus  will  generally  be  seen  in  the 
neigliborhood  of  the  sun,  as  they  are  from  the 
earth;  but  they  will  be  more  distinctly  perceived, 
and  be  visible  for  a  much  longer  period  of  time 
after  sunset  than  they  are  from  our  globe.  Tiiis 
is  owing,  first,  to  the  transparency  of  the  lunar 
atmosphere,  and  the  absence  of  dense  vapors  near 
the  horizon,  which,  in  our  case,  prevent  any  dis- 
tinct observations  of  the  celestial  bodies  when  at 
a  low  altitude;  and,  secondly,  to  the  slow  appa- 
rent diurnal  motion  of  these  bodies.  When  Mer- 
cury is  near  its  greatest  elongation,  it  will  remain 
above  the  horizon  more  than  thirty  hours  after 
the  sun  has  set,  and,  consequently,  will  be  visible 
for  a  much  longer  time  in  succession  than  it  is  to 
us.  When  Venus  is  near  its  greatest  elongation, 
it  will  be  seen,  without  intermission,  either  as  a 
morning  or  an  evening  star,  for  a  space  of  time 
equal  to  more  than  three  of  our  days.  The  su- 
perior planets,  as  with  us,  will  be  seen  in  different 
parts  of  the  heavens,  and  occasionally  in  opposi- 
tion to  the  sun;  but  they  will  appear  to  be  con- 
tinually shifting  their  positions  with  respect  to 
the  earth,  and  in  the  course  of  fifteen  days  will 
be  seen  in  the  very  opposite  quarter  of  the  hea- 
vens, and  in  other  fifteen  days  will  be  again  in 
conjunction  with  the  earth;  and  nearly  the  same 
appearances  will  be  observed  in  reference  to  the 
other  planets,  but  the  periodic  times  of  their  con- 
junctions with  the  earth  and  oppositions  to  it  will 
be  somewhat  different,  owing  to  the  difference  of 
their  velocities  in  their  annual  revolutions. 

The  eclipses  of  the  sun  which  happen  to  the 
lunarians  will  be  more  striking,  and  total  darkness 
will  continue  for  a  much  longer  time  than  with 
lis.  When  a  total  eclipse  of  the  moon  happens  to 
us,  there  will  be  a  total  eclipse  of  the  sun  to  the 
lunarians.  At  that  time  the  dark  side  of  the  earth 
is  completely  turned  toward  the  moon,  and  the 
sun  will  appear  to  pass  gradually  behind  the  earth 
until  it  entirely  disappears.  The  time  of  the 
continuance  of  total  darkness  in  central  eclipses 
will  be  nearly  two  hours;  and,  of  course,  a  total 
eclipse  of  the  sun  will  be  a  far  more  striking  and 
impressive  phenomenon  to  the  inhabitants  of  the 
moon  than  to  us.  A  complete  darkness  will 
ensue  immediately  after  the  body  of  the  sun  is 
hidden,  and  the  stars  and  planets  will  be  as  clearly 
seen  as  at  midnight.  When  a  partial  eclipse  of 
the  moon  happens  to  us,  all  that  portion  of  the 
moon's  surface  over  which  the  shadow  of  the 
earth  passes  will  suffer  a  total  eclipse  of  the  sun 
during  the  period  of  its  continuance.  On  other 
parts  of  the  moon's  surface  there  will  bo  a  partial 
eclipse  of  the  sun,  and  to  those  who  are  beyond 
the  range  of  the  earth's  shadow  no  eclipse  will 
appear.  When  an  eclipse  of  the  sun  happens  to 
us,  the  lunarians  will  behold  a  dark  spot,  with  a 
penumbra  or  fainter  shades  around  it,  moving 
across  the  disc  of  the  earth,  which  then  appears 
a  full  enlightened  hemisphere,  excepting  the  ob- 
Bcurity  caused  by  the  progress  of  the  shadow. 
The  inhabitants  on  the  other  hemisphere  of  the 


moon  can  never  experience  a  solar  eclipse,  as  tlia 
earth  can  never  interpose  between  the  sun  and 
any  part  of  that  hemisphere,  so  that  they  will 
only  know  of  such  phenomena  by  report,  unless 
they  undertake  a  journey  for  the  purpose  of 
observing  them. 

The  study  of  astronomy  in  the  moon  will,  on 
the  whole,  be  more  difhcult  and  comple.x  than  to 
us  on  tlie  earth.  The  phenomena  exhibited  by 
the  earth  will  be  the  most  difficult  to  explain. 
The  lunarians,  at  first  view,  will  be  apt  to  imagine 
that  the  earth  is  a  quiescent  body  in  their  firma- 
ment, because  it  appears  in  the  same  point  of  the 
sky,  and  that  the  other  iieavenly  orbs  revolve 
around  it.  It  will  require  numerous  observations 
of  the  apparent  motions  of  the  sun,  the  earth, 
the  planets,  and  the  stars,  and  numerous  trains  of 
reasoning  respecting  the  phenomena  they  exhibit, 
before  they  are  convinced  that  the  globe  on  which 
they  dwell  really  moves  round  the  earth,  and  that 
both  of  them  move,  in  a  certain  period,  around 
the  sun.  If  they  are  endowed  with  no  higher 
powers  than  man,  or  if  they  are  as  foolish  and 
contumacious  as  the  great  bulk  of  mankind,  it 
will  be  more  difficult  to  convince  them  of  tho 
true  system  of  the  world  than  it  has  been  for  our 
astronomers  to  convince  a  certain  portion  of  our 
community  that  tbe  earth  turns  round  its  axis, 
and  performs  a  revolution  round  the  sun.  They 
will  naturally  think,  as  we  did  formerly,  that  their 
habitation  is  in  a  quiescent  state  in  the  center  of 
the  universe,  and  that  all  the  other  bodies  in  tho 
heavens,  except  the  earth,  revolve  around  it;  and 
the  singular  phenomena  which  our  globe  exhibits 
in  their  sky,  with  its  diversified  aspect,  its  diurnai 
rotation,  and  occasional  vibrations,  will  puzzle 
them  not  a  little  in  attempting  to  lind  out  a  propel 
explanation.  It  will  be  somewhat  difficult  foj 
them  to  ascertain  the  exact  length  of  their  year 
or  the  time  of  their  revolution  round  the  sun 
There  are  only  two  ways  by  which  we  can  con 
ceive  they  will  be  enabled  to  determine  this  point- 
1.  By  observing  when  either  of  the  poles  of  th* 
earth  begins  to  be  enlightened  and  the  other  pole 
to  disappear,  which  is  always  at  the  time  of  our 
equinoxes.  2.  By  observing  the  coi-.rse  of  thft 
sun  among  the  stars,  and  endeavoring  to  ascertain 
when  he  returns  to  the  same  relative  position  in 
reference  to  any  of  these  orbs.  The  length  of 
the  lunar  year  is  about  the  same  as  ours,  but 
different  as  to  the  number  of  days,  the  lunarians 
having  only  12  T-19  days  in  their  year,  every  day 
and  night  being  as  long  as  29j^^  of  ours.  On  the 
other  hand,  the  lunar  astronomers  will  enjoy  some 
advantages  in  making  celestial  observations  which 
we  do  not  possess.  Those  who  live  on  the  side 
next  the  earth  will  be  enabled  to  determine  the 
longitude  of  places  on  the  lunar  surface  with  as 
much  ease  as  \Me  find  the  latitude  of  plac's  on  our 
globe.  For  as  the  earth  keeps  constantly  over 
one  meridian  of  the  moon  (or  very  nearly  so),  the 
east  and  west  distances  of  places  from  that  me- 
ridian may  be  readily  found,  by  taking  the  altitude 
of  the  earth  above  the  horizon,  or  its  distance 
from  the  zenith,  on  the  same  principle  as  we 
obtain  the  latitude  of  a  [)lace  by  taking  the  alti- 
tude of  the  pole-star,  or  the  bight  of  tlie  equator 
above  the  horizon.  The  lunar  astronomers  will 
likewise  possess  advantages  superior  to  ours  in  the 
purity  of  their  atmosphere,  and  tlie  greater  degree 
of  brilliancy  with  which  the  heavenly  bodies  will 
appear;  and,  in  particular,  they  enjoy  a  singular 
advantage  above  a  terrestrial  astronomer  in  the 
length  of  their  nights,  which  gives  them  an  oppor- 
tunity of  contemplating  the  heavenly  bodies,  par- 
ticularly Mercury  and  Venus,  and  tracing  thcii 
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motions  and  aspects  for  a  length  of  time  without 
intermission. 

Such  are  some  of  the  peculiar  phenomena  of 
the  heavens  as  beheld  from  tlie  moon.  However 
different  tliese  phenomena  may  appear  from  those 
which  are  beheld  in  our  terrestrial  firmament, 
they  are  all  owing  to  the  following  circumstances: 
that  the  moon  moves  round  the  earth  as  the  more 
immediate  center  of  its  motion  ;  that  it  turns 
always  the  same  side  to  the  earth,  and,  conse- 
quently, it  moves  round  its  axis  in  the  same  time 
in  which  it  moves  round  the  earth.  These  slight 
differences  in  the  motions  and  relative  positions 
of  tlie  earth  and  moon  are  the  principal  causes  of 
all  the  peculiar  aspects  of  the  lunar  firmament 
which  we  have  now  described.  And  this  consid- 
eration shows  us  how  the  Creator  may,  by  the 
slighteat  changes  in  the  positions  and  arrange- 
ments of  tlio  celestial  orbs,  produce  an  indefinite 
variety  of  scenery  throughout  the  universe,  so 
that  no  world  or  system  of  worlds  shall  present 
the  same  scenery  and  phenomena  as  another. 
And  so  far  as  our  knowledge  and  observation  ex- 
tends, this  appears  to  be  one  of  the  grand  princi- 
ples of  the  Divine  arrangements  throughout  the 
system  of  Creation,  which  will  be  still  more  ap- 
parent from  the  sketches  I  am  now  about  to  give 
of  the  phenomena  presented  from  the  surfaces  of 
the  satellites  connected  with  the  other  planets. 

The  Hceiicrij  of  the  Heavens  from  the  Satellites 
of  Jupiter.  —  The  scenery  of  the  firmament  as 
beheld  from  the  satellites  of  this  planet  will  bear 
a  certain  analogy  to  what  we  have  now  described 
in  relation  to  the  moon,  but  it  will  be  much  more 
diversified  and  resplendent.  The  most  striking 
and  glorious  object  in  the  firmament  of  the  first 
satellite  is  the  planet  itself.  The  distance  of  this 
satellite  from  the  center  of  Jupiter  being  only 
about  three  diameters  of  that  body,  it  will  appear 
in  the  heavens  like  an  immense  globe,  above  thir- 
teen hundred  times  larger  than  the  apparent  size 
of  our  moon,  and  will  occupy  a  considerable  por- 
tion of  the  celestial  hemisphere.  To  those  who 
live  in  the  middle  of  the  iiemisphere  of  this  sa- 
tellite, opposite  to  Jupiter,  this  vast  globe  will 
appear  in  the  zenith,  filling  a  large  portion  of  the 
sky  directly  above  them,  equal  to  19  degrees  of  a 
great  circle,  so  that  nine  or  ten  of  such  bodies 
would  reach  from  one  side  of  the  heavens  to 
another.  To  those  in  other  situations  it  will  ap- 
pear at  different  elevations  above  the  horizon,  ac- 
cording to  their  distances  from  the  central  parts 
of  that  hemisphere.  Tliis  huge  globe,  in  the 
course  of  twenty-one  hours,  will  exhibit  a  cres- 
cent, a  half  moon,  a  gibbous  phase,  and  a  {all  en- 
lightened hemisphere,  so  that  its  appearance  will 
be  perpetually  changing.  When  it  shines  with  a 
full  face,  itwill  exhibit  a  most  glorious  appearance; 
it  will  reflect  an  immense  quantity  of  light  upon 
the  satellite,  and  all  the  varieties  on  its  surface 
will  be  beautifully  perceived.  In  the  day-time  it 
will  present  a  cloudy  appearance,  continually 
changing  its  form,  and  when  its  dark  side  is  turned 
to  the  satellite  itwill  probably  become  invisible; 
but  it  will  never  be  altogether  invisible  beyond 
two  or  three  hours  at  a  time,  until  its  enlightened 
crescent  again  begins  to  appear.  We  find  by  the 
telescope  tliat  the  surface  of  Jupiter  is  diversified 
with  a  variety  of  belts,  which  frequently  change 
their  appearance,  and  sometimes  by  bright  and 
dark  spots.  Now  all  the  varieties  on  its  surface, 
and  the  changes  which  may  take  place  in  its  at- 
mosphere, will  be  pretty  distinctly  seen  from  the 
surface  of  this  satellite;  and  as  Jupiter  turns 
round  its  axis  in  the  space  of  less  than  ten  hours, 
•verj  hour  will  present  a  new  sceno  upon  its  sur- 


face. This  expansive  and  variegated  surface  of 
Jupiter,  its  diurnal  rotation,  and  its  rapid  change 
of  phases,  will  therefore  form  a  most  wonderful 
and  interesting  spectacle  to  the  inhabitants  of 
this  satellite. 

The  three  other  satellites  will  likewise  increase 
the  variety  and  the  luster  of  its  firmament.  The 
second  satellite,  in  its  course  round  Jupiter,  will 
frequently  come  within  160,000  miles  of  the  first, 
which  is  its  nearest  approach  to  it;  at  which  time 
the  satellite  will  appear  with  a  face  nearly  three 
times  as  large  as  our  moon.  At  otlier  times  it 
will  be  680,000  miles  distant,  and  will  appear  more 
than  sixteen  times  smaller  than  in  the  former  po- 
sition. At  the  time  when  Jupiter  presents  its  dark 
hemisphere  to  the  first  satellite,  if  the  second  sa- 
tellite be  then  at  its  nearest  distance,  or  in  opposi- 
tion to  the  sun,  it  will  shine  with  a  full  enlightened 
hemisphere  upon  the  first  satellite.  At  other 
times  it  will  assume  a  half  moon,  a  crescent,  or  a 
gibbous  phase;  and  the?e  ])hases  will  not  only  be 
rapidly  changing,  but  the  apparent  magnitude  of 
the  satellite  will  likewise  be  rapidly  increasing  or 
diminishijig.  While  at  one  period  it  shines  with 
a  large  and  full  enlightened  face,  in  the  course  of 
two  or  three  of  our  days  it  will  appear  as  a  slen- 
der crescent,  and  more  than  twelve  or  sixteen 
times  less  in  apparent  diameter  than  before.  The 
third  and  fourth  satellites  will  exhibit  phenomena 
somewhat  similar;  but  as  their  distance  is  greater 
than  that  of  the  second,  their  apparent  magni- 
tudes will  be  smaller,  and  the  changes  of  their 
phases  will  be  less  frequent,  in  proportion  to  the 
slowness  of  their  motions  and  tlie  length  of  the 
periods  of  their  revolutions.  The  eclipses  of  the 
sun,  which  so  frequently  happen  to  the  first  sa- 
tellite from  the  interposition  of  the  body  of  Jupiter, 
will  form  very  interesting  and  impressive  phenom- 
ena. Every  forty-two  hours  this  satellite  suffers 
a  solar  eclipse  for  tlie  space  of  more  than  two 
hours;  and  it  is  highly  probable  that  it  is  chiefly 
at  such  times  that  the  starry  firmament  appears 
in  all  its  splendor,  and  affords  its  inhabitants  an 
opportunity  of  tracing  the  motions  and  contein- 
plating  the  phenomena  of  the  distant  bodies  of 
the  universe;  for  at  other  times  the  blaze  of  re- 
flected light  from  the  body  of  Jupiter  and  from 
the  other  satellites  will,  in  all  probability,  prevent 
the  greater  part  of  the  fixed  stars  from  being  dis- 
tinctly perceived;  so  that  these  eclipses,  instead 
of  being  an  evil  or  a  cause  of  annoyance  to  the 
inhabitants,  will  increase  their  enjoyment,  will 
add  to  the  variety  of  their  celestial  scenery,  and 
open  to  them  prospects  of  the  grandeur  of  the 
starry  firmament  and  the  distant  regions  of  cre- 
ation. 

What  has  been  now  stated  in  reference  to  the 
first  satellite  may  also  be  applied  in  general  to  tho 
other  three  satellites,  with  this  difference,  that 
Jupiter  will  appear  of  a  different  apparent  mag- 
nitude from  each  satellite;  and  the  motions,  mag- 
nitudes, and  aspects  of  the  other  satellites  will 
likewise  be  somewhat  different.  In  each  satellitei 
the  great  globe  of  Jupiter,  suspended  motionless 
in  the  sky,  will  be  the  most  conspicuous  object 
in  the  heavens.  To  the  second  satellite  this  globe 
will  appear  about  470  times  larger  than  our  moon; 
to  the  third  IttO  times;  and  to  the  fourth  about  80 
times  the  apparent  size  of  the  full  moon.  But 
each  satellite  will  have  certain  other  phenomena 
peculiar  to  itself,  which  it  would  be  too  tedious  to 
describe.  To  all  of  them  the  occultations  of  the 
other  satellites  by  the  body  of  Jupiter;  their 
eclipses  by  falling  into  its  shadow;  the  varieties 
on  its  surface,  caused  by  its  diurnal  rotation;  the 
shadows  of  the  satellites  passing  like  dark  spots 
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across  its  disc;  the  transits  of  the  satellites  them- 
selves, like  full  moons  crossing  the  orb  of  Jupiter; 
the  diversified  plienomena  of  eclipses,  some  of 
them  happening  when  the  satellite  is  like  a  cres- 
cent or  half  moon,  and  some  of  them  when  it 
appears  as  a  full  enlightened  hemisphere,  and  va- 
rious other  circumstances,  will  afford  an  indefi- 
nite variety  of  celestial  phenomena;  and  scarcely 
a  single  day  will  pass  in  which  some  of  these 
phenomena  are  not  observed.  The  length  of  the 
day  is  different  in  each  satellite.  In  the  first  sat- 
ellite, the  length  of  the  day  and  night  is  42  hours 
27  minutes;  in  the  second,  3  days,  13  hours;  in 
the  third,  7  days,  3}^  hours;  and  in  the  fourth, 
16  days,  IG}4  hours.  The  starry  heavens  will 
therefore  appear  to  make  a  revolution  round  each 
satellite  in  these  respective  times.  The  other 
satellites  will  also  appear  to  make  a  diurr.al  revo- 
lution, but  in  periods  of  time  somewhat  different. 
The  variety  of  motions,  and  other  phenomena  to 
which  we  have  now  alluded,  and  particularly  the 
rotation  of  Jupiter  and  the  variation  of  its  phases, 
will  afford  various  a*ccurate  measures  of  time  to 
all  the  satellites.  The  following  figure  contains  a 
rude  sketch  of  a  portion  of  the  firmament  as  it 
will  appear  from  one  of  the  satellites  of  Jupiter. 

Fig.  111. 


In  this  figure,  suppose  the  larger  circle  at  the 
top  to  represent  one  of  the  satellites  as  seen  in  the 
firmament  of  the  fourth  satellite,  and  suppose  it 
appears  with  a  surface  twice  the  size  of  our  moon; 
Jupiter  would  require  to  be  double  the  size  here 
represented,  and  more  than  fifteen  times  larger  to 
represent  its  comparative  size  as  viewed  from  the 
first  satellite.  The  larger  circle  represents  Jupi- 
ter when  exhibiting  a  gibbous  phase  to  the  satel- 
lite; the  three  other  figures  are  the  other  satellites 
under  different  phases. 

Celestial  Scenery  of  the  Satellites  of  Saturn — 
What  has  been  slated  above  in  relation  to  Jupi- 
ter's satellites  will  apply,  in  part,  to  those  of  Sa- 
turn. But  the  satellites  of  this  planet  have  like- 
wise celestial  scenery  peculiar  in  themselves,  and 
the  scenes  presented  to  one  satellite  are,  in  some 
respects,  different  from  those  presented  to  all  the 
rest.  One  of  the  most  singular  phenomena  in 
their  firmament  is  the  diversified  appearance  of 
the  body  of  Saturn,  and  that  of  its  rings,  which 
will  be  beheld  in  their  sky  under  a  great  variety 
of  aspects.  To  describe  all  the  variety  of  pheno- 
mena peculiar  to  each  satellite  connected  with 
Saturn  would  almost  require  a  separate  treatise, 
and  therefore  I  shall  state  oidy  two  or  three  ])ro- 
mlnent  facts  in  relation  to  the  first  and  seventh, 
or  tlie  innermost  and  outermost  satellites.  The 
first  satellite,  being  only  80,000  miles  distant  from 
the  sitrjacc  oi  Saturn  and  only  18,000  miles  from 


the  outer  edge  of  the  rings,  the  globe  of  Saturn 
and  its  stupendous  rings  must  present  a  very  au- 
gust and  striking  appearance  in  its  nocturnai 
firmament.  The  hemisphere  of  Saturn  contains 
an  area  more  than  1300  times  larger  than  that  of 
our  moon;  consequently,  if  the  first  satellite  were 
placed  at  the  same  distance  from  Saturn  as  our 
moon,  the  surface  of  that  planet  would  appeai, 
from  the  satellite,  1300  times  larger  than  tha 
moon  does  to  us.  But  the  satellite  is  only  120,000 
miles  from  the  center  of  Saturn,  or  lialf  the  dis- 
tance of  the  moon  from  the  center  of  the  earth; 
therefore  Saturn  will  appear  four  limes  larger,  or 
5200  times  greater,  as  seen  from  this  satellite, 
than  the  moon  when  viewed  from  the  earth.  The 
moon  occupies  only  the  1 -90,000th  part  of  our  ce- 
lestial hemisphere,  but  the  globe  of  Saturn  will 
fill  one-seventeenth  part  of  the  visible  firniament 
of  its  first  satellite;  and  if  we  take  liie  extent  of 
the  rings  into  account,  they  will  occupy  a  space 
two  or  three  times  greater;  so  that  the  planet  and 
its  rings  will  present  a  most  grand  and  liiagnifi- 
cent  oDJect  in  the  canopy  of  heaven,  of  which  we 
can  form  only  a  very  faint  conception.  It  is  not 
likely  that  more  than  one-half  of  the  globe  of  Sa- 
turn will  be  visible  from  this  satellite  on  account 
of  the  interposition  of  the  rings;  and  as  it  moves 
in  an  orbit  which  is  nearly  parallel  with  the  plane 
of  the  rings,  the  surfaces  of  these  rings  will  b« 
seen  in  a  very  oblique  direction;  but  still  they  will 
exhibit  a  very  resplendent  appearance.  When  the 
edge  of  the  exterior  ring  is  opposite  to  the  satel- 
lite, and  enlightened  by  the  sun,  it  will  present  a 
large  arch  of  light  in  the  heavens  on  each  side  of 
the  planet,  above  which  will  appear  half  the  hemi- 
sphere of  Saturn.  If  the  satellite  turn  round  ita 
axis  in  the  same  time  in  which  it  revolves  round 
the  planet,  as  is  piobable,  Saturn  and  its  rings 
will  appear  stationary  in  the  heavens,  and  the 
planet  will  present  to  the  inhabitants  of  the  satel- 
lite a  variety  of  phases,  such  as  a  half  moon  and 
a  crescent,  beside  the  variety  of  objects  which 
will  appear  on  the  surface  of  Saturn  during  itg 
rotation  on  its  axis.  The  rings  will  likewise  ap- 
pear to  vary  their  aspect  during  every  revolution, 
beside  the  variety  of  olijects  they  will  present  du- 
ring their  rotation.  At  one  time  they  will  exhibit 
large  and  broad  luminous  arches;  at  another  tijiie 
they  will  appear  as  narrov/  streaks  of  light;  and 
at  another  they  will  appear  like  dark  belts  across 
the  disc  of  Saturn.  And  as  this  satellite  moves 
round  the  planet  in  the  course  of  twenty-two  and 
a  half  hours,  these  appearances  will  be  changing 
almost  every  hour.  Tlie  appearances  of  the  six 
other  satellites,  continually  varying  their  phases, 
their  apparent  magnitudes,  and  their  relative  as- 
pects; their  positions  in  respect  to  the  body  of 
Saturn  and  its  rings;  their  occultalions  by  the  in- 
terposition both  of  the  rings  and  the  planet,  and 
the  eclipses  to  which  they  are  frequently  subject- 
ed, will  produce  a  diversity  of  phenomena  and  a 
grandeur  unexampled  in  the  case  of  any  other 
moving  bodies  in  our  system.  The  second  satel- 
lite, when  in  opposition,  or  at  its  nearest  position 
to  the  first,  will  be  only  thirty  thousand  miles  dis- 
tant;  and  although  its  real  size  is  not  greater  than 
our  moon,  it  will  present  a  surface  sixty-four 
times  larger  than  the  full  moon  docs  in  our  :,ky 
It  will  appear  in  all  the  phases  of  the  moon  in  th^ 
course  of  less  than  thirty-six  hours,  and  will  be 
continually  changing  its  apparent  magnitude,  ou 
account  of  its  removing  farther  from  or  nearer  to 
the  first  satellite.     The  third  satellite*  will  appear 


•  Here  the  satellites  are  distinguished  according  to  thi  oi* 
der  of  ttieir  distances  from.  Saturn. 
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nearly  half  as  large,  as  it  is  only  seventy  thousand 
miles  distant  at  its  nearest  approach;  and  will 
present  nearly  the  same  varieties  as  the  other. — 
All  the  other  satellites  w?ill  appear  smaller  in  pro- 
portion to  their  distance  from  the  orbit  of  the  lirst; 
but  they  will  all  appear  much  larger  than  our 
moon,  except  the  seventh,  or  outermost  satellite, 
which  will  appear  considerably  smaller.  Perhaps 
tlie  sixth  satellite  from  Saturn  will  not  appear 
larger  than  our  moon. 

The  seventh  or  outermost  satellite,  which  is 
reckoned  among  the  largest,  will  have  a  scenery 
in  its  sky  somewhat  different  from  that  of  the 
first.  As  its  orbit  is  materially  inclined  to  the 
rings,  its  inhabitants  will  liave  a  more  ample  pros- 
pect of  these  rings  and  of  the  body  of  Saturn  than 
several  of  the  other  satellites,  although  these  ob- 
jects are  beheld  at  a  greater  distance,  and,  conse- 
quently, will  not  fill  so  large  a  portion  of  its  sky. 
Their  appearance,  however,  will  not  be  destitute 
of  splendor;  for  this  satellite  is  400  times  nearer 
Saturn  than  we  are,  and  the  body  of  this  planet 
will  appear  sixteen  times  larger  than  the  moon  to 
us,  and  its  rings  will  occupy  a  space  proportiona- 
bly  more  expansive.  The  phases  of  Saturn  and 
its  rings,  and  the  various  changes  of  aspect  which 
they  assume,  will  be  more  distinctly  perceptible, 
though  on  a  smaller  scale,  than  from  some  of  the 
interior  satellites;  for  the  whole  body  of  the  pla- 
net, as  well  as  the  rings,  will  in  most  cases  appear 
full  in  view.  The  other  six  satellites  will  be  seen 
ill  all  the  different  phases  and  aspects  above  de- 
scribed, and  they  will  never  appear  to  recede  to 
any  great  distance  from  the  body  of  Saturn;  but 
will  appear  first  on  one  side  and  then  on  another, 
and  sometimes  either  above  or  below  the  planet,  as 
Mercury  and  Venus  appear  to  us  in  respect  to  the 
Bun,  anil,  consequently,  that  portion  of  the  hea- 
vens in  which  Saturn  appears  will  present  a  most 
splendid  appearance.  In  this  respect  the  relative 
positions  of  the  satellites,  as  seen  from  the  outer- 
most, will  be  different  from  their  aspects  and  po- 
sitions as  viewed  from  the  Innermost  satellite, 
where  they  will  sometimes  appear  in  regions  of 
the  sky  directly  opposite  to  Saturn.  All  the  other 
satellites  of  this  planet  will  have  phenomena  ;;ecu- 
liar  to  th€7nselves  in  their  respective  firmaments, 
and  in  all  of  them  these  phenomena  will  be  ex- 
hibited on  a  scale  of  grandeur  and  magnificence. 
But  to  enter  into  details  in  reference  to  each  satel- 
lite might  prove  tedious  to  the  general  reader. 

Let  us,  then,  conceive  a  firmament  in  which  is 
suspended  a  globe  five  thousand  times  larger  than 
the  apparent  size  of  our  moon;  let  us  conceive 
luminous  arches,  still  more  expansive,  surround- 
ing this  globe;  let  us  conceive  six  moons  of 
different  apparent  magnitudes,  some  of  them  sixty 
times  larger  in  apparent  size  than  ours;  let  us 
conceive,  further,  all  these  magnificent  bodies 
sometimes  appearing  in  one  part  of  the  heavens 
and  sometimes  in  another,  clianging  their  phases 
and  apparent  magnitudes  and  distances  from  each 
other  every  hour;  appearing  sometimes  like  a 
large  crescent,  sometimes  like  a  small,  sometimes 
shining  with  a  full  enlightened  face,  and  some- 
times suffering  a  total  eclipse;  sometimes  hidden 
behind  the  large  body  of  the  planet,  and  sometimes 
crossing  its  disc  with  a  rapid  motion,  like  a  circu- 
lar shadow;  let  us  suppose  th?se  and  many  other 
diversified  phenomena  presenting  themselves  with 
unceasing  variety  in  the  canoi)y  of  heaven,  and 
we  shall  have  some  faint  idea  of  tlie  grandeur  of 
the  finnament  as  seen  from  some  of  the  satellites 
of  Saturn. 

No  delineations,  except  on  a  very  large  scale, 
ttould  convey  .luy   tolerable   idea  of   the  objects 


now  described.  Fig.  112  exhibits  a  rude  idea  of 
the  firmament  as  viewed  from  the  first  or  second 
satellite  of  Saturn;  but  the  body  of  Saturu  and 

Fig.  112. 


the  ring  should  be  eight  or  ten  times  larger  in  pro- 
portion to  the  size  of  the  moons  or  satellites  hero 
represented.  As  the  orbits  of  the  inner  satellites 
are  nearly  on  the  same  plane  as  the  rings,  they 
will  appear,  in  an  oblique  position,  and  it  is  ques- 
tionable whether  the  division  between  the  rings 
will  be  distinctly  visible.  The  opposite  part  of  the 
ring,  or  that  which  is  most  distant  from  the  satel- 
lite, will  appear  smaller  than  the  side  which  is 
nearest  it;  and  only  one-half  of  the  body  of  Sa- 
turn will  be  seen,  the  other  half  being  hidden, 
eitiier  in  wliole  or  in  part,  by  the  ring. 

Fig.  113  represents  the  firmament  of  the  se- 
venth or  outermost  satellite.  As  its  orbit  is  con- 
siderably inclined  to  the  plane  of  the  ring,  the 

Fig.  113. 


whole  body  of  the  planet  will  frequently  be  seen 
within  the  rings,  which  will  ap|)ear  as  ovals 
around  it.  The  six  other  satellites  will  appear 
in  the  vicinity  of  Saturn  and  its  rings,  none  of 
them  ever  removing  to  any  considerable  distance 
from  the  edge  of  the  rings,  and  some  of  them  may 
occasionally  be  seen  moving  in  the  open  space  be- 
tween the  planet  and  the  rings.  In  this  figure  Sa- 
turn and  the  rings  should  be  considerably  larger 
in  proportion  to  the  moons  than  they  are  here  re- 
presented. 

Celestial'  Scenerij  as  viewed  from  the  Rixgs  of 
SaUirn. — Supposing  the  rii'gs  to  be  inhabited, 
which  there  is  as  much  reason  to  believe  as  that 
the  planet  itself  is  a  habitable  globe,  it  is  probable 
that  there  is  a  greater  diversity  of  celestial  scene- 
ry and  of  sublime  objects  presented  to  view  than 
any  we  have  yet  described.  There  will  bo  at 
least  six  varieties  of  celestial  scenery,  according 
as  the  spectator  is  placed  on  different  parts  of  the 
rings.  One  variety  of  scene  will  be  exiiibited 
from  the  exterior  edge  of  the  outer  ring;  a  secoad 


124 


CELESTIAL  SCENERY. 


variety  from  the  ivterinr  edge  of  the  inner  ring; 
a  third  variety  from  the  interior  edge  of  the  outer 
ring;  a  fourth  from  tlie  exterior  edge  of  the  inner 
ring;  a  fiftli  from  the  sides  of  the  rings  enligliten- 
ed  by  the  sun;  and  a  sixth  variety  from  tlie  oppo- 
site sides,  wliich  are  turned  away  from  the  sun, 
and  enjoy,  for  a  time,  only  the  reflected  liglit  from 
the  satellites.  To  describe  all  these  varieties  in  a 
minute  detail  would  be  tedious,  and  at  the  same 
time  unsatisfactory,  witliout  the  aid  of  diagrams 
and  figures  on  a  very  enlarged  scale,  and  there- 
fore I  shall  chiefly  confine  myself  to  a  general 
description  of  one  of  these  celestial  views. 

Tiiose  who  live  on  the  sides  of  tlie  rings  will 
behold  the  one-half  of  the  hemisphere  of  Saturn, 
which  will  fill,  perhaps,  the  one-fifth  or  the  one- 
sixth  part  of  their  celestial  hemisphere,  while  the 
other  portions  of  the  planet  will  be  hidden  by  the 
interposition  of  the  rings.  Those  wlio  are  near 
the  inner  edge  of  the  interior  ring  are  only  thirty 
thousand  miles  from  the  surface  of  Saturn,  and 
consequently  all  the  varieties  upon  its  surface 
will  be  distinctly  perceived.  Those  near  the  outer 
edge  of  the  exterior  ring  are  about  sixty  thousand 
miles  distant  from  the  planet,  which  will  conse- 
quently appear  to  them  four  times  less  in  size  than 
ti)  the  "former;  but  being  only  eighteen  thousand 
miles  from  the  first  satellite  at  the  time  of  its 
opposition  to  Saturn,  that  satellite  will  present 
an  object  more  than  three  hundred  and  fifty  times 
hirsrer  than  our  moon,  which  will  rapidly  assume 
ditferent  phases,  and  will  be  continually  varying 
in  its  ai)paront  magnitude;  and  at  its  greatest  dis- 
tance beyond  the  opposite  side  of  the  rings  it  will 
appear  at  least  170  times  less  than  when  in  the 
nearest  point  of  its  orbit;  and  all  the  intermediate 
varieties  of  magnitude  and  aspect  will  be  accom- 
plished within  less  than  two  days.  So  that  this 
satellite  will  be  continually  changing  its  apparent 
Kize,  from  an  object  two  or  three  times  the  appa- 
rent bulk  of  our  moon  to  one  350  times  greater. 
The  same  may  be  affirmed  in  respect  to  the  other 
six  satellites,  with  this  exception,  that  they  will 
appear  of  a  smaller  magnitude,  and  the  periodic 
times  of  their  phases  and  the  changes  in  apparent 
magnitude  will  be  different. 

Another  object  which  will  diversify  the  firma- 
ment of  those  who  are  on  one  of  the  sides  of  the  rings 
is  the  opposite  portions  of  the  rings  themselves. — 
These  will  appear  proceeding  from  each  side  of  the 
planet  like  large  broad  arches  of  light,  each  of 
them  somewhat  less  than  a  quadrant,  and  will  fill 
a  very  large  portion  of  the  sky,  so  that  the  inhabi- 
tants of  the  same  world  will  behold  a  portion  of 
their  own  habitation  forming  a  conspicuous  part 
of  their  celestial  canopy,  and,  at  first  view,  may 
imagine  that  it  forms  a  celestial  object  with  wliich 
they  have  no  immediate  connection.  Were  they 
to  travel  to  the  opposite  part  of  the  ring,  they 
would  see  the  habitation  they  had  left  suspended 
in  the  firmament,  without  being  aware  that  the 
spot  which  they  left  forms  a  portion  of  the  phe- 
nomenon they  behold.  As  the  rings  revolve  round 
the  planet,  and  the  planet  revolves  round  its  axis, 
the  different  parts  of  the  surface  of  the  planet 
will  present  a  different  aspect,  and  its  variety  of 
scenery  will  successively  be  presented  to  the  view. 
The  eclipses  of  the  sun  and  of  the  satellites,  by 
the  interposition  of  the  body  of  Saturn  and  of  the 
opposite  sides  of  the  rings,  will  produce  a  variety 
of  striking  phenomena,  which  will  be  diversified 
almost  every  hour. 

From  the  dark  side  of  the  rings,  which  are 
turned  away  from  the  sun  for  fifteen  years,  a  great 
vhriety  of  inte-rcstiiig  phenomena  will  likewise  be. 
nresenlcJ  ;  and,  during  th.is  period,  the  ijspect  of 


the  firmament  will  in  all  probahility  be  most  vivid 
and  striking.  This  portion  of  the  rings  will  not 
be  in  absolute  daikness  during  the  absence  of  the 
sun,  for  some  of  the  seven  satellites  will  always 
be  shining  upon  it;  sometimes  three,  sometimea 
four,  and  sometimes  all  the  seven,  in  one  bright 
assemblage.  It  is  probable,  too,  that  the  planet, 
like  a  large  slender  crescent,  will  occasionally  dif- 
fuse a  mild  splendor;  and,  in  the  occasional  ah- 
senre  of  these,  the  fixed  stars  will  display  theii 
radiunce  in  the  heavens,  which  will  be  the  princi- 
pal opportunity  afforded  for  studying  and  contem- 
plating these  remote  luminaries.  Those  who  are 
on  the  outermost  ring  will  behold  the  other  ring, 
and  the  opposite  parts  of  their  own,  like  vast 
arches  in  the  heavens;  and  although  only  2800 
miles  intervene  between  the  two  rings,  that  space 
may  be  as  impassable  as  is  the  space  which  inter- 
venes between  us  and  the  moon. 

If  the  two  rings  have  a  rotation  round  Saturn 
in  different  periods  of  time,  as  is  most  probable, 
it  viill  add  a  considerable  variety  to  the  scenery 
exhibited  by  the  ditferent  objects  which  will  suc- 
cessively appear  in  the  course  of  the  rotation. 

The  numerous  splendid  objects  displayed  in  the 
heavens,  as  seen  from  these  rings,  would  afford  a 
grand  and  diversified  field  for  telescopic  observa- 
tions, surpassing  in  variety  and  sublimity  whatever 
is  displayed  in  any  other  region  of  the  solar  system; 


Fig.  114, 


by  which  some  of  the  objects  might  be  contempla- 
tod  as  if  they  were  placed  within  the  distance  of 
forty  or  fifty  miles. 

The  preceding  figure  (114)  represents  a  view 
of  the  firmament  from  one  of  the  sides  of  the 
rings,  in  which  is  seen  half  of  the  hemisphere  of 
Saturn,  with  a  portion  of  the  opposite  sides  of  the 
rings  projecting,  as  it  were,  from  each  side  of  the 
planet,  the  central  part  being  hidden  by  the  inter- 
position of  its  bod^^  From  the  inner  edge  of  the 
interior  ring  the  whole  hemisphere  of  Saturn 
will  be  visible.  The  body  of  Saturn  and  the  rings 
should  be  at  least  twenty  times  larger  than  here 
represented,  so  as  to  be  proportionate  to  the  ap- 
parent size  of  the  satellites. 

Celestial  Scenery  from  the  Satellites  of  Uranvs. 
— After  what  we  have  stated  respecting  the  satel- 
lites of  Jupiter,  it  would  be  needless  to  enter  into 
detail  respecting  the  celestial  views  from  the  satel- 
lites of  this  planet,  as  they  will  bear  a  striking 
analogy  to  those  of  the  moons  of  .Tupiter;  but  the 
firmament  of  each  satellite  of  Uranus  will  be 
more  diversified  than  that  of  any  of  the  satellites 
of  Jui)iter,  as  there  are  six  satellites  connected 
with  this  planet,  and  probably  three  or  four  more 
which  lie  beyond  the  roach  of  our  t-loscopes. — 
From   its   first  satellite  the   bo,!v  of  Uranus  v.'ill 


PLURALITY  OF  THE  SOLAR  WORLDS. 


125 


npppar  nearly  three  hundred  times  larger  than  the 
appaffint  size  of  the  moon  in  our  sky,  and,  conse- 
quently, will  appear  a  very  grand  and  magnificent 
object  ill  its  firmament,  while  the  other  five  moons, 
in  different  phaaes  and  positions,  will  serve  both 
to  illuminate  its  surface,  and  to  diversify  the 
scenery  of  the  heavens.  To  the  second  satellite 
Uranus  will  appear  about  one  hundred  and  eighty 
times  larger  than  the  moon  to  us;  and  to  the  other 
oatellites  it  will  present  a  smaller  surface  in  pro- 
portion to  their  distance.  Each  satellite  will  have 
ita  own  peculiarity  of  celestial  plienomena;  but 
after  what  we  have  already  stated  in  the  preceding 
descriptions,  it  would  be  inexpedient  to  enter  into 
details.  I  shall  therefore  conclude  these  descrip- 
tions with  the  following  remarks: 

1.  In  the  preceding  descriptions,  the  apparent 
magnitudes  of  Jupiter,  Saturn,  and  Uranus,  as 
Hcen  from  the  satellites,  and  the  apparent  magni- 
tudes of  the  satellites,  as  seen  from  each  other,  arc 
only  approximations  to  the  truth,  so  as  to  convey 
&  general  idea  of  the  scenes  displayed  in  their  re- 
spective firmaments;  perfect  accuracy  being  of  no 
importance  in  such  descriptions.  2.  The  variety 
of  celestial  phenomena  in  the  firmaments  of  these 
bodies  is  much  greater  than  we  have  described. — 
Were  we  to  enter  into  minute  details  in  relation 
to  such  phenomena,  it  would  require  a  volume  of 
considerable  size  to  contain  the  descriptions;  for  in 
the  system  of  Saturn  itself  there  is  more  va- 
riety of  phenomena  than  in  all  the  other  parts 
of  the  planetary  system.  3.  Machinery  would 
bo  requisite  in  order  to  convey  clear  ideas 
of  some  of  the  views  alluded  to  in  the  prece- 
ding descriptions,  particularly  in  relation  to  the 
rings  and  satellites  of  Saturn,  in  which  the  propor- 
tional distances  and  magnitudes  of  the  respective 
bodies  would  require  to  be  accurately  represented. 
An  instrument  of  considerable  size  and  complica- 
tion of  machinery  would  be  requisite  for  exhibi- 
ting all  the  plienomena  connected  witli  Saturn: 
and  one  of  the  principal  difficulties  would  be  to 
produce  a  diurnal  rotation  of  the  rings  round  Sa- 
turn, while  at  the  same  time  they  had  no  immedi- 
ate connection  with  it,  and  while  their  thickness 
was  no  greater  in  proportion  to  their  breadth  than 
what  is  found  in  nature,  which  is  only  about  the 
one  three  hundredth  part  of  the  breadth  of  the  two 
rings,  including  the  empty  space  between  them. 
4.  The  diversity  of  celestial  scenery  to  which  we 
have  alluded  is  an  evidence  of  the  infnite  variety 


which  exists  throughout  the  universe,  and  shows 
us  by  what  apparently  simple  means  this  variety 
is  produced.  We  are  thus  led  to  conclude,  that 
among  all  the  systems  and  worlds  dispersed 
througliout  boundless  space,  there  is  no  one  de- 
partment of  creation  exactly  resembling  another. 
Tliis  is  likewise  exemplified  in  the  boundless  vari- 
ety exhibited  in  our  world,  in  the  animal,  vegeta- 
ble, and  mineral  kingdoms.  5.  The  alternatioua 
of  light  and  darkness,  and  the  frequent  eclipses  of 
the  celestial  luminaries  which  happen  among  the 
bodies  conected  with  Jupiter,  Saturn,  and  Uranus, 
so  far  from  being  incoveniences  and  evils,  may  be 
considered  as  blessings  and  enjoyments;  for  it  is 
only  or  chiefly  when  their  inhabitants  are  deprived 
of  the  direct  light  of  the  sun,  or  its  reflection 
from  the  satellites,  that  the  starry  heavens  will 
appear  in  all  their  glory;  and  as  the  interval  in 
which  they  are  thus  deprived  of  light  is  short, 
and  as  it  adds  to  the  variety  of  the  celestial  scene, 
it  must  be  productive  of  pleasure  and  enjoyment. 
6.  The  same  planets  will  be  seen  in  the  firma- 
ments of  the  satellites  as  in  those  of  their  prima- 
ries; but  they  will  be  seldom  visible  on  account 
of  the  large  portion  of  reflected  light  which  will 
be  diffused  tliroughout  their  sky,  except  in  those 
cases  when  their  nocturnal  luminaries  suffer  an 
occultation  or  a  total  eclipse.  The  bodies  mora 
immediately  connected  with  their  own  system 
will  form  the  chief  objects  of  their  attention  and 
contemplation,  and  will  appear  more  interesting 
and  magnificent  than  any  phenomena  connected 
with  more  distant  worlds.  7.  On  all  the  satellites, 
and  particularly  on  the  rings  of  Saturn,  it  will  be 
more  difficult  to  ascertain  the  true  system  of  the 
universe  than  in  any  other  point  of  the  solar  sys- 
tem. I  have  already  alluded  to  the  difficulty  of 
determining  the  true  system  of  the  world  as  ob- 
served from  the  moon  :  but  it  will  be  still  moro 
difficult  in  the  case  of  observers  placed  on  the 
rings  or  satellites  of  Saturn.  The  numerous 
bodies  which  are  seen  every  hour  shifting  their 
aspects  and  positions,  the  apparent  complication 
of  motions  which  they  will  exhibit,  their  phases, 
eclipses,  and  rapid  diminution  of  apparent  size, 
combined  with  the  apparent  diurnal  revolution  of 
the  heavens  and  of  all  the  bodies  in  their  firmament, 
will  require  numerous  and  accurate  observations, 
and  powei's  of  intellect  superior  to  those  of  man, 
in  order  to  determine  with  precision  their  place  iu 
the  solar  system  and  the  true  theory  of  the  universe. 


CHAPTER    IX. 


ON  THE  DOCTRINE  OF  A  PLURALITY  OF  WORLDS,  WITH  AN   ILLUSTRATION 
OF  SOME  OF  THE  ARGUMENTS  BY  WHICH   IT  MAY  BE   SUPPORTED. 


In  the  preceding  descriptions  of  the  facts  con- 
fcected  with  the  bodies  which  compose  the  planet- 
ary system,  and  of  the  celestial  scenery  displayed 
in  their  respective  firmaments,  I  have  assumed  the 
position  that  they  are  all  peopled  with  intellectual 
beings.  This  is  a  conclusion  to  which  the  mind 
is  almost  necessarily  led,  when  once  it  admits  the 
facts  which  have  been  ascertained  by  modern  as- 
tronomers. It  requires,  however,  a  minute  know- 
ledge of  the  whole  scenery  and  circumstances 
connpftrd  with  the  planetary  sy=(ein  lifforc  llii^; 
truth  cornea  home  -to  the  nnu(^r«t.j),.iiii<r  wiJi  full 


conviction.  As  in  the  preceding  pages  [  have 
stated,  with  some  degree  of  minuteness,  the  prom- 
inent facts  connected  with  all  the  bodies  of  the' 
solar  system  (except  comets),  so  far  as  they  are 
yet  known,  the  way  is  now  prepared  for  bringing 
forward  a  few  arguments  founded  on  these  facts, 
which  will  require  less  extensive  illustralions  than 
if  I  had  attempted  to  discuss  this  topic  without 
the  previous  descriptions.  It  may  be  proper, 
however,  to  state,  that  in  this  volume  I  propose 
to  briiiff  forwiirJ  onhj  a  for  of  liior-e  a'-pinn^-nts 
or  considerations  by  v.hith  the  position  Hiiuiiiuiced 
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above  may  be  corroborated  and  supported,  leaving 
the  discussion  of  tlie  remaining  arguments  to  an- 
other volume,  in  wliicli  tlie  other  portions  of  tlie 
Bcenery  of  the  heavens  will  be  described.  This 
is  rendered  almost  indispensable  on  account  of  the 
size  to  which  the  present  volume  has  already 
swelled. 


SECTION   I. 

The  first  argument  I  shall  adduce  in  support  of 
the  doctrine  of  a  plurality  of  worlus  is,  that  there 
are  bodies  in  the  planetary  STjstem  of  such  magni- 
tudes as  to  afford  ample  scope  for  the  abodes  of 
myriads  of  mhahitants. 

This  position  has  been  amply  illustrated  in  the 
preceding  parts  of  this  volume,  particularly  in 
chapter  iii.  From  the  statements  contained  in 
chap,  vi,  it  appears  that  the  whole  planetary 
bodies,  exclusive  of  the  sun,  comprehend  an  area 
of  more  than  seoenty-eiqht  thousand  millions  of 
square  miles,  which  is  three  hundred  and  ninety- 
seven  times  the  area  of  our  globe;  so  that  the  sur- 
faces of  all  the  planets  and  their  satellites  are 
equal,  in  point  of  space,  to  397  worlds  such  as 
ours.  But  as  the  greater  part  of  our  globe  is  cov- 
ered with  water,  and,  consequently,  is  uniit  for 
the  permanent  residence  of  rational  beings,  and 
as  we  have  no  reason  to  believe  that  the  otlier 
planets  have  such  a  proportion  of  water  on  their 
surface,  if  we  compare  the  habitable  parts  of  the 
earth  with  the  extent  of  surface  on  the  planets, 
we  shall  find  that  they  contain  one  thousand  five 
hundred  and  ninety-five  times  the  area  of  all  that 
portion  of  our  globe  which  can  be  inhabited  by 
human  beings,  if  we  take  into  consideration  the 
solid  contents  of  these  globes,  we  find  that  they 
are  more  than  two  thousand  four  hundred  and 
eighty  times  the  bulk  of  our  globe;  and  the  num- 
ber of  inhabitants  they  would  contain,  at  the  rate 
of  England's  population,  is  no  less  than  21,835,- 
000,000,000,  or  nearly  twenty-two  billions,  which 
is  more  than  twenty-seven  thousand  times  the  pres- 
ent population  of  our  globe.  In  other  words,  the 
extent  of  surface  on  all  tlie  planets,  their  rings 
and  satellites,  in  respect  of  space  for  population, 
is  equivalent  to  27,000  such  worlds  as  ours  in  its 
present  state. 

Now,  can  we  for  a  moment  imagine  that  the 
vast  extent  of  surface  ou  such  tnajiuificent  globes 
is  a  scene  of  barrenness  and  dei^olation;  where 
eternal  silence  and  solitude  have  prevailed,  and 
will  for  ever  prevail;  where  no  sound  is  heard 
throughout  all  tl.eir  expansive  regions;  where 
nothing  appears  but  interminable  deserts,  diversi- 
tied  with  frightful  precipices  and  gloomy  caverns; 
wl'.ere  no  vegetable  or  mineral  beauties  adorn  the 
landscape;  where  no  trace  of  rational  intelligences 
is  to  be  found  tliroughout  all  their  wastes  and 
wilds:  and  where  no  thanksgivings,  nor  melody, 
nor  grati'ful  adorations  ascend  to  the  Ruler  of  the 
skies?  To  suppose  that  such  is  the  state  of  these 
capacious  globes  would  exhibit  a  most  gloomy 
and  distorted  view  of  the  character  and  attributes 
of  the  Creator.  It  would  represent  him  as  exert- 
ing his  creating  power  to  no  purpose;  and  as 
acting  in  a  different,  and  even  in  an  opposite  char- 
acter, in  different  parts  of  his  dominions;  as  dis- 
playing wisilom  in  one  part  of  his  creation,  and 
an  o[)posite  attribute  in  anotlier.  For,  so  far  as 
we  are  able  to  penetrate,  it  appears  demonstrable 
that  matter  exists  chiefl)',  if  not  solely,  for  the 
sake  of  sensitive  and   intellectual   beings;  either 


1  to  serve  the  purpose  of  gratifying  the  senses  or 
of  affording  a  medium  of  thought  to  the  mental 
faculty,  or  of  exhibiting  to   the  mind  a  sensible 
display  of   the  existence  and    perfections    of  tha 
supreme  Intelligence.     And  if  it  serve  such  pur- 
poses in  this  part  of  the  creation  which  we  occupy, 
reason   says  that  it  must  serve  similar   purposes 
in  other  regions  of    the  universe.      How  incon- 
gruous would  it  be  to  maintain  that  matter  serves 
such  purposes  in  our  terrestrial  sphere,  and  no- 
where else  throughout  the  range  of  the  planetary 
system?     In  other  words,  that  it  is  useful  to  sen- 
sitive existences  within    the  compass,  of   the  one 
four  hundredth  part  of    that  sy.stem,  but  serves 
no  useful  or  rational   purpose  in  the  other  three 
hundred  and   ninety-nine  parts;   for  the  area  of 
the  earth,  as  above  stated,  is  oidy  about  the  one  four 
hundredth  part  of  the  area  of  all  the  other  plan- 
ets.    Such  a  conclusion  can  never  be  admitted  iu 
consistency  with    those    perfections    which    both 
natural  and  revealed  religion  attribute  to  the  Deity. 
[  If  matter  was  not  created  merely  for  itself,  but  for 
j  the  eujoj'ment  of  a  su]>erior  nature,  then  it  nec- 
j  essarily  follows,  that  wherever  matter  exists,  that 
nobler  nature,  whether  sensitive    or   intellectual, 
t  for  whose  sake  it  was  created,  must  likewise  exist 
I  throughout  some  portions  of  its  extent.     To   re- 
'  plenish  one  comparatively  little  globe  with  sen- 
1  sitive  and  rational  inhabit-juts,  and  to  leave  several 
hundreds  empty,  desolate,  and  useless,  is  (he  per- 
;  feet  reverse  of  art  and  contrivance,  and  altogether 
incompatible  with  the  conceptions  we   ought  to 
form  of  Him  who  is  "  the  only  wise   God,"  and 
i  who  is  declared  to  have  displayed   himself,  in  all 
j  his  operations,  as  "wonderful  in  counsd   and  ex- 
\  celleut  in  working." 

I  In  accordance  with  this  sentiment,  we  find  tha 
I  inspired  writers,  when  speaking  in  the  name  of 
Jehovah,  admitting  the  validity  of  such  reasoning. 
I  "  Thus  saith  Jehovah  that  created  the  heavens; 
I  God  himself  that  formed  the  earth  and  made  it: 
j  he  hath  established  it;  he  created  it  not  in  vain; 

j  HE    FORMED    IT    TO    BE   INHABITED.       I    am  Jehovah, 

i  and  there  is  none  else."*  Here  it  is  plainly  and 
\  pointedly  declared,  that  to  create  the  earth  with- 
1  out  the  design  of  its  being  inhabited  would  have 
been  a  pii-ce  of  folly  inconsistent  with  the  perfec- 
tions of  Him  wliose  intelligence  and  wisdom  are 
j  displayed  throughout  all  his  works.  To  have  left 
it  empty  and  useless  would  have  been  "  to  create 
it  in  vain."  It  would  neither  have  contributed 
to  the  enjoyment  of  intellectual  beings,  nor  served 
as  a  manifestation  of  the  intelligence,  wisdom, 
and  beneficence  of  its  Creator.  This  passage 
likewise  intimates  that  it  is  the  ultimate  desiga 
of  Jehovah  that  this  world  shall,  ere  long,  be  fully 
peopled  with  inhabitants,  and  that  its  forests  and 
desolate  wastes  shall,  in  future  ages,  be  trans- 
formed into  scenes  of  beauty  and  fertility,  fitted 
for  being  the  abodes  of  renovated  moral  agents 
at  that  period  when  "  the  knowledge  of  the  Lord 
shall  cover  the  earth;"  and  this  extension  of  pop- 
ulation and  of  cultivation  is  evidently  going  for- 
ward with  rapid  progress  at  the  present  time  in 
ditlerent  quarters  of  the  globe.  In  connectioD 
with  this  declaration  respecting  the  earth,  it  i* 
also  declared,  that  the  same  Almighty  Being  that 
arranged  the  earth  for  the  purpose  of  replenishing 
it  with  inhabitants,  likewise  "  creiited  the  heavens  ;' 
[)lttinly  intimating,  that  as  both  the  fabrics  were 
erected  by  the  sarnie  all-wise  and  omnipotent  in- 
teiligencH,  the  same  wisdom  is  cisplayej  in  both, 
and  that  the  same  grand  and   beneficent  desigcj 
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are  accomplished  in  the  globes  which  roll  in  the 
heavens  as  well  as  in  the  constitution  of  the 
earth  in  which  we  dwell.  If  tlie  one  was  created 
for  use,  for  the  enjoyment  of  rational  natures, 
and  as  a  theater  in  which  the  Divine  perfection 
might  be  displayed,  so  was  the  other.  It  is  added, 
"I  am  Jehovah,  and  there  is  none  else;"  implying 
that  there  is  a  unity  of  principle,  design,  and 
operation,  in  all  his  plans  and  arrangements 
tliroughout  the  universe,  however  different  in  the 
means  employed,  and  however  varied  the  effects 
produced  in  dilTerent  parts  of  his  dominions. 

Some,  however,  may  be  disposed  to  insinuate 
that  the  Deity  may  have  designs  in  view,  in  the 
creation  of  matter,  of  which  we  are  altogether 
ignorant,  and  that  the  planets  and  other  bodies  in 
the  heavens  may  display  the  Divine  glory  in  some 
way  or  another,  although  they  be  not  peopled  with 
inhabitants.  It  is  readily  admitted  that  we  are 
ignorant  of  many  of  the  purposes  of  the  Deity, 
of  the  details  of  his  operations  in  the  distant  re- 
gions of  creation,  and  of  many  of  the  plans  and 
movements  of  his  moral  government;  and  that, 
through  an  eternal  lapse  of  ages,  we  shall  always 
remain  in  ignorance  of  some  of  the  works  and 
ways  of  the  Almighty.  But  there  are  certain 
general  principles  and  views  with  which  the  Deity 
evidently  intends  that  all  his  rational  creatures 
should  be  acquainted.  It  was  evidently  intended 
tliat  the  visible  creation  should  adumbrate,  as  it 
were,  the  character  of  Him  who  produced  it;  or 
Uiat  it  should  serve  as  a  mirror,  in  which  His  ex- 
istence and  some  of  His  perfections  might  clearly 
be  perceived.  But  if  the  great  globes  of  the  uni- 
verse were  destitute  of  inhabitants,  how  could 
the  Divine  glory  be  discovered  in  their  structure? 
How  could  a  confused  mass  of  rubbish  and  deso- 
lation, however  vast  and  extensive,  display  the  in- 
telligence, the  wisdom,  and  the  benevolence  of 
Its  Maker?  It  might  indicate  a  power  snrpassijig 
our  comprehension,  but  it  would  display  no  other 
perfection  which  tends  to  excite  the  admiration, 
the  love,  and  the  adoration  of  rational  beings.  Yet 
we  are  informed  in  the  Scriptures  that  celestial  in- 
telligences celebrate  the  perfections  of  Jehovah, 
"because  he  hath  created  all  things,"  and  because 
they  perceive  "  His  works"  to  be  "great  and 
MARVELOUS."  They  ascribe  to  Him  "  wisdom, 
and  glory,  and  honor,  and  power,  and  thanksgiv- 
ing," from  the  display  of  His  character  which 
they  perceive  in  his  works.  But  how  could  they 
ascribe  to  him  such  perfections,  if  the  mightiest 
of  his  works  were  a  scene  of  barrenness  and  des- 
olation. Wisdom  can  be  attributed  only  where 
there  appears  to  be  a  proportionating  of  means  to 
ends;  and  goodness  can  have  no  place  where 
there  are  no  sensitive  or  rational  beings  to  enjoy 
the  effects  of  it.  It  is,  therefore,  a  mere  evasion 
to  assert  that  the  Divine  glory  may  be  manifested 
in  the  celestial  globes,  although  destitute  of  in- 
habitants. Every  part  of  the  character  of  God, 
by  which  he  is  rendered  amiable  and  adorable  in 
the  eyes  of  his  intelligent  offspring,  would  be 
obscured  and  distorted  were  we  for  a  moment  to 
harbor  such  a  sentiment.  P'or  wherein  does  the 
Divine  glory  consist?  It  chiefly  consists  in  the 
display  of  infinite  wisdom,  rectitude,  holiness, 
and  unbounded  beneficence;  and  where  such  at- 
tributes are  not  manifested  there  cannot  be  said  to 
be  a  display  of  Divine  glory.  But  such  attributes 
eould  never  be  traced  by  man,  or  by  any  other 
order  of  intelligences,  were  the  planetary  bodies 
and  the  other  orbs  of  heaven  a  scene  of  eternal 
Bilence,  solitude,  and  waste;  where  no  percipiinit 
being  existed  to  taste  the  goodness  or  to  adore  the 
perfections  of  its  Creator. 
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SECTION  II. 

Argument  IT.  There  is  a  general  similaritt 
among  all  the  bodies  of  the  Planetary  System,  lohicti 
tends  to  prove  that  they  are  intended  to  subserve  the 
same  ultimate  designs  in  the  arrangements  of  Ute 
Creator. 

In  the  elucidation  of  this  argument  it  will  ba 
requisite  that  a  variety  of  facts,  some  of  which 
have  been  noticed  in  the  preceding  pages,  should 
be  brought  under  review.  We  are  not  to  imagine 
that  the  planets,  considered  as  habitable  worlds, 
are  arranged  exactly  according  to  the  model  of 
our  terrestrial  habitation;  for  the  Creator  has  in- 
troduced an  infinite  variety  in  every  department 
of  His  works;  and  we  know  from  observation 
that  there  are  certain  arrangements  connected 
with  those  bodies  which  are  very  different  from 
those  which  are  found  in  connection  with  our 
globe.  But  in  all  worlds  destined  for  the  habita- 
tion of  intellectual  nature  we  should  expect  to 
find  some  general  analogy  or  resemblance  in  their 
prominent  features,  and  in  those  things  which 
appear  essential  to  the  enjoyment  of  such  beings. 
Were  we  to  attend  the  dissection  of  any  animal — 
a  dog,  for  example — and  perceive  the  heart,  the 
stomach,  the  liver,  the  lungs,  the  veins,  arteries, 
and  other  parts  essential  to  life  and  enjoyment, 
we  could  scarcely  doubt  that  the  same  organs, 
though  perhaps  somewhat  modified,  were  likewise 
to  be  found  in  a  cat,  a  bullock,  or  any  other  quad- 
ruped, and  that  they  served  the  same  purposes  in 
all  these  animals.  In  like  manner,  when  we  find 
on  our  globe  certain  parts  and  arrangements  es- 
sentially requisite  to  its  being  a  habitable  world, 
and  when  we  likewise  observe  similar  contrivan- 
ces connected  with  other  distant  globes,  we  have 
every  reason  to  conclude  that  they  are  intended 
to  subserve  similar  designs.  In  accordance  with 
this  principle,  I  shall  now  proceed  to  detail  a  few 
contrivances  and  arrangements  in  the  other  planets^ 
which  evidently  indicate  that  their  grand  and  ul- 
timate design  is  to  afford  enjoyment  to  sensitive 
and  intellectual  natures. 

1.  All  the  pZaneis,  both  primary  and  secondary, 
are  of  a  spherical  or  spheroidal  figure  similar  to 
that  of  the  earth.  I  have  already  shown  (p.  103) 
that  this  figure  is  the  most  capacious  and  the  best 
adapted  to  motion,  both  annual  and  diurnal,  and 
that  the  greatest  inconveniences  would  be  pro- 
duced were  any  world  constructed  of  an  angular 
figure.  The  only  deviation  from  this  figure  is  to 
be  found  in  the  rings  of  Saturn.  But  these  rings 
are  not  angular  bodies;  for  even  the  thin  exterior 
edge  of  the  rings  is  supposed,  from  some  minute 
observations,  to  be  curved;  and,  if  so,  it  prevents 
the  inconveniences  which  would  arise  from  an 
angular  construction.  The  flat  sides  of  the  rings, 
too,  appear  to  have  no  angular  elevations  or  pro- 
tuberances more  than  what  may  be  supposed  from 
a  gently-waving  surface  such  as  that  of  our  globe* 
and  although  they  are  not  globular  bodies,  they 
are  circular,  with  thin  edges,  and  are  thus  calcu- 
lated for  rapid  motion  along  with  the  planet;  and 
the  flat  sides,  having  no  angular  projections,  ap- 
pear perfectly  adapted  for  being  places  of  habita- 
tion, without  any  of  those  inconveniences  or 
catastrophes  which  might  ensue  had  they  appiox- 
imated  to  a  cubical,  prismatic,  or  pentagonal  form. 
The  rings,  in  short,  approximate  nearer  to  the 
globular  figure  and  its  conveniences  than  any 
other  construction  could  have  done,  and  show  us  - 
tljat,  although  the  Creator  proceeds  in  his  opera- 
tions on*  some  grand  general  principles,  yet  he  is  - 
not  limited  or  confined  to  one  particular  figure  or- 
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construction  in  arranging  the  celestial  worlds. 
The  planets,  then,  being  all  of  a  globular  or  cir- 
cular form,  appear  completely  adapted  for  being 
the  abodes  of  living  beings. 

2.  The  planets  are  solid  bodies  similar  to  the 
earth.  They  are  not  merely  a  congeries  of  clouds 
and  vapors  formed  into  a  globular  shape,  but  pos- 
sessed of  weight,  solidity,  or  gravity.  This  is 
evident  from  the  dark  and  well-defined  shadows 
which  they  throw  on  other  bodies,  and  from  the 
attractive  influence  they  exert  throughout  the 
system.  Their  figure  is  a  proof  that  they  possess 
such  qualities;  for  their  roundness  proceeds  from 
an  equal  pressure  of  all  their  parts  tending  toward 
the  same  center.  Nay,  astronomers,  by  the  aid 
of  observation  and  mathematical  calculations,  can 
tell  what  are  the  relative  gravities  or  weights  of 
the  different  planets;  what  proportion,  for  instance, 
the  gravitation  of  Jupiter  or  Saturn  bears  to  that 
of  our  earth,  and  what  influence  their  attractive 
power  produces  on  their  own  satellites,  on  the 
motion  of  comets,  and  on  the  smaller  and  inferior 
planets.  In  consequence  of  this  solidity  and  at- 
tractive power,  all  things  connected  with  their 
surfaces  are  preserved  in  security  and  prevented 
from  flying  off  to  the  distant  regions  of  space; 
for  it  is  this  power,  variously  modified  and  directed, 
that  preserves  the  material  universe,  and  all  the 
orders  of  beings  connected  with  if,  in  compact 
order  and  harmony,  without  the  influence  of 
which  all  things  in  heaven  and  earth  would  soon 
be  reduced  to  a  universal  chaos.  In  tliis  respect, 
then,  as  well  as  in  the  former,  the  planets  are  fit- 
ted for  the  support  of  intellectual  beings,  furnished 
with  material  organs. 

3.  All  the  planets  have  an  annual  revolution 
round  the  sun.  This  revolution,  in  the  case'  of 
the  earth,  combined  with  the  inclination  of  its 
axis  to  the  plane  of  its  orbit,  produces  the  variety 
of  seasons;  and  although  we  are  not  to  suppose 
that  all  the  planets  have  seasons  similar  to  ours, 
or  that  the  heats  of  summer  and  the  cold  of  winter 
are  experienced  in  other  worlds  (see  pp.  44,  45), 
yet  there  is  a  certain  variety  of  scene  produced 
by  this  revolution  in  all  the  planets,  particularly 
in  those  which  have  their  axes  of  rotation  inclined 
more  or  less  to  the  plane  of  their  orbits.  This 
variety  of  scene  will  be  particularly  experienced 
on  Saturn  and  on  the  surface  of  its  rings;  for  in 
the  course  of  one-half  of  the  annual  revolution 
the  sun  will  shine  on  certain  parts  of  these  bodies, 
and  during  the  other  half  they  will  be  deprived 
of  his  direct  influence.  The  annual  revolutions 
of  the  planets,  therefore,  appear  expedient,  in  or- 
der to  produce  an  agreeable  interchange  and  vari- 
ety of  scenes,  for  the  purpose  of  gratifying  their 
inhabitants.  The  periods  of  these  revolutions, 
too,  are  adjusted  with  the  utmost  exactness.  The 
planets  perform  their  circuits  without  deviating  in 
the  least  from  the  paths  prescribed,  and  finish 
their  revolutions  exactly  in  the  appointed  time,  so 
as  not  to  vary  the  space  of  a  minute  in  the  course 
of  centuries.  Now,  were  these  bodies  merely  ex- 
tensive regions  of  uncultivated  deserts,  or  were 
they  placed  in  the  vault  of  heaven  merely  that  a 
few  terrestrial  astronomers  might  peep  at  them 
occasionally  through  their  glasses,  it  is  not  at  all 
likely  that  so  mucli  care  and  accuracy  would  have 
been  displayed  in  marking  out  their  orbits  and 
adjusting  their  motions  and  revolutions. 

4.  The  planets  perform  a  (/ii/rnrtZ  rotation  round 
their  axes.  This  has  been  ascertained  in  reference 
to  Venus,  Mars,  Jupiter,  and  Saturn,  and  we  may 
justly  conclude,  from  analogy,  that  the  same  is 
the  case  in  respect  to  all  the  other  planets.  Wher- 
ever spots  have  been  discovered  ou  the  surface  of 


any  planet,  it  has  uniformly  been  found  to  have  a 
diurnal  rotation.  But  where  no  spots  or  prorai 
nences  have  been  observed,  it  is  obvious  that  no 
such  motion,  though  it  really  exist,  can  bo  de- 
tected. No  spots  have  been  observed  on  the 
planet  Mercury,  ou  account  of  its  smallness  and 
its  proximity  to  the  sun;  nor  on  the  planet  Ura- 
nus, on  account  of  its  very  great  distance  from 
the  earth;  but  there  can  be  no  doubt  whatever 
that  they  have  a  diurnal  motion  as  well  as  the 
other  planets.  By  this  motion  every  part  of  their 
surface  is  turned  in  succession  toward  the  sun, 
and  the  alternate  changes  of  day  and  night  are 
produced.  Were  no  such  motion  existing,  one- 
half  of  these  globes  would  be  entirely  uninhabit- 
able, for  the  enlivening  rays  of  the  sun  would 
never  cheer  its  desolate  regions,  and  the  other 
half  might  be  dazzled  or  pardied  with  heat  undor 
the  perpetual  effulgence  of  the  solar  beams.  Bo- 
side,  the  continuance  of  a  perpetual  day,  and  the 
illumination  of  the  sky  by  an  uninterrupted  efflux 
of  solar  light,  would  prevent  the  distant  regions 
of  creation  from  being  seen  and  contemplated,  so 
that  no  body,  except  the  sun  himself,  and  the 
planet  ou  which  the  spectator  stood,  would  be 
known  to  exist  in  the  universe.  But  it  appears  to 
have  been  the  intention  of  the  Creator  not  only 
to  cheer  the  planets  by  the  invigorating  influence 
of  the  sun,  but  likewise  to  open  to  the  view  of  their 
inhabitants  a  prospect  into  the  regions  of  distant 
worlds,  that  they  may  behold  a  display  of  his 
wisdom  and  omnipotence,  and  of  the  magnificence 
of  his  empire;  and  this  object  has  been  completely 
effected  in  every  part  of  the  system  by  impressing 
upon  the  planets  a  motion  of  rotation,  so  that 
there  is  no  body  vyithin  the  range  of  the  solar  in- 
fluence that  does  not,  at  one  period  or  another, 
enjoy  this  advantage. 

The  idea  of  night  among  the  celestial  bodies 
ought  not  to  be  associated  with  gloom,  and  dark- 
ness, and  deprivation  of  comforts.  In  our  world 
this  is  frequently  the  case.  A  cloudy  atmosphere, 
combined  with  the  fury  of  raging  winds,  hurri- 
canes, and  the  appal ing  thunder-storm,  frequently 
renders  our  nights  a  scene  of  gloom  and  terror 
especially  to  the  benighted  traveler  and  the  mari- 
ner in  the  midst  of  the  ocean.  But  such  gloomy 
and  terrific  scenes  would  never  have  taken  place 
had  our  globe  and  its  inhabitants  remained  in  that 
state  of  order  and  perfection  in  which  they  were 
originally  created;  and,  therefore,  we  are  to  con- 
sider such  physical  evils  as  connected  with  the 
moral  state  of  the  present  inhabitants  of  the  earth. 
But  even  here,  amid  the  gloom  and  darkness 
which  frequently  surround  us,  night  not  unfre- 
quently  opens  to  view  a  scene  of  incomparable 
splendor  and  magnificence;  a  scene  which,  were 
it  confined  to  one  quarter  of  the  globe,  millions 
of  spectators  would  be  eager  to  travel  thousands 
of  miles  in  order  to  behold  it.  In  a  clear  and 
serene  sky,  night  unfolds  to  us  the  firmament, 
bespangled  with  thousands  of  stars,  twinkling 
from  regions  immensely  distant,  and  the  planets 
revolving  in  their  different  circuits,  all  apparently 
moving  around  us  in  silent  grandeur.  When  the 
moon  appears  amid  the  host  of  stars,  the  scene  is 
diversified  and  enlivened.  Poets  and  philosophera 
in  all  ages  have  been  charmed  and  captivated  with 
the  mild  radiance  of  a  moonlight  scene,  v/hich 
partly  unvails  even  the  distant  landscape,  and 
throws  a  soft  luster  and  solemnity  both  on  earth 
and  sky  altogether  different  from  their  aspect 
under  the  meridian  sun.  But  we  have  already 
shown  (chapter  viii)  that  the  splendor  of  the 
heavens  during  night  in  some  of  the  other  planets 
is  far  more  magnificent  aud  diversified  than  what 
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Is  exhibited  in  our  firmament.  The  nocturnal 
ecenes  in  the  heavens  of  Jupiter,  Saturn,  Uranus, 
and  their  rings  and  satellites,  in  point  of  sublimity 
and  variety,  exceed  every  conceptiou  we  can  now 
form  of  celestial  grandeur  and  magnificence; 
and,  therefore,  it  is  highly  probable,  that  in  those 
regions  the  scenes  of  night  will  be  far  more  inter- 
esting and  sublime,  and  will  afford  objects  of  con- 
templation more  attractive  and  gratifying  than  all 
the  splendors  of  tiieir  noonday.  In  this  rotation 
of  the  planetary  orbs  tliere  is  a  striking  display 
both  of  wisdom  and  goodness,  in  causing  a  means 
BO  apparently  simple  to  be  productive  of  so  rich  a 
variety  of  sublime  and  beneficent  effects;  and  this 
circumstance  of  itself  affords  a  strong  presumptive 
evidence  that  every  globe  in  the  universe  which 
has  such  a  rotation  is  either  a  world  peopled  with 
inhabitants,  or  connected  with  a  system  of  habi- 
table worlds;  for,  without  such  a  motion,  the  one- 
half,  at  least,  of  every  globe  would  be  unfit  for 
the  residence  of  organized  intelligences.  It  is 
not  improbable  that  most,  if  not  all  the  globes  of 
the  universe  have  a  diurnal  rotation  impressed 
upon  them.  We  find  tliat  even  the  globe  of  tiie 
eun  has  a  motion  of  this  kind,  whicjl  it  performs 
in  the  course  of  twenty-five  days;  and  the  phe- 
nomena of  variable  stars  have  induced  some  astro- 
nomers to  conclude  that  their  alternate  increase 
and  diminution  of  luster  is  owing  to  a  motion  of 
rotation  around  their  axes. 

5.  All  tlie  planets  and  their  satellites  are  opaque 
bodies,  which  derive  their  luster  from  the  sun. 
That  Venus  and  Mercury  are  opaque  globes, 
which  have  no  light  in  themselves,  is  evident  from 
their  appearing  sometimes  with  a  gibbous  phase, 
and  at  otfier  times  like  a  crescent  or  a  half  moon; 
and  particularly  from  their  having  been  seen 
moving  across  the  disc  of  the  sun  like  round 
black  spots.  Mars  being  a  superior  planet,  can 
never  appear  like  a  crescent  or  a  half  moon;  but 
at  the  time  of  its  quadrature  with  the  sun  it 
assumes  a  gibbous  phase,  somewhat  approaching 
to  that  of  a  half  moon,  which  likewise  prove  that 
it  is  an  opaque  globe.  Jupiter  and  Saturn  must 
always  appear  round,  on  acccfunt  of  their  great 
distance  from  the  earth;  but  that  Jupiter  is  opaque 

-appears  from  the  dark  shadows  of  his  satellites 
moving  across  his  disc  when  they  interpose  be- 
tween him  and  the  sun;  and  that  Saturn  is  like- 
wise a  dark  body  of  itself  appears  from  the 
shadow  of  the  rings  upon  its  disc.  That  the 
moon  has  an  opaque  body  has  been  already  shown 
(p.88),  and  it  is  obvious  to  almost  every  ob- 
server; and  that  the  satellites  of  Jupiter  and 
Saturn  are  opaque  appears  from  their  eclipses, 
and  the  shadows  they  project  on  their  respective 
planets.  In  this  respect  both  the  primary  and 
the  secondary  planets  are  bodies  analogous  to  the 
earth,  which  is  likewise  opaque,  and  derives  its 
light  either  directly  from  the  sun  or  by  reflection 
from  the  moon,  except  the  feeble  rays  which  pro- 
ceed from  the  stars.  It  forms,  therefore,  a  pre- 
sumptive argument  that  all  these  bodies  have  a 
eimilar  destination;  for  we  cannot  conceive  any 
other  globe  so  well  fitted  for  the  habitation  of 
rational  beings  as  that  which  is  illuminated  by 
light  proceeding  from  another  body.  An  inherent 
splendor  on  the  surface  of  any  globe  would  dazzle 
the  eyes  with  its  brilliancy,  and  could  never  pro- 
duce such  a  beautiful  diversity  of  form,  shade, 
and  coloring  as  appears  on  the  landscapes  of  the 
earth,  by  means  of  the  reflections  of  the  solar 
rays.  And  therefore,  if  the  sun  be  inhabited,  it 
can  only  be  its  dark  central  nucleus,  and  not  the 
exterior  surface  of  its  luminous  atmosphere. 

6.  The  bodies  belonging  to  the  planetary  sys- 


tem are  all  connected  together  by  one  common  priu' 
cipleor  law,  namely,  the  law  of  gravitation.  They 
are  all  subject  to  the  attractive  influence  of  tha 
great  central  luminary;  they  revolve  around  it  in 
conformity  to  the  general  law,  that  the  squares 
of  their  periodical  times  are  proportional  to  the 
cubes  of  their  distances;  they  describe  equal  areas 
in  equal  times;  their  orbits  are  elliptical;  they 
are  acted  upon  by  centripetal  and  centrifugal 
forces;  and  they  all  produce  an  attractive  influ- 
ence on  each  other,  in  proportion  to  their  dis- 
tances and  the  quantity  of  matter  they  contain 
Being  thus  assimilated  and  combined  into  one 
harmonious  system,  the  presumption  is,  that, 
however  different  in  point  of  distance,  magnitude, 
and  den^ity,  they  are  all  intended  to  accomplish 
the  same  grand  and  beneficent  design,  namely,  to 
ser\'e  as  the  abodes  of  living  beings,  and  to  pro- 
mote the  enjoyment  of  intellectual  natures. 

Since  the  planets,  then,  are  all  similar  to  one 
another  in  their  spherical  or  spheroidal  figures; 
in  their  being  solid  and  opaque  globes;  in  their 
annual  and  diurnal  revolutions;  and  in  being  acted 
upon  by  the  same  laws  of  motion;  and  since  these 
circumstances  are  all  requisite  to  the  comfort  and 
enjoyment  of  living  beings,  it  is  a  natural  and 
reasonable  conclusion  that  their  ultimate  destina- 
tion is  the  same,  and  that  they  are  all  replenished 
with  inhabitants.  This  earth  on  which  we  dwell 
is  one  of  the  bodies  possessed  of  the  qualities  and 
arrangements  to  which  we  allude;  and  we  know 
that  its  chief  and  ultimate  design  is  to  support  a 
multitude  of  sensitive  and  intellectual  beings,  and 
to  afford  them  both  physical  and  mental  enjoy- 
ment. Had  not  this  been  its  principal  destination, 
we  are  assured,  on  the  authority  of  Divine  revela- 
tion, that  "it  would  have  been  created  in  vain." 
We  must  therefore  conclude  that  all  the  other 
globes  in  our  system  were  destined  to  a  similar 
end,  unless  we  can  suppose  it  to  be  consistent 
with  the  perfections  of  Deity  that  they  were  cre- 
ated for  no  purpose. 


SECTION    III. 

Argument  III.  In  the  bodies  tchich  constitute 
the  solar  system,  there  are  special  arrangements 
which  indicate  ^^eir  adaptation  to  the  enjoyments  of 
sensitive  and  intelligent  beings;  and  which  prove 
that  this  was  the  ultimate  design  of  their  creation. 

This  argument  is  somewhat  similar  to  the 
former;  but  it  may  be  considered  separately,  iu 
order  to  prevent  an  accumulation  of  too  many 
particulars  under  one  head. 

1.  The  surfaces  of  the  plains  are  diversified 
with  hills  and  valleys,  and  a  variety  of  mountain- 
scenery.  This  is  particularly  observable  in  the 
moon,  whose  surface  is  diversified  with  an  im- 
mense variety  of  elevations  and  depressions, 
though  in  a  form  and  arrangement  very  different 
from  ours  (see  pp.  88-91).  It  cannot  be  ascer- 
tained by  direct  observation  that  there  are  moun- 
tains on  the  surfaces  of  Jupiter,  Saturn,  or  Ura- 
nus, by  reason  of  their  great  distances  from  the 
earth.  But  that  they  are  rough  or  uneven  globes 
appears  from  their  reflecting  the  light  to  us  from 
every  part  of  their  surfaces,  and  from  the  spoU 
and  diOerences  of  shade  and  color  which  are 
sometimes  distinguishable  on  their  discs.  For  if 
the  surfaces  of  the  planets  were  perfectly  smooth 
and  polished,  they  could  not  reflect  the  light  in 
every  direction;  the  reflected  image  of  the  sun 
would  be  too  small  to  strike  our  eyes,  and  they 
would  consequently  be  ir.visibie.      (See  p.  88.) 
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Indications  of  mountains,  however,  have  been 
seen  on  some  of  the  other  planets,  particularly 
on  Venus.  Spots  have  been  observed  on  this 
planet  on  diiferent  occasions,  and  the  boundary 
between  its  dark  and  enlightened  hemisphere  has 
appeared  jagged  or  uneven,  a  clear  proof  that  its 
surface  is  diversified  with  mountains  and  vales. 
One  of  these  mountains  was  calculated  by  Schroe- 
ter  to  be  nearly  eleven,  and  another  twenty-two 
miles  in  perpendicular  elevation;  and  there  can 
be  but  little  doubt  that  such  inequalities  are  to  be 
found  on  the  surfaces  of  all  the  planets  and  their 
satellites,  although  they  are  not  distinctly  visible 
to  us  on  account  of  their  distance. 

The  existence  of  mountains  on  the  planets  is 
therefore  a  proof,  or,  at  least,  a  strong  presump- 
tive evidence,  that  they  are  habitable  worlds;  for 
a  perfectly  smooth  globe  could  present  no  great 
variety  of  objects  or  picturesque  scenery,  such  as 
we  behold  in  our  world,  and  would  doubtless  be 
attended  with  many  inconveniences.  The  view 
froin  any  point  of  such  a  globe  would  be  dull  and 
monotonous,  like  the  expanse  of  the  ocean,  or 
like  the  deserts  of  Zahara  or  Arabia.  It  is  the 
beautiful  variety  of  hills  and  dales,  mountains  and 
plains,  and  their  diversity  of  shadows  and  aspects, 
that  render  the  landscapes  of  the  earth  interesting 
and  delightful  to  the  painter,  the  poet,  the  man  of 
taste  and  the  traveler.  Who  would  ever  desire  to 
visit  distant  countries,  or  even  distant  worlds,  if 
they  consisted  merely  of  level  plains,  without  any 
variety,  of  several  thousands  of  miles  in  extent? 
The  mountains  add  both  to  the  sublimity  and  the 
beauty  of  the  surface  of  our  globe;  and  from  the 
summits  of  lofty  ranges  the  most  enchanting 
prospects  are  frequently  enjoyed  of  the  rivers  and 
lakes,  the  hills  and  vales,  which  diversify  the 
plains  below.  But  beside  the  beauty  and  variety 
which  the  diversity  of  surface  produces,  moun- 
tains are  of  essential  use  in  the  economy  of  our 
globe.  They  alTord  many  of  the  most  delightful 
and  salubrious  places  for  the  habitations  of  man; 
tliey  arrest  the  progress  of  stormy  winds;  they 
serve  for  the  nourishment  of  animals,  and  the 
production  of  an  infinite  variety  of  herbs  and 
trees;  they  are  the  depositories  of  stones,  metals, 
minerals,  and  fossils  of  every  description,  so  ne- 
cessary for  the  use  of  man;  and  they  are  the  por- 
tions of  the  globe  where  fountains  have  their  rise, 
and  whence  rivers  are  conveyed  to  enliven  and 
fertilize  the  plains.  For,  if  the  earth  were  divested 
of  its  mountains,  and  every  part  of  its  surface  a 
dead  level,  there  could  be  no  running  streams  or 
conveyance  for  the  waters,  and  they  would  either 
stagnate  in  large  masses  or  overflow  immense 
tracts  of  land.  Hence  it  has  been  arranged  by 
the  wisdom  of  Providence  that  mountains  should 
exist  over  all  our  globe,  and  that  every  country 
should  enjoy  the  numerous  benefits  which  such 
an  arrangement  is  fitted  to  produce. 

As  mountains,  then,  are  part  of  the  arrange- 
ments of  other  globes  in  the  solar  system,  and  as 
they  are  essentially  requisite  in  such  a  world  as 
ours,  they  may  serve  similar  and  even  more  im- 
portant purposes  in  other  worlds.  In  some  of  the 
planets  they  appear  to  be  more  elevated  and  of 
greater  dimensions  than  on  the  earth.  Although 
the  moon  is  much  less  in  size  than  our  globe,  yet 
some  of  its  mountains  are  reckoned  to  be  five 
miles  in  perpendicular  hight.  Some  of  the  moun- 
tains on  Venus  are  estimated  to  be  four  times 
higher  than  even  this  elevation.  We  may  easily 
conceive  what  an  extensive  and  magnificent  pros- 
pect would  be  presented  from  the  top  of  such 
8ublime  elevations,  and  what  a  diversity  of  objects 
would  be  presented  to  the  eye  from  one  point  of 


view.  Nor  need  we  imagine  there  will  be  any 
great  difficulty  in  ascending  such  lofty  eminences; 
for  the  inhabitants  of  such  worlds  may  be  fur- 
nished with  bodies  different  from  those  of  the 
human  race,  and  endowed  with  locomotive  powers 
far  superior  to  ours.  If,  therefore,  the  planets 
were  found  to  be  perfectly  smooth  globes,  without 
any  elevations  or  depressions,  we  sliould  lose  one 
argument  in  support  of  their  being  designed  for 
the  abodes  of  rational  beings;  but  having  tha 
characteristic  now  stated,  when  taken  into  consid- 
eration with  other  arguments,  it  corroborates  the 
idea  of  their  being  habitable  worlds. 

2.  The  planets,  in  all  probability,  are  environed 
with  atmospheres.  It  appears  pretty  certain  that 
the  moon  is  surrounded  with  such  an  appendage 
(see  pp.  93,  94).  The  planet  Mars  is  admitted 
by  all  astronomers  to  be  environed  with  a  pretty 
dense  atmosphere,  which  is  the  cause  of  its  ruddy 
appearance  (see  pp.  49,  50  );  and  indications  of  an 
atmosphere  have  been  observed  on  Venus  and 
some  of  the  other  planets.  To  our  world  an  at- 
mosphere is  a  most  essential  appendage.  Without. 
its  agency  our  globe  would  be  unfit  for  being  the 
residence  of  living  beings  constituted  as  they  now 
are;  and  were  it  detached  from  the  earth,  aJl  the 
orders  of  animated  nature,  and  even  the  vegetable 
tribes  would  soon  cease  to  exist.  Atmospheres 
somewhat  analogous  to  ours  may  likewise  be  ne- 
cessary in  other  worlds.  But  we  have  no  reason 
to  conclude  that  they  are  exactly  similar  to  ours. 
While  our  atmosphere  consists  of  a  compound  of 
several  gaseous  substances,  theirs  may  be  formed 
of  a  pure  homogeneous  ethereal  fluid,  possessed 
of  very  different  properties.  While  ours  is  im- 
pregnated with  dense  vapors,  and  interspersed  with 
numerous  strata  of  thick  clouds,  the  atmosphere 
of  some  of  the  other  planets  may  be  free  of  every 
heterogeneous  substance,  and  perfectly  pure  and 
transparent.  Their  reflective  and  refractive  pow- 
ers, and  other  qualities,  may  likewise  be  ditFerent 
from  those  of  the  atmosphere  which  surrounds 
the  earth.  Hence  the  folly  of  denying  the  exist- 
ence of  an  atmosphere  around  the  moon  or  any 
other  planet,  because  a  fixed  star  or  any  other  orb  is 
not  rendered  d'liA  6r  distorted  when  it  approaches 
its  margin.  For  if  its  atmosphere  be  either  of 
small  dimensions,  or  perfectly  pure  and  trans- 
parent, or  of  a  different  refractive  power  from 
ours,  such  a  phenomenon  cannot  be  expected. 
We  have  no  more  reason  to  expect  that  the  at- 
mospheres of  other  planets  should  be  similar  to 
ours,  than  that  these  bodies  should  be  of  the  same 
size,  have  the  same  diversity  of  objects  on  their 
surface,  or  be  accompanied  with  the  same  number 
of  moons. 

It  is  not  likely  that  our  atmosphere  is  precisely 
in  the  same  state  as  at  the  first  creation.  Its  in- 
vigorating powers  had  then  an  influence  sufficient 
to  prolong  human  existence  to  a  period  of  a  thou- 
sand years;  but,  since  the  change  it  underwent  at 
the  deluge,  the  period  of  human  life  has  dwindled 
down  to  little  more  than  "threescore  years  and 
ten."  The  present  constitution  of  our  atmosphere, 
therefore,  ought  not  to  be  considered  as  a  model 
by  which  to  judge  of  the  nature  and  properties  of 
the  atmospheres  of  other  worlds.  Their  at.mo- 
spheres  may  be  so  pure  and  transparent  as  to  en- 
able their  inhabitants  to  penetrate  much  farther 
into  space  than  we  can  do,  and  to  present  to  them 
the  heavenly  bodies  with  more  brilliancy  and  lus- 
ter; and  the  properties  with  which  they  are  en- 
dowed may  bo  fitted  to  preserve  their  corporeal 
organs  in  undecaying  vigor,  and  to  raise  their 
spirits  to  the  highest  pitch  of  ecstasj',  similar  to 
some   of  the  effects  produced   on  our  frame  by 
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inhaliiig  that  gaseous  fluid  called  the  nitrous 
oxide.  There  is  only  one  planet  whose  atmosphere 
appears  to  partake  of  the  impurity  and  density  of 
that  of  the  earth,  and  that  is  the  planet  Mars;  and 
several  other  circumstances  tend  to  show  that  it 
bears  too  near  a  resemblance  to  our  globe.  In 
this  respect,  then,  it  gives  indication  of  being  a 
habitable  world;  but  several  of  the  other  planets 
may  be  abodes  of  greater  happiness  and  splen- 
dor, altiiough  no  traces  of  such  an  appendage  can 
be  distinguished  by  our  telescopes.  And  this  very 
circumstance,  that  their  atmospheres  are  invisible, 
should  lead  us  to  conclude  that  they  are  purer  and 
more  transparent  than  ours,  and  that  the  moral 
and  physical  condition  of  their  inhabitants  is  pro- 
bably superior  to  what  is  enjoyed  upon  earth. 

3.  There  is  provision  made  for  the  distribution 
of  light,  and  heat,  and  color  among  all  the  planets 
and  their  satellites.  On  every  one  of  these  bodies 
the  sun  diffuses  a  radiance,  and,  in  order  that  no 
portion  of  their  surfaces  may  be  deprived  of  this 
influence,  they  appear  all  to  have  a  motion  round 
their  axes.  Light  is  an  essential  requisite  to  every 
world,  and  color  is  almost  equally  indispensable. 
Without  color  we  should  be  unable  to  perceive 
the  forms,  proportions,  and  aspects  of  the  objects 
which  surround  us;  we  could  not  distinguish  one 
object  from  another;  all  the  beauties,  varieties, 
and  sublimities  of  nature  would  be  annihilated, 
and  we  should  remain  destitute  of  the  noblest  en- 
tertainments of  vision.  It  is  color  which  enlivens 
every  scene  of  nature,  which  adds  a  charm  to 
every  landscape,  and  gives  an  air  of  beauty  and 
magnificence  to  the  spacious  vault  of  heaven. 
Now  color  exists  in  the  solar  rays,  without  which, 
or  some  similar  radiance,  every  object  is  either  in- 
visible or  wears  a  uniform  aspect.  On  whatever 
object  these  rays  fall,  color  is  produced;  they  have 
the  same  properties  in  every  part  of  the  system  as 
on  our  globe,  and,  therefore,  must  produce  colors 
of  various  hues  on  the  objects  connected  with  the 
remotest  planets,  according  to  the  nature  of  the 
substances  on  which  they  fall.  Light  and  color, 
then,  being  essential  to  every  globe  intended  for 
the  habitation  of  living  beings,  abundant  provision 
has  been  made  for  diffusing  their  benign  influence 
through  every  part  of  the  planetary  system.  Heat 
is  likewise  an  agent  which  appears  necessary  to 
every  world,  and  it  is,  doubtless,  distributed  in 
due  proportions  throughout  the  system,  according 
to  the  nature  of  the  substances  of  which  the  plan- 
ets are  composed,  and  the  constitution  of  their 
inhabitants.  But  light,  and  color,  and  heat  are 
agencies  which  can  only  have  an  ultimate  respect 
to  sensitive  and  intellectual  beings;  and,  therefore, 
where  no  such  beings  exist  or  are  intended  to 
exist,  no  such  provision  would  be  made  by  a  wise 
and  intelligent  agent.  Such  care  as  appears  to 
have  been  taken  for  the  communication  of  the 
agencies  of  light,  heat,  and  color,  would  never 
have  been  exercised  for  the  sake  of  rocks  and 
deserts,  and  scenes  of  sterility  and  desolation. 
The  existence  of  light,  with  all  the  enchanting 
effects  it  produces,  necessarily  supposes  the  exist- 
ence of  eyes,  in  order  to  enjoy  its  beneficial  influ- 
ence; and,  therefore,  organized  beings,  endowed 
with  visual  organs,  must  exist  in  all  those  regions 
where  contrivances  have  been  adapted  for  its  re- 
gular and  universal  diffusion;  otherwise  the  uni- 
verse might  have  remained  a  scene  of  eternal 
darkness. 

4.  The  principal  primary  planets  are  provided 
with  secondary  planets  or  moons,  to  afford  them 
light  in  the  absence  of  the  sun,  as  well  as  to  ac- 
complish other  important  purposes.  The  three 
largest  planets  of  the  system  are  accommodated 


with  no  fewer  than  seventeen  of  those  nocturnal 
luminaries,  and  probably  with  several  more  which 
lie  beyond  the  reach  of  our  telescopes.  Our  earth 
has  one;  and  it  is  not  improbable  that  both  Mars 
and  Venus  are  attended  by  at  least  one  satellite. 
These  attendants  appear  to  increase  in  number  in 
proportion  to  the  distance  of  the  primary  planet 
from  the  sun.  Jupiter  has  four  such  attendants; 
Saturn,  seven;  six  have  been  discovered  around 
Uranus;  but  the  great  difficulty  of  perceiving 
them,  at  the  immense  distance  at  which  we  are 
placed,  leads  to  the  almost  certain  conclusion  that 
several  more  exist  which  have  not  yet  been  de- 
tected. While  these  satellites  revolve  round  their 
respective  planets,  and  diffuse  a  mild  radiance  on 
their  surfaces  in  the- absence  of  the  sun,  they  also 
serve  the  same  purposes  to  one  another;  and  their 
primaries,  at  the  same  time,  serve  the  purpose  of 
large  resplendent  moons  to  every  one  of  their 
satellites,  beside  presenting  a  diversified  and  mag- 
nificent scene  in  their  nocturnal  sky.  No  satellite 
has  yet  been  discovered  attending  the  planet  Mer- 
cury, nor  is  it  probable  that  any  such  body  exists. 
But  we  have  already  shown  (pp.  114,  115)  that 
Venus  and  the  earth  serve  the  purposes  of  satel- 
lites to  this  planet,  Venus  sometimes  appearing 
six  times  as  large,  and  the  earth  two  or  three 
times  as  large  as  Venus  does  to  us  at  the  period 
of  its  greatest  brilliancy ;  so  that  the  nights  of 
Mercury  are  cheered  with  a  considerable  degree 
of  illumination.  Here,  then,  we  perceive  an 
evident  design  in  such  arrangements,  which  can 
have  Jio  other  ultimate  object  in  view  than  the 
comfort  and  gratification  of  intelligent  beings. 
For  a  retinue  of  moons,  revolving  around  their 
primary  planets  at  regular  distances  and  in  fixed 
periods  of  time,  would  serve  no  useful  purpose  in 
throwing  a  faint  light  on  immense  deserts,  where 
no  sensitive  beings,  furnished  with  visual  organs, 
were  placed  to  enjoy  its  benefits;  nor,  if  this  wera 
the  case,  is  it  supposable  that  so  much  skill  and 
accuracy  would  have  been  displayed  in  arranging 
their  distances  and  their  periodical  revolutions, 
which  is  accomplished  with  all  the  accuracy  and 
precision  which  are  displayed  in  the  other  depart- 
ments of  the  system  of  nature. 

The  small  density  of  the  larger  and  more  re- 
mote planets,  and  the  diminution  of  the  weight  of 
bodies  on  their  surfaces  on  this  account,  and  by 
their  rapid  rotation  on  their  axes,  appear  to  be  in- 
stances of  design  which  have  a  respect  to  sentient 
beings.  The  dtjnsity  of  Jupiter  is  little  mora 
than  that  of  water,  and  that  of  Saturn  about  the 
density  of  cork.  Were  these  planets  as  dense  as 
the  planet  Mercury,  or  had  they  even  the  density 
of  the  earth,  organized  beings  like  man  would  be 
unable  to  traverse  their  surfaces.  If  the  density 
of  Jupiter,  for  example,' were  as  great  as  that  of 
the  earth,  the  weight  of  bodies  on  its  surface 
would  be  eleven  times  greater  than  with  us  ;  so 
that  a  man  weighing  160  pounds  on  the  earth 
would  be  pressed  down  on  the  surface  of  Jupiter 
with  a  force  equal  to  one  thousand  seven  hundred 
and  sixty  pounds.  But  the  gravity  of  bodies  on 
the  surface  of  this  planet  is  only  about  twice  as 
great  as*on  the  surface  of  the  earth;  and  this 
gravitating  power  is  diminished  by  its  rapid  rotation 
on  its  axis.  For  the  centrifugal  force  which  di- 
minishes the  weight  of  bodies  is  sixty-six  times 
greater  on  Jupiter  than  on  the  earth,  and  will  re- 
lieve the  inhabitants  of  one-eighth  part  of  their 
weight,  which  they  would  otherwise  feel  if  thera 
were  no  rotation  ;  so  that  a  body  weighing  128 
pounds  if  the  planet  stood  still,  would  we.gh  only 
112  pounds  at  its  present  rate  of  rotation,  which 
will  afford  a  sensible  relief  and  diminution  of 
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weight  Csoe  p.  59,  Art.  Jupiter).  The  same  may 
be  said,  with  some  slight  modifications,  iii  relation 
to  Saturn.  Tliere  must,  therefore,  have  been  a 
design,  or  a  wise  and  prospective  contrivance  in 
such  arrangements,  to  suit  the  e>-  gencies  and  to 
promote  the  comfort  of  orga'  .zed  intelligences; 
otherwise,  had  Jupiter  and  S'  ..urn  been  as  much 
denser  than  the  earth  as  they  are  lighter,  every 
body  would  have  been  riveted  to  their  surfaces 
with  a  force  which  beings  like  man  could  never 
have  overcome;  and  moving  beings  with  such  or- 
ganical  parts  as  those  of  men  would  have  had  to 
drag  along  with  them-  a  weight  of  eight  or  ten 
thousand  pounds. 


In  the  preceding  statements  I  have  endeavored 
to  show  that  there  is  a  general  similarity  among 
all  the  bodies  of  the  planetary  system,  and  that 
there  are  special  arrangements  which  indicate  their 
adaptation  to  the  enjoyment  of  sensitive  and  iutel- 
lectaal  beings.  Let  us  now  consider  more  parti- 
cularly the  force  of  the  argument  derived  from 
such  considerations  : 

That  the  Divine  Being  has  an  end  in  view  in 
all  his  arrangements,  and  that  this  end  is  in  com- 
plete correspondence  with  his  infinite  wisdom  and 
goodness,  and  the  other  perfections  of  his  nature, 
is  a  position  which  every  rational  Theist  will  rea- 
dily admit.  That  some  of  the  prominent  designs 
or  general  ends  which  the  Deity  intended  to  ac- 
complish may  be  traced  in  various  departments  of 
his  works,  is  likewise  a  position  which  few  or 
none  will  deny.  That  design  may  be  inferred 
from  its  effects,  is  a  principle  which  mankind 
generally  recognize  in  their  investigations  of  the 
operations  both  of  nature  and  of  art.  That  man 
would  jusily  be  accused  of  insanity  who,  after 
inspecting  the  machinery  of  a  well-constructed 
clock,  and  perceiving  that  it  answered  the  pur- 
pose of  pointing  out  the  divisions  of  time  by 
hours,  minutes,  and  seconds  with  the  utmost  ac- 
curacy, should  deny  that  its  various  parts  were 
formed  and  arranged  for  the  very  purpose  which 
the  machine  so  exactly  fulfills;  at  least,  that  the 
pointing  out  of  the  hours  and  minutes  was  one 
of  the  main  and  leading  objects  which  the  artist 
had  in  view  in  its  construction.  It  is  a  law  of  our 
nature  which  we  cannot  resist,  that  from  the  ef- 
fect the  design  may  be  inferred;  and  that,  wher- 
ever art  or  contrivance  appears  exactly  adapted  to 
accomplish  a  certain  end,  that  end  was  intended  to 
be  accomplished.  We  cannot  doubt  for  a  moment 
of  the  final  causes  of  a  variety  of  objects  and  con- 
trivances which  present  themselves  to  view  in  the 
world  we  inhabit.  We  cannot  err  in  concluding, 
for  example,  that  the  ears,  legs,  and  wings  of  ani- 
mals were  made  for  the  purpose  of  hearing,  walk- 
ing, and  flying.  On  the  same  principle  we  are 
led  to  conclude,  that  as  animals  are  formed  with 
mouths,  teeth,  and  stomachs  to  masticate  and  di- 
gest their  food,  so  vegetables  and  other  organized 
bodies  were  formed  for  the  purpose  of  affording 
that  nourishment  which  the  animal  requires.  No 
one  will  take  upon  him  to  deny  that  thg  eye  was 
intended  for  the  purpose  of  vision.  Tiie  coats 
and  humors  of  which  it  is  composed,  and  the  mus- 
cles which  move  it  in  every  direction,  in  their 
size,  shape,  connection,  and  positions,  are  so  ad- 
mirably adapted  to  this  end,  and  the  transparency 
of  the  cornea,  and  the  humors,  the  opacity  of  the 
uvea,  and  the  semi-opacity  and  concavity  of  the 
retina,  are  so  necessary  to  transmit  and  refract  the 
-ays  of  light  in  order  to  distinct  vision,  that  it 
appears  as  evident   it   was   designed  for  this  pur- 


pose, as  that  telescopes  were  constructed  to  disco- 
ver the  colors,  shapes,  and  motions  of  distant  ob- 
jects. And  as  the  eye  was  constructed  of  a  num- 
ber of  nice  and  delicate  parts  for  the  purpose  of 
vision,  so  light  was  formed  for  the  purpose  of 
acting  upon  it  and  producing  the  intended  effect, 
without  the  agency  of  which  vision  could  not  be 
produced.  The  one  is  exactly  adapted  to  the  other; 
for  no  other  substance  but  light  can  aflect  the 
eye  so  as  to  produce  vision,  and  no  other  organ 
of  sensation  is  susceptible  of  the  impressions  of 
light,  so  as  to  convey  a  perception  of  any  visible 
object.  In  all  such  cases,  the  adaptation  of  on« 
contrivance  to  another,  and  the  intention  of  the 
Contriver,  are  quite  apparent. 

It  is  true,  indeed,  that  we  cannot  pretend  to  ex- 
plore all  the  ends  or  designs  which  God  may  have 
had  in  view  in  the  formation  of  any  one  object  or 
department  of  the  univcr.se.  For  an  eternal  and 
omniscient  Being,  whose  wisdom  is  unsearchable, 
and  whose  eye  penetrates  through  all  the  regions 
of  immensity,  may  have  subordinate  designs  to 
accomplish,  which  surpass  the  limited  faculties  of 
man,  or  even  of  angels,  to  comprehend.  But  to 
investigate  and  to  perceive  some  of  the  main  and 
leading  ends  which  wer^  designed  in  the  arrange- 
ment of  certain  parts  of  the  universe,  is  so  far 
from  being  presumptuous  and  unattainable,  that  it 
would  be  blindness  and  folly  in  a  rational  creature 
not  to  discover  them;  particularly  in  such  in- 
stances as  tliose  to  which  we  have  now  alluded- 
For  it  appears  to  be  the  intention  of  the  Deity,  iu 
displaying  his  works  to  intelligent  minds,  that 
these  works  shall  exhibit  a  manifestation  of  his 
attributes,  and  particularly  of  his  wisdom,  good- 
ness, and  intelligence;  and  he  has  endowed  them 
with  faculties  adequate  to  enable  them  to  perceive 
some  traces  of  his  footsteps  and  of  the  plan  of  his 
operations.  But  while  he  permits  us  to  perceive 
some  of  the  grand  lineaments  of  his  designs,  there 
may  be  numberless  minute  and  subordinate  ends 
which  lie  beyond  the  sphere  of  our  investigations. 
Were  a  peasant  brought  into  the  observatory  of 
an  astronomer,  and  shown  an  instrument  calcula- 
ted to  point  out  the  sun's  place  in  the  ecliptic,  its 
declination  and  right  ascension,  the  day  of  the 
month,  &-C.,  and  particularly  the  hour  of  the  day, 
it  would  be  presumptuous  in  such  a  person  to 
pretend  to  ascertain  all  the  intentions  of  the  ar- 
tist, or  all  the  uses  for  which  such  a  machine  was 
constructed;  but  when  he  beheld  the  ordinary 
marks  of  a  sun-dial,  and  the  shadow  of  the  gno- 
mon accurately  pointing  to  the  hour,  he  could  not 
fail  at  once  to  perceive  that  this  was  one  principal 
end  which  the  contriver  had  in  view.  In  like 
manner,  while  we  evidently  perceive  that  one 
principal  design  of  the  creation  of  the  sun  was 
to  enlighten  the  earth  and  other  bodies  which 
move  around  it,  it  also  serves  several  subordinate 
purposes.  It  directs  the  course  of  winds,  pro- 
motes evaporation  and  the  growth  of  vegetables; 
it  retains  the  planets  in  their  orbits;  it  kindles 
combustible  substances  by  means  of  convex 
glasses  and  concave  mirrors ;  it  enables  us  to 
measure  time  by  means  of  dials;  it  directs  the 
geographer  to  determine  the  elevation  of  the 
pole  and  the  latitude  of  places;  it  guides  the  navi- 
gator in  his  course  through  the  ocean,  and  even 
its  eclipses  serve  many  useful  purposes,  both  in 
chronology  and  astronomy;  and  it  may  serve  simi- 
lar or  very  different  purposes  with  which  we  are 
unacquainted,  among  the  inhabitants  of  other 
worlds.  All  these  purposes,  and  many  more  of 
which  we  are  ignorant,  may  have  entered  into  the 
designs  of  the  almighty  Creator,  although,  iu  the 
first  instance,  we  might  have  been  unable  to  discover 
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or  appreciate  them.  As  "the  works  of  the  Lord 
are  great,"  so  they  must  "be  souglit  out,"  or  dili- 
gently investigated,  in  order  that  we  may  clearly 
perceive  the  manifold  designs  of  infinite  wisdom. 

Let  us  now  apply  these  principles  to  the  sub- 
ject more  immediately  before  us.  We  have  seen 
that,  in  the  distant  bodies  of  our  system,  there  are 
special  contrivances  and  arrangements,  all  calcu- 
lated to  promote  the  enjoyment  of  myriads  of  in- 
telligent agents.  We  have  presented  before  us  a 
most  august  and  astonishing  assemblage  of  means; 
and  if  the  Contriver  of  the  universe  is  possessed 
of  wisdom,  there  nmst  be  an  end  proportionate  to 
the  utility  and  grandeur  of  the  means  provided. 
Arrangements  nearly  similar,  but  much  inferior 
in  point  of  extent  and  magnificence,  have  been 
made  in  relation  to  the  globe  on  which  we  live. 
We  know  the  final  cause,  or,  at  least,  one  of  the 
principal  designs  for  which  it  was  created,  namely, 
to  support  sensitive  and  intellectual  beings,  and  to 
contribute  to  their  enjoyment.  If,  then,  the  Cre- 
ator acts  on  the  same  principle — in  other  words, 
if  he  displays  the  same  intelligence — in  other  re- 
gions of  the  universe  as  he  does  in  our  world,  we 
must  admit  that  the  planetary  globes  are  furnished 
with  rational  inhabitants.  I'here  is  one  essential 
attribute  which  enters  into  all  our  conceptions  of 
the  Divine  Being,  namely,  that  he  is  possessed  of 
infinite  imsdom.  This  perfection  of  his  nature  is 
displayed  in  all  the  general  arrangements  he  has 
made  in  this  lower  world,  where  we  find  one  part 
nicely  adapted  to  another,  and  everything  so 
balanced  and  arranged  as  to  promote  the  comfort 
of  sentient  beings.  In  consequence  of  His  being 
possessed  of  this  perfection,  He  must  be  considered, 
m  all  His  ojjerations  throughout  the  immensity 
©f  space,  as  proportionating  the  means  to  the  end, 
and  selecting  the  best  means  possible  for  the  ac- 
complishment of  any  design;  for  in  such  contri- 
vances and  operations  true  wisdom  consists. 

But  now  let  us  suppose  for  a  moment  that  the 
vast  regions  on  the  surfaces  of  the  planets  are 
only  immense  and  frightful  deserts,  devoid  of  in- 
habitants; wherein  does  the  wisdom  of  the  Creator 
appear  on  this  supposition?  For  what  purpose 
serves  the  grand  apparatus  of  rings  and  moons 
for  adorni  ng  their  sky  and  reflecting  light  on  their 
hemispheres?  Why  are  they  made  to  perform 
annual  and  diurnal  revolutions,  and  not  fixed  in 
the  same  points  of  infinite  space?  Why  are  the 
larger  and  remoter  planets  furnished  with  more 
moons  than  those  which  are  nearer  the  source  of 
light?  Why  are  their  firmaments  diversified  with 
80  many  splendid  and  magnificent  objects?  Why 
is  their  surface  arranged  into  mountains  and  vales? 
Why  has  so  much  contrivance  been  displayed  in 
devising  means  for  the  illumination  of  every  por- 
tion of  their  surfaces,  and  diffusing  over  them  a 
variety  of  colors?  The  answers  to  such  questions 
would,  then,  be,  to  illuminate  an  immense  number 
of  dreary  wastes,  and  to  produce  days  and  nights, 
and  a  variety  of  seasons,  for  the  sole  benefit  of  in- 
terminable deserts,  or,  at  most,  of  mountains  of 
marble  or  rocks  of  diamonds;  to  afford  them  light 
enough  to  see  to  keep  their  orbits,  lest  they  might 
miss  their  way  in  the  pathless  spaces  through  which 
tliey  move!  Is  such  an  apparatus  requisite  for 
Buch  a  purpose?  Wotild  this  be  an  end  imrthij  of 
INFINITE  WISDOM?  Would  it  at  all  correspond  with 
the  dignity  and  grandeur  of  the  means  employed? 
Would  it  comport  with  the  boundless  intelligence 
of  Him  "  who  formed  the  earth  by  his  wisJom, 
and  stretched  out  the  heavens  by  His  understand- 
incf?"  To  maintain  such  a  position  would  be  to 
distort  the  Divine  character,  and  to  undermine  all 
the  conceptions  we  ought  to  form  of  the  Deity, 


as  wise,  amiable,  and  adorable,  and  as  "  great  in 
counsel  and  mighty  in  operation."  If  we  belield 
an  artist  exerting  his  whole  energies,  and  spend- 
ing his  whole  life  In  constructing  a  large  complex 
machine  which  produced  merely  a  successive  re- 
volution of  wheels  and  pinions,  without  any  use- 
ful end  whatever  in  view,  however  much  we  might 
extol  the  ingenuity  displayed  in  some  parts  of  tho 
machine,  we  could  not  help  viewing  him  as*a  fool 
or  a  maniac  in  bestowing  so  much  labor  and  ex- 
pense to  no  purpose.  For  it  is  the  end  or  design 
intended  which  leads  us  to  infer  the  wisdom  of  the 
artist  In  the  means  employed.  And  shall  we  con- 
sider the  ALL-WISE   AND  ADORABLE  CREATOR  OF  THE 

UNIVERSE  as  acting  in  a  similar  manner  ?  The 
thought  would  be  impious,  blasphemous,  and  ab- 
surd. It  is  only  when  we  recognize  the  Almighty 
as  displaying  infinite  wisdom  in  all  his  arrange- 
ments throughout  creation,  and  boundless  benefi- 
cence in  diff'using  happiness  among  countless  ranks 
of  intelligent  existence,  that  we  perceive  him  to 
be  worthy  of  our  admiration  and  gratitude,  and 
of  our  highest  praises  and  adorations.  We  are, 
therefore,  irresistibly  led  to  the  conclusion,  that 
the  planets  are  the  abodes  of  intelligent  beings, 
since  everj'  requisite  arrangement  has  been  made 
for  their  enjoyment.  This  is  a  conclusion  which 
is  not  merely  probable,  but  absolutely  certain;  for 
the  opposite  opinion  would  rob  the  Deity  of  the 
most  distinguishing  attribute  of  his  nature,  by 
virtually  denying  him  the  perfection  of  lufiuitd 
wisdom  and  iutelliffence. 


SECTION   IV. 

Argument  IV.  The  scenery  of  the  heavens  as 
viewed  from  the  surfaces  of  the  larger  planets 
and  their  satellites,  forms  a  presumptive  proof  that 
both  the  planets  and  their  moons  are  inhabited  by 
intellectual  beings. 

In  the  preceding  chapter  I  have  described  at 
some  length  the  celestial  phenomena  of  the  pla- 
nets, both  primary  and  secondary.  From  these 
descriptions  It  appears  that  the  most  glorious  and 
magnificent  scenes  are  displayed  In  the  firmament 
of  the  remoter  planets,  and  particularly  in  those 
of  their  satellites.  Even  the  firmament  of  the 
moon  is  more  striking  and  sublime  than  ours. 
But  in  the  firmaments  of  some  of  the  satellites 
of  Jupiter  and  Saturn  there  are  celestial  scenes 
peculiarly  grand  and  splendid,  surpassing  every- 
thing which  the  imagination  can  well  represent, 
and  these  scenes  diversified  almost  every  hour. 
What  should  we  think  of  a  globe  appearing  in 
our  nocturnal  sky  1300  times  larger  than  the  ap- 
parent size  of  the  moon,  and  every  hour  assuming 
a  diflT?.rent  aspect?  of  five  or  six  bodies  twenty  or 
thirty  times  larger  than  our  moon  appears,  all  in 
rapid  motion,  and  continually  changing  their  pha- 
ses and  their  apparent  magnitudes?  What  should 
we  think  of  a  globe  filling  the  twentieth  part  of 
the  sky,  and  surrounded  with  Immense  rings,  in 
rapid  motion,  diffusing  a  radiance  over  the  whole 
heavens?  When  Jupiter  rises  to  his  satellites, 
and  especially  when  Saturn  and  his  rings  rise  to 
his  nearest  moons,  a  whole  quarter  of  the  heavens 
will  appear  in  one  blaze  of  light.  At  other  times, 
when  the  sun  is  eclipsed,  or  when  the  dark  sides 
of  these  globes  are  turned  to  the  spectator,  the 
starry  firmament  will  open  a  new  scene  of  won- 
ders, and  planets  andcomets  be  occasionally  beheld 
in  their  courses  through  the  distant  regions  of 
space. 

The  sublime  and  magnificent  scenes  displayed 


134 


CELESTIAL  SCENERY 


in  those  regions,  the  diversified  objects  presented 
to  view;  the  incessant  changes  in  their  phases 
and  aspects;  the  rapidity  of  their  apparent  mo- 
tions; and  the  difficulty  of  I'jtermining  the  real 
motions  and  relative  positions  of  the  bodies  in  the 
firmament,  and  the  true  system  of  the  world,  lead 
us  to  the  conclusion  that  the  globes  to  \vhich  we 
allude  are  replenished,  not  merely  with  sensitive, 
but  with  intellectual  beings.  For  such  sublime 
and  interesting  scenes  cannot  affect  inanimate 
matter,  nor  even  mere  sentient  beings  such  as 
exist  in  our  world;  and  we  cannot  suppose  that 
the  Creator  would  form  such  magnificent  arrange- 
ments to  be  beheld  and  studied  by  no  rational  be- 
ings capable  of  appreciating,  their  grandeur  and 
feeling  delight  in  their  contemplation.  If  crea- 
tion was  intended  as  a  display  of  the  perfections 
and  grandeur  of  the  Divine  Being,  there  must  ex- 
ist intelligent  minds  to  whom  such  a  display  is 
exhibited;  otherwise  the  material  universe  cannot 
answer  this  end,  and  might,  so  far  as  such  a  design 
is  concerned,  have  remained  forever  shut  up  in 
the  recesses  of  the  Eternal  Mind.  Such  scenes 
could  not  have  been  intended  merely  for  the  in- 
struction or  gratification  of  the  inhabitants  of 
the  earth.  For  no  one  of  its  population  has 
yet  beheld  them  from  that  point  of  view  in 
which  their  grandeur  is  displayed,  and  not  one 
out  of  a  hundred  thousand  yet  knows  tliat 
such  objects  exist.  We  are,  therefore,  irresist- 
ibly led  to  the  conclusion  that  intelligent  minds 
exist  in  the  regions  of  Jupiter,  Saturn,  and  Ura- 
nus, for  whose  pleasure  and  gratification  these 
sublime  scenes  were  created  and  arranged.  Those 
minds,  too,  in  all  probabilitj',  are  endowed  with 
faculties  superior  in  intellectual  energy  and  acu- 
men to  those  of  the  inhabitants  of  our  globe.  For 
the  rapidity  and  complexity  of  the  moiions  pre- 
sented in  the  firmament  of  some  of  the  satellites 
of  Jupiter  and  Saturn,  the  variety  of  objects  ex- 
hibited to  view,  and  the  frequent  and  rapid  chan- 
ges of  their  phases  and  apparent  magnitudes,  are 
such  as  to  require  the  exertion  of  intellectual  fac- 
ulties more  powerful  and  energetic  than  ours  in 
order  to  determine  the  real  motions  and  positions 
of  the  globes  around  them,  and  to  ascertain  the 
order  of  the  planetary  system  of  which  they  form 
a  part.  And  it  is  likewise  probable  that  tlieir  or- 
gans of  vision  are  more  acute  and  penetrating 
than  those  of  men;  otherwise  they  will  never  be 
able  to  discover  either  the  earth.  Mars,  Mercury, 
or  Venus,  and,  consequently,  may  suppose  that 
Buch  bodies  have  no  existence. 


SECTION  V. 

Argument  V.  The  doctrine  of  a  plurality  of 
worlds  may  be  argued  from  the  consideration  that, 
in  the  world  we  inhabit,  every  part  of  nature  is 
destined  to  the  support  of  animated  beings. 

There  is,  doubtless,  a  certain  degree  of  pleasure 
in  contemplating  the  material  world,  and  survey- 
ing the  various  forms  into  which  mutter  has  been 
wrought  and  arranged,  particularly  in  the  admi- 
rable structure  and  movements  of  systems  of 
bodies  such  as  those  which  compose  the  planetary 
system.  But  there  is  something  still  more  inter- 
esting and  wonderful  presented  to  the  mind  when 
we  contemplate  the  worlds  of  life.  The  material 
world  is  only,  as  it  were,  the  shell  of  the  universe, 
the  mere  substratum  of  thought  and  sensation; 
living  beings  are  its  inhabitants,  for  whose  sake 
alone  matter  is  valuable,  and  for  whose  enjoy- 
ment it  appears  to  have  been  created.     In  the  or- 


ganization of  animated  existences,  in  the  various 

parts  of  wliich  they  are  composed,  in  the  adapta- 
tion of  one  part  or  organ  to  another,  in  their  dif- 
ferent functions,  and  the  multifarious  movements 
of  which  they  are  susceptible,  without  taking 
into  consideration  the  soul  that  animates  them, 
there  is  a  display  of  the  most  admirable  mechan- 
ism and  the  nicest  contrivance,  which  is  not  to  be 
found  in  earth  or  stones,  in  rocks  of  diamonds,  or  . 
even  in  the  figure  of  a  planet  and  its  motion  i 
round  the  sun.  ' 

Hence  we  find  that  the  world  in  which  we  livo 
teems  with  animated  existence.  Man  is  the  prin- 
cipal inhabitant,  for  whose  use  and  accommoda- 
tion, chiefly,  the  terraqueous  globe  was  formed 
and  arranged.  Had  not  the  Creator  intended  to 
place  upon  its  surface  beings  endowed  with  ra- 
tional faculties,  capable  of  enjoying  happiness  and 
recognizing  the  perfections  of  its  author,  it  is 
not  probable  that  it  would  have  been  created.— 
"God  made  man  in  his  own  image,"  "and  gave 
him  dominion  over  the  fish  of  the  sea,  over  tho 
fowls  of  tlie  air,  and  over  every  living  thing  that  mo- 
veth  upon  the  earth."  After  the  light  was  formed, 
the  bed  of  the  ocean  prepared,  and  the  waters  se- 
parated from  the  dry  land;  after  luminaries  were 
placed  in  the  firmament,  and  plants  and  animals 
of  all  kinds  brought  into  existence,  the  world  ap- 
peared so  magnificently  adorned  that  it  might 
have  been  thought  perfect  and  complete.  But  all 
nature  was  yet  destitute  of  sentiment  and  grati- 
tude; there  were  no  beings  capable  of  recognizing 
the  Power  that  formed  them,  or  of  praising  the 
Author  of  their  varied  enjoyments.  The  world 
was  still  in  a  state  of  imperfection,  until  an  intel- 
ligence was  formed  capable  of  appreciating  the 
perfections  of  the  Creator,  of  contemplating  his 
works,  and  of  offering  to  him  a  tribute  of  grateful 
adoration.  Therefore  "God  created  man  in  his 
own  image,"  as  the  masterpiece  of  creation,  the 
visible  representative  of  his  Maker,  and  the  sub- 
ordinate ruler  of  this  lower  world. 

But  although  this  globe  was  created  chiefly  for 
the  residence  of  man,  it  was  not  destined  solely  for 
his  enjoyment.     It  is  impossible  for  him  to  occupy 
the  whole  of  its  surface,  or  of  the  appendages  with 
which    it    is    connected.      There    are    extensive 
marshes,  impenetrable  forests,  deep  caverns,  and 
the  more  elevated  parts  of  lofty  mountains,  where 
human  feet  have  never  trod.     There  is  a  vast  body 
of  water  which  covers  more  than    two-thirds  of 
the  surface  of  the  globe,  and  the  greater  part  of 
the  atmosphere  which  surrounds  the  earth,  which 
men  cannot  occupy  as  permanent   abodes.     Yet 
these   regions  of  our  world  are  not  left  destitute 
of  inhabitants.    Numerous  tribes  of  animals  range 
through   the  uncultivated  deserts,  and  find  ample 
accommodation  suited  to  their  nature,    in   rocks 
and  mountains,  in  dens  and  caves  of  the  earth. — 
The  regions  of  the  air  are  filled  with  winged  crea- 
tures of  every  kind,   from   the   ostrich    and    the 
eagle  to  the  numerous  tribes  of  flying  insects  al- 
most invisible  to  the  unassisted  eye.     The  ocean 
teems  with  myriads  of  inhabitants  which  no  man 
can  number,  of  every   form   and  size,  from    the 
mighty  whale  to  the  numerous  tribes  of  Medusce, 
of  which  several    thousands  of  billions   are  con- 
tained in  a  cubical    mile   of  water.     Every  sea, 
lake,  and  river  is  peopled  with  inhabitants;  every 
mountain  and  marsh,  every  wilderness  and  wood, 
is  plentifully   stocked  with  birds  and  beasts,  and 
numerous  species   of  insects,  all    of  which   find 
am])le  accommodation,  and  everything  necessary 
for  their  comfort  and  subsistence.     In  short,  every 
part  of  matter  appears  to  be  peopled;  almost  every 
green  leaf  and  every  particle  of  dust  has  its  peculiar 
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Inbob?}  Its.  Not  only  are  the  larger  parts 
of  nati'fe  occupied  with  living  beings,  but  even 
the  most  minute  portions  of  matter  teem  w^ith 
animated  existence.  Every  plant  and  shrub,  and 
almost  every  drop  of  water,  contains  its  respective 
inhabitants.  Their  number,  in  some  instances,  is 
80  great,  and  their  minuteness  so  astonishing,  that 
thousands  of  them  are  connected  within  a  space 
not  larger  than  a  grain  of  sand.  In  some  small 
pools  covered  with  a  greenish  scum,  of  only  a  few 
yards  in  extent,  there  are  more  living  creatures 
than  there  are  human  beings  on  the  surface  of  the 
whole  earth. 

Multitudes  of  animated  beings  are  found  in 
situations  and  circumstances  where  we  should 
never  have  expected  to  perceive  the  principle  of 
life.  The  juices  of  animals  and  plants,  corrupted 
matter,  excrements,  smoke,  dry  wood,  the  bark 
and  roots  of  trees,  the  bodies  of  other  animals, 
and  even  their  entrails,  the  dung-hill,  and  the  dir- 
ty puddle,  the  itch,  and  other  disorders  which  are 
attended  with  blotches  and  pimples,  and  even  the 
hardest  stones  and  rocks,  serve  to  lodge,  and  in 
some  measure  to  feed  numerous  tribes  of  living 
beings.  The  number  of  such  creatures  exceeds 
all  human  calculation  and  conception.  There 
may  be  reckoned  fur  more  than  a  hundred  thou- 
sand species  of  animated  beings,  many  of  these 
species  containing  individuals  to  the  amount  of 
several  hundreds  of  times  the  number  of  the  hu- 
man inhabitants  of  our  globe.  It  is  supposed  by 
some  that  the  tremulous  motion  observed  in  the 
air  during  summer  may  be  produced  by  millions 
of  insects  swarming  in  the  atmosphere;  afld  it  has 
been  found  that  the  light  which  is  seen  on  the 
surface  of  the  ocean  during  the  nights  of  summer 
is  owing  to  an  innumerable  multitude  of  small 
luminous  worms  or  insects  sporting  in  the  waters. 
All  the  numberless  species  of  animals  which  ex- 
ist on  the  different  departments  of  our  globe  are 
likewise  infinitely  diversified  in  their  forms,  or- 
gans, senses,  members,  faculties,  movements,  and 
gradations  of  excellence.  As  Mr.  Addison  has 
observed,  "  the  whole  chasm  of  nature,  from  a 
plant  to  a  man,  is  filled  up  with  divers  kinds  of 
creatures  rising  one  above  another  by  such  a  gentle 
and  easy  ascent,  that  the  little  transitions  and  de- 
viations from  one  species  to  another  are  almost  in- 
sensible. This  intermediate  space  is  so  well  hus- 
banded and  managed,  that  there  is  scarce  a  degree 
of  perception  which  does  not  appear  in  some  one 
part  of  the  world  of  life."  Here  we  have  an  evi- 
dence both  of  the  infinite  wisdom  and  intelli- 
gence of  the  Divine  Being,  and  of  his  boundless 
goodness  in  conferring  existence  and  happiness  on 
such  a  countless  multitude  of  percipient  beings. 

Since,  then,  it  appears  that  every  portion  of 
matter  in  our  world  was  intended  for  the  support 
and  accommodation  of  animated  beings,  it  would 
be  absurd  in  the  highest  degree,  and  inconsistent 
with  the  character  of  the  Deity  and  his  general 
plan  of  operation,  to  suppose  that  the  vast  regions 
of  the  planets,  so  exceedingly  more  expansive 
than  our  globe,  are  left  destitute  of  inhabitants. — 
Shall  one  small  planet  be  thus  crowded  with  a 
population  of  percipient  beings  of  all  descriptions, 
and  shall  regions  four  hundred  times  more  expan- 
sive be  left  without  one  living  inhabitant  ?  Can 
the  Deity  delight  to  communicate  enjoyment  in 
60  many  thousands  of  varied  forms  to  unnumber- 
ed myriads  of  sensitive  existences  in  our  terres- 
trial sphere,  and  leave  the  noblest  planets  of  the 
system  without  a  single  trace  of  his  benevolence? 
Can  we  suppose,  for  a  moment,  that  while  his 
wisdom  shines  so  conspicuous  in  the  mechanism 
of  the  various   tribes  of  animals  around  u^,  no 


similar  marks  of  intelligence  are  to  be  found  in 
other  regions  of  the  universe?  Such  conclusions 
can  never  be  admitted,  unless  we  suppose  that 
infinite  wisdom  and  goodness  have  been  exhausted 
in  the  arrangements  which  have  been  made  in  re- 
lation to  our  world,  or  that  the  Great  Source  of 
felicity  is  indifferent  about  the  communication  of 
happiness. 

As  far  as  our  observation  extends,  it  appears 
that  the  material  world  is  useless,  except  in  the 
relation  it  bears  to  animated  and  intellectual  be- 
ings. Matter  was  evidently  framed  for  the  pur- 
pose of  mind;  and  if  we  could  suppose  that  the 
vast  masses  of  matter  in  the  heavens  had  no  rela- 
tion to  mind,  they  must,  tiien,have  been  created  in 
vain;  a  supposition  which  would  derogate  from  the 
moral  character  and  the  perfections  of  Him  who 
is  "the  only  wise  God."  A  superior  nature  can- 
not be  supposed  to  be  formed  for  the  sake  of  an 
inferior.  A  skillful  artist  would  never  think  of 
designing  that  which  is  of  the  greatest  dignity, 
or  which  requires  the  utmost  precision  and  the 
nicest  mechanism,  for  the  sake  of  the  inferior 
part  of  his  workmanship.  He  does  not  construct 
the  wheels  and  pinions  of  an  orrery  for  the  sake 
of  the  handle  by  which  they  are  moved,  or  of  the 
pedestal  on  which  the  instrument  stands;  nor  does 
he  contrive  a  timepiece  merely  for  the  sake  of 
the  shell  or  case  in  which  it  is  to  be  inclosed.  In 
like  manner,  we  cannot  imagine  that  man  was 
made  for  the  sake  of  the  brutes,  or  the  inferior 
animals  for  the  sake  of  vegetables,  or  the  yearly 
production  of  vegetables  for  the  relief  and  com- 
fort of  the  soil  on  which  they  grow.  This  would 
be  to  invert  the  order  of  the  universe,  and  to  in- 
volve us  in  the  most  palpable  absurdity.  The 
order  of  things  always  rises  upward,  by  gentle 
and  regular  degrees,  from  inanimate  matter, 
through  all  the  gradations  of  vegetable,  animal, 
and  immaterial  existence,  until  we  arrive  at  the 
Eternal  and  Incomprehensible  Divinity.  Hence 
it  appears  that  the  earth  must  have  been  formed, 
not  for  itself,  but  for  the  sake  of  the  vegetable, 
sensitive,  and  intellectual  beings  it  supports;  and, 
by  a  parity  of  reasoning,  the  planets,  most  of 
which  are  much  more  spacious  and  more  magni- 
ficently adorned,  must  have  been  formed  and  ar- 
ranged for  the  sake  of  superior  natures. 

"  Existence,"  as  a  certain  writer  has  observed, 
'•  is  a  blessing  to  those  beings  only  which  are  in- 
dued with  perception,  and  is,  in  a  manner,  thrown 
away  upon  dead  matter,  any  further  than  as  it  is 
subservient  to  beings  which  are  conscious  of  their 
existence."  Accordingly  we  find,  from  the  bodies 
which  lie  under  our  observation,  that  matter  is 
only  made  as  the  basis  and  support  of  living  be- 
ings, and  that  there  is  little  more  of  the  one  than 
what  is  necessary  for  the  existence  and  the  ample 
accommodation  of  the  other.  The  earth,  as  to 
amplitude  of  space,  would  contain  a  hundred 
times  the  number  of  animated  beings  it  actually 
supports;  and  the  ocean  might  perhaps  contain 
thousands  more  than  what  are  found  amid  its 
recesses;  but,  in  such  a  case,  they  would  not 
have  free  scope  for  their  movements,  nor  experience 
all  the  comforts  and  accommodations  they  now 
enjoy. 

From  what  has  been  stated,  it  appears  that  the 
Divine  Goodness  is  of  so  communicative  a  nature 
that  it  seems  to  delight  in  conferring  existence  and 
happiness  on  every  order  of  perceptive  beiiigs, 
and  therefore,  has  left  no  part  connected  with  the 
world  in  which  we  live  without  its  inhabitants; 
and  that  no  creature  capable  of  feeling  the  plea- 
sure of  existence  might  be  omitted  in  the  plan  of 
benevolence,  there  is  an  almost  hifinite  diversity 
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in  the  rank  and  order  of  percipient  existence. — 
The  scale  of  sensitive  being  begins  with  those 
creatures  which  are  raised  just  above  dead  matter. 
Commencing  at  the  polypus  and  certain  species 
of  shell-fish,  it  ascends  by  numerous  gradations 
until  it  arrives  at  man.  How  far  it  may  ascend 
beyond  this  point  is  beyond  the  limits  of  our 
knowledge  to  determine.  Had  only  one  species 
of  animals  been  created,  none  of  the  rest  would 
have  enjoyed  the  pleasuj^s  of  existence.  But  in 
the  existing  state  of  things,  all  nature  is  full  of 
enjoyment,  and  that  enjoyment  endlessly  diversi- 
fied, according  to  the  rank  and  the  percipient  pow- 
ers of  the  different  species  of  animated  existence. 
It  would,  therefore,  be  a  reflection  on  the  goodness 
as  well  as  on  the  wisdom  of  the  Divine  Being, 
were  we  to  suppose  that  no  traces  of  Divine  bene- 
ficence were  to  be  found  amid  the  expansive  re- 
gions of  the  planetary  globes.  It  would  form  a 
perfect  contrast  to  the  operations  of  Infinite  Be- 
nevolence, as  displayed  in  our  terrestrial  system, 
and  would  almost  lead  us  to  conclude  that  the 
same  Almighty  Agent  did  not  preside  in  both 
tiiese  departments  of  the  universe.  But  we  may 
rest  assured  that  the  Deity  always  acts  in  harmony 
with  his  character  througbout  every  part  of  his 
dominions;  and,  therefore,  we  may  confidently 
conclude  that  countless  multitudes  of  sensitive 
and  intellectual  beings,  far  more  numerous  and 
diversified  than  on  earlh,  people  the  planetary 
regions. 

From  what  has  been  stated  oa  this  subject,  we 
may  likewise  conclude  with  certainty  that  the 
planetary  worlds  are  not  peopled  merely  with  ani- 
mal existences,  but  also  with  rational  and  intellect- 
ual natures.  For  the  scenes  displayed  in  most  of 
the  planets  cannot  be  appreciated  by  mere  sensi- 
tive beings,  nor  are  they  calculated  to  afford  them 
any  gratification.  Beside,  if  it  be  one  great  de- 
sign of  the  Creator  to  manifest  the  glory  of  his 
perfections  to  other  beings,  none  but  those  who 
are  furnished  with  rational  faculties  are  capable 
of  recognizing  his  attributes  as  displaj'ed  in  his 
works,  and  of  offering  to  him  a  tribute  of  thanks- 
giving and  adoration.  Such  intelligences,  we 
have  every  reason  to  believe,  may  far  surpass  the 
human  race  in  their  intellectual  powers  and  ca- 
pacities. There  is  an  infinite  gap  between  man 
and  the  Deity,  and  we  iuive  no  reason  to  believe 
that  it  is  entirely  unoccupied.  There  is  a  regular 
gradation  from  inanimate  matter  and  vegetative 
life  through  all  the  varieties  of  animal  existence 
until  we  arrive  at  man.  But  we  have  no  reason 
to  believe  that  the  ascending  scale  terminates  at 
the  point  of  the  human  faculties,  unless  we  sup- 
pose that  the  soul  of  man  is  the  most  perfect  in- 
telligence next  to  the  Divinity.  If  the  scale  of 
being  rises  by  such  a  regular  process  to  man,  by 
a  parity  of  reasoning  we  may  suppose  that  it  still 
proceeds  gradually  through  those  beings  that  are 
endowed  with  superior  faculties;  since  there  is  an 
immensely  greater  space  between  man  and  the 
Deity  than  between  man  and  the  lowest  order  of 
sensitive  existence.  And  although  we  were  to 
conceive  the  scale  of  intellectual  existence  above 
man  rising  thousands  of  times  higher  than  that 
which  intervenes  between  inanimate  matter  and 
the  human  soul,  still  there  would  be  an  infinite 
distance  between  the  highest  created  intelligence 
and  the  Eternal  Mind  wliich  could  never  be  over- 
passed. It  is  quite  accordant  with  all  that  we 
know  of  the  perfections  and  operations  of  the 
Deity  to  conclude  tiiat  such  a  progression  of  in- 
tellectual beings  exists  throughout  tho  universe; 
•nd,  therefore,  we  have  reason  to  believe  that  in 


some  of  the  planets  of  onr  system  there  are  intel- 
lectual natures  far  superior,  in  point  of  mental 
vigor  and  capacity,  to  the  brightest  geniuses  that 
have  ever  appeared  upon  eartli;  and  in  other  sys- 
tems of  creation  the  scale  of  spiritual  progression 
may  be  indefinitely  extended  far  beyond  the  limits 
to  which  human  imagination  can  penetrate.  In 
the  contemplation  of  such  scenes  of  percipient 
and  intelligent  existence,  we  perceive  no  bounda- 
ries to  the  prospect;  the  mind  is  overwhelmed 
amid  the  immensity  of  being,  and  i'eels  itself  una- 
ble to  grasp  the  plans  of  Eternal  Wisdom,  and  the 
innumerable  gradations  of  intelligence  over  wliich 
the  moral  government  of  the  Deity  extends;  and, 
therefore,  we  may  justly  conclude  wonders  of 
power,  wisdom,  and  benevolence  still  remain  for 
the  admiration  of  intellectual  beings,  which  the 
scenes  of  eternity  alone  can  disclose. 

Intellectual  beings  may  likewise  be  distinguish- 
ed into  those  which  are  linked  to  mortal,  and  those 
which  are  connected  with  immortal  bodies.  In  the 
present  state  of  our  terrestrial  system  immortal  bo- 
dies cannot  exist.  Had  immortality  been  intended 
for  man  on  earth,  Infinite  Wisdom  would  have 
adopted  another  plan;  fq|^the  constitution  of  the 
earth,  the  atmosphere,  and  the  waters,  is  not 
adapted  to  the  support  and  preservation  of  immor- 
tal beings;  that  is,  of  those  intelligences  which 
inhabit  a  system  of  corporeal  organization.  From 
the  reciprocal  action  of  solids  and  fluids,  of  earth, 
air,  and  water,  life  results;  and  this  very  action 
continued,  according  to  the  laws  which  now  ope- 
rate, is  the  natural  cause  of  death,  or  the  dissolu- 
tion of  the  corporeal  system.  But  in  other  worlds 
a  system  of  means  may  be  adapted  for  preserving 
in  perpetual  activity,  and  to  an  indefinite  dura- 
tion, the  functions  of  the  corporeal  machine  which 
is  animated  by  the  intellectual  principle;  as  would 
probably  have  happened  in  the  case  of  man,  had 
he  retained  his  original  moral  purity  and  his  alle- 
giance to  his  Maker.  Intelligent  beings  may 
likewise  exist  which  are  destined  to  pass  from  one 
state  of  corporeal  organization  to  another,  in  a 
long  series  of  changes,  advancing  from  one  degree 
of  corporeal  perfection  to  another,  until  their  or- 
ganical  vehicles  become  as  pure  and  refined  as 
light,  and  susceptible  of  the  same  degree  of  rapid 
motion.  The  butterfly  is  first  an  egg,  then  a 
worm,  afterward  it  becomes  a  chrysalis,  and  it  ip 
not  before  it  has  burst  its  confinement,  that  i* 
wings  its  flight,  in  gaudy  colors,  through  the  air 
Man  is  destined  to  burst  his  mortal  coil,  to  enter 
a  new  vehicle,  and  at  last  to  receive  a  body  "  in- 
corruptible, powerful,  glorious,  and  immortal." — 
Varieties  analogous  to  these  may  exist  throughout 
other  regions  of  the  universe.  If  there  are  not  in 
nature  two  leaves  precisely  alike,  or  two  trees, 
two  cabbages,  two  caterpillars,  or  two  men  and 
women  exactly  similar  in  every  point  of  view  in 
which  they  may  be  contemplated,  how  can  we 
suppose  that  there  can  be  two  planets  or  two  sys- 
tems of  planets  exactly  alike,  or  that  the  corpo- 
real organs  and  faculties  of  their  inhabitants  in 
every  respect  resemble  each  other?  Every  globe 
and  every  system  of  worlds  has  doubtless  its  pe- 
culiar economy,  laws,  productions,  and  inhabit- 
ants. This  conclusion  is  warranted  from  all  that 
we  know  of  the  operations  of  the  Creator;  it  ex- 
hibits, in  a  striking  point  of  view,  the  depths  of 
his  wisdom  and  intelligence,  and  it  opens  to  im- 
mortal beings  a  prospect  boundless  as  immensity, 
in  the  contemplation  of  which  their  faculties  may 
be  forever  exercised,  and  their  views  of  the  won- 
ders of  Creating  Power  and  wisdom  continually 
extending,  while  myriads  of  ages  roll  away. 
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In  the  preceding  pages  I  have  endeavored  to 
Illustrate  the  doctiiue  of  a  plurality  of  worlds, 
from  the  considerations  that  there  are  bodies  in 
the  planetary  system  of  such  magnitudes  as  to  af- 
ford ample  scope  for  myriads  of  inhabitants;  that 
there  is  a  general  similarity  among  all  the  bodies 
of  the  system,  which  affords  a  presumptive  evi- 
dence that  they  are  intended  to  subserve  the  same 
ultimate  designs;  that,  connected  with  the  planets, 
there  are  special  arrangements  which  indicate  their 
adaptation  to  the  enjoyment  of  sensitive  and  in- 
tellectual beings;  that  the  scenery  of  the  heavens, 
as  viewed  from  the  surfaces  of  the  larger  planets 
avd  their  satellites,  forms  a  presumptive  proof  of 
the  same  position;  and  that  the  fact  that  every 
part  of  nature  in  our  world  is  destined  to  the  sup- 
port of  animated  beings,  affords  a  powerful  argu- 
ment in  support  of  this  doctrine.  These  argu- 
ments, when  viewed  in  all  their  bearings,  and  in 
connection  with  the  wisdom  and  benevolence  of 
the  Divine  Being,  may  be  considered  as  amount- 
ing to  moral  demonstrations  that  the  planets  and 
their  satellites,  as  well  as  other  departments  of  the 
universe,  are  the  abodes  of  sensitive  and  intelli- 
gent natures.  These,  however,  are  not  all  the  con- 
siderations or  arguments  which  might  be  brought 
forward  in  proof  of  this  position.  Many  others, 
founded  on  a  consideration  of  the  nature  and  re- 
lations of  things,  and  the  attributes  of  the  Divinity, 
and  particularly  some  powerful  arguments  derived 
from  the  records  of  Revelation,  might  have  been 
stated  and  particularly  illustrated.  But  I  shall 
leave  the  further  consideration  of  this  topic  to  an- 
other volume,  in  which  we  shall  take  a  survey  of 
the  scenery  of  the  starry  firmament,  and  of  other 
objec.ts  connected  with  the  science  of  the  heavens. 

On  the  whole,  the  doctrine  of  a  plurality  of 
worlds  is  a  subject  of  considerable  importance, 
and  in  which  every  rational  being,  who  is  con- 
vinced of  his  immortal  destination,  is  deeply  in- 
terested. It  opens  to  our  view  a  boundless  pros- 
pect of  knowledge  and  felicity  beyond  the  limits 
of  the  present  world,  and  displays  the  ineffable 
grandeur  of  the  Divinity,  the  magnificence  of  his 


empire,  and  the  harmonious  operation  of  his  infi- 
nite  perfections.      Without  taking  this  doctrine 
into  account,  we  can  form  no  consistent  views  of 
the  character  of  Omnipotence  an(i  of  the  armnge- 
meuts  which  exist  in  the  universe.     Both  his  wis- 
dom and  his  goodness  might  be  called  in  question, 
and  an  idea  of  the  Supreme  Ruler  presented  al- 
together different  from  what  is  exhibited  by  the 
inspired  writers  in  the  records   of  Revelation. — 
When,  therefore,  we  lift  our  eyes  to  the  heavens, 
and  contemplate   the  mighty  globes    which    roll 
around  us;  when  we  consider  that  their  motions 
are  governed  by  the  same  common  laws,  and  that 
they  are  so  constructed  as  to  furnish  accommoda- 
tion for  myriads  of  perceptive  existence,  we  ought 
always  to  view  them  as  the  abodes  of  iutelligenco 
and    the    theaters   of    Divine  Wisdom  on   which 
the  Creator  displays   his    boundless  beneficence; 
for  "his  tender  mercies,"  or  the  emanations  of  his 
goodness,  "  are  diffnsed  over  all  his  works."     Sucb 
views  alone  can  solve  a  thousand    doubts  which 
may  arise  in  our  minds,  and  free  us  from  a  thou- 
sand absurdities  which  we  must  otherwise  enter- 
tain  respecting  the  Great  Sovereign  of  the  uni- 
verse.    Without  adopting  such  views,  the  science 
of  the  heavens   becomes   a  comparatively  barren 
and  uninteresting  study,  and   the  splendor  of  the 
nocturnal  sky  conveys  no  ideas  of  true  sublimity 
and  grandeur,  nor  is  it  calculated   to  inspire  the 
soul  with  sentiments  of  love  and  adoration.     In 
short,  there  appears  to  be  no  medium  between  re- 
maining in  ignorance  of  all  the  wonders  of  Power 
and  Wisdom  which  appear   in   the  heavens,  and 
acquiescing  in  the  general  views  we  have  attempt- 
ed  to   illustrate  respecting  the   economy  of    the 
planets,  and  their  destination  as  the  abodes  of  rea- 
son and  intelligence.     But,  when  such  views  are 
recognized,  the  bodies  in  the  heavens  become  the 
noblest  objects  of  human  contemplation,  the  Dei- 
ty appears  invested  with  a  character  truly  amiable 
and  sublime,  and  a  prospect  is  opened  to  immortal 
beings  of  a  perpetual  increase  of  knowledge  and 
felicity,  throughout  all  the  revolutions  of  an  in- 
terminable existence. 
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For  the  sake  of  those  readers  who  may  feel  a 
desire  occasionally  to  contemplate  the  heavens  and 
to  trace  the  motions  of  the  planetary  orbs,  the  fol- 
lowing sketches  are  given  of  the  positions  and  mo- 
tions of  the  planets  for  two  years  posterior  to  1837. 


POSITIONS,  ETC.,  OF   THE   PLANETS   FOR    1838. 

1.  The  Planet  Mercury. 

This  planet  can  be  seen  distinctly  by  the  naked 
eye  only  about  the  time  of  its  greatest  elongation; 
and  to  those  who  reside  in  northern  latitudes  it 
will  scarcely  be  visible,  even  at  such  periods,  if  it 
be  near  the  utmost  point  of  its  southern  declina- 
tion. 

The  following  are  the  periods  of  its  greatest 
elongation  for  1838:  January  the  3d  it  is  at  its 


eastern  elongation,  when  it  is  19J^  degrees  east 
from  the  sun,  and  will  be  seen  in  the  evening  about 
thirty  or  forty  minutes  after  sunset ,  near  the  south- 
west, at  a  little  distance  from  the  point  where  the 
sun  went  down.  But  as  it  is  then  in  2(P  41'  of 
south  declination,  its  position  is  not  the  most  favor- 
able for  observation.  Its  next  greatest  elongation 
is  on  February  12,  when  it  is  260  10' to  the  west 
of  the  sun,  and  will  be  seen  in  the  morning,  be- 
fore sunrise,  near  the  sontli-eastern  quarter  of  the 
horizon.  April  25  it  will  again  be  seen  in  the 
evening  at  the  eastern  elongation,  20°  20'  east  of 
the  sun,  when  it  is  in  21°  43'  of  north  declination. 
It  will  be  seen  at  this  time  about  15  degrees  north 
of  the  western  point  of  the  horizon,  almost  imme- 
diately above  the  place  where  the  sun  went  down. 
During  five  days  before  and  after  the  time  now 
specified  there  will  be  favorable  opportunities  for 
detecting  Mercury  with  the  naked  eye  or  with  a 
I  small   opera-glass.      On  June   12  is  its  greatest 
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western  elongation,  at  which  time  it  is  23°  5'  west 
of  the  sun,  and  is  to  be  looked  for  in  the  morning, 
before  sunrise,  near  the  north-eastern  part  of  the 
horizon;  but  tlie  strong  twilight  at  this  season  will 
probably  prevent  it  from  being  distinguished  by 
the  naked  eye.  Its  next  greatest  eastern  elongation 
is  on  August  23,  when  it  is  271-4  degrees  from  the 
Bun.  It  will  be  seen,  for  nearly  an  hour  after  sun- 
set, a  little  to  the  south  of  the  western  point  of 
the  compass,  and  a  few  degrees  above  the  horizon. 
It  may  be  seen  during  ten  or  twelve  days  before, 
the  period  here  stated,  and  six  or  eight  days  after 
it.  This  will  form  one  of  the  most  favorable  pe- 
riods which  occur  throughout  this  year  for  ob- 
serving Mercury.  October  4  it  will  again  be  at 
its  greatest  western  elongation,  when  it  will  bo 
seen  in  the  marning  hi  a  direction  nearly  due  east. 
Uecember  17  it  is  at  its  greatest  eastern  elonga- 
tion, but  its  southerji  declination  being  then  more 
than  24  degrees,  it  will  set  in  the  S.  W.  by  S. 
point  of  the  compass  a  few  minutes  after  the  sun, 
and  will  consequently  be  invisible  to  the  naked 
eye. 

The  periods  most  favorable  for  detecting  this 
planet  in  the  evenings  a.Te  April  25  and  August  23; 
and  in  the  mornings,  February  12  and  October  4. 
During  the  interval  of  a  week  or  ten  days,  both 
before  and  after  the  time  of  greatest  elongation,  the 
planet  may  generally  be  seen  in  a  clear  sky,  when 
in  such  favorable  positions  as  those  now  stated. 

2.   The  Planet  Venus. 

This  planet  will  appear  as  an  evening  star  du- 
ring the  months  of  January  and  February.  About 
the  beginning  of  January  it  will  be  seen  near  the 
south-west  quarter  of  the  heavens  a  few  minutes 
after  sunset.  About  the  beginning  of  February  it 
will  set  nearly  due  west.  It  will  be  visible  in  the 
evening  until  about  the  25th  of  February,  after 
which  its  nearness  to  the  sun  will  prevent  it  from 
being  distinguished.  Throughout  the  whole  of 
its  course  during  these  two  months  it  will  appear 
of  the  figure  of  a  crescent  when  viewed  with  a 
telescope,  and  the  crescent  will  appear  most  slen- 
der about  the  end  of  February  (see  Fig.  12,  p.  31 ). 
On  March  5  it  passes  its  inferior  conjunction  with 
the  sun,  after  which  it  will  be  no  longer  seen  in 
the  evenings  for  the  space  of  ten  months.  It  then 
becomes  a  morning  star;  and,  about  eight  days 
after  its  conjunction,  will  be  seen  in  the  morning, 
before  sunrise,  a  little  to  the  south  of  the  eastern 
point  of  the  horizon.  PVom  this  period  until 
near  the  middle  of  May  it  will  appear  of  a  cres- 
cent form.  Its  greatest  brilliancy  will  be  on  April 
10;  its  greatest  elongation  from  the  sun  on  May 
14,  when  it  will  appear  of  nearly  the  form  of  a 
half  moon,  and  its  superior  conjunction  on  De- 
cember 18,  soon  after  which  it  will  again  be  seen 
as  an  evening  star. 

The  brilliancy  of  this  planet  is  such  that  it  can 
scarcely  be  mistaken  by  any  observer,  especially 
when  its  position  in  the  heavens  is  pointed  out. 

3.  The  Planet  Mars. 

This  planet  will  not  be  much  noticed  by  com- 
mon obseivers  until  near  the  end  of  the  year. — 
About  the  beginning  of  March  it  is  -in  conjunc- 
tion with  the  sun,  when  it  is  farthest  from  the 
earth,  about  a  month  or  two  before  and  after 
which  period  it  is  scarcely  distinguishable  from  a 
small  star.  From  April  to  December  it  will  be 
visible  only  in  the  morning,  in  an  easterly  direc- 
tion; but  Its  apparent  size  will  gradually  increase 
until  the  end  of   the  year.      It  is  distinguished 


from  the  fixed  stars  and  from  the  othei  planets  by 
its  ruddy  appearance. 

4.  The  Planets  Vesta,  Juno,  Ceres,  and  Pallas. 

These  planets  are  not  perceptible  by  the  naked 
eye.  The  best  time  for  observing  them  with  tele- 
scopes is  when  they  are  at  or  near  the  period  of 
their  opposition  to  the  sun,  when  they  are  nearesi 
to  the  earth,  and  even  then  it  will  be  difficult  to  de- 
tect them  without  the  assistance  of  transit  or 
equatorial  instruments. 

Vesta  will  be  in  opposition  to  the  sun  on  the 
2yth  December,  its  right  ascension  being  6h.  31' 
47",  and  its  declination  22°  4)^' north.  At  mid- 
night it  will  be  due  south,  at  an  elevation  of  60 
degrees  above  the  horizon,  in  the  latitude  of  52 
degrees  north,  about  15  degrees  to  the  south-west 
of  the  star  Pollux,  and  ly^  degrees  north  of  Gam- 
ma Gemini. 

Juno  is  in  opposition  on  the  17th  June,  in 
right  ascension  17h.  46i^',  and  south  declination 
4)-^'°.  It  will  be  on  the  meridian  at  midnight,  at 
an  elevation  of  33)^  degrees  above  the  southern 
horizon. 

Neither  Ceres  nor  Pallas  wiH  be  in  opposition 
to  the  sun  iiuring  this  year. 

5.  The  Planet  Jupiter. 

This  planet  will  malce  a  very  conspicuous  ap- 
pearance in  the  heavens  during  the  winter  and 
spring  months.  About  the  beginning  of  January 
it  will  rise,  a  little  to  the  north  of  the  eastern 
point  of  the  horizon,  a  few  minutes  after  ten 
o'clock  in  the  evening,  and  will  pass  the  meridi- 
an, at  an  elevation  of  43^0  degrees,  about  half  past 
four  in  the  morning.  About  the  middle  of  Feb- 
ruary it  will  rise  about  seven  in  the  evening, 
nearly  in  the  same  direction,  and  will  come  to  the 
meridian  about  half  past  one  in  the  morning. — 
During  tlie  months  of  January  and  February  it 
will  be  seen  either  in  the  evenings  or  the  morn- 
ings. About  the  middle  of  January  it  will  be 
seen,  in  a  south-westerly  direction,  about  six 
o'clock  in  the  morning.  From  the  beginning  of 
March  until  the  end  of  August  it  will  be  seen  in 
the  evenings  without  interruption  when  the  sky 
is  clear.  On  the  22d  September  it  is  in  conjunc- 
tion with  the  sun,  but  it  will  seldom  be  noticed 
for  a  month  before  this  period.  During  tlie 
months  of  November  and  December  it  will  be 
again  seen  in  the  east,  only  in  the  morning,  some 
time  before  the  rising  of  the  sun. 

This  planet  can  scarcely  be  mistaken,  as  it  is 
next  to  Venus  in  apparent  magnitude  and  splen- 
dor. It  will  appear  most  bnlliant  about  the  be- 
ginning, of  March,  when  it  is  in  opposition  to  the 
sun,  and  its  satellites  and  belts  will  present  an 
interesting  sight  when  viewed  with  a  good  tele- 
scope. At  present  (November  22,  lb37),  four 
belts,  nearly  equidistant  from  each  other,  are  dis- 
tinctly visible  with  a  power  of  200  times.  Their 
appearance  is  very  nearly  similar  to  what  is  re- 
presented in  Fig.  56,  p,  64,  so  that  a  considerabfe 
change  has  taken  place  in  their  appearance  since 
last  June,  when  they  appeared  nearly  as  in  Fig. 
52,  p.  61.  At  that  time  the  middle  belt  was  the 
only  one  easily  perceptible,  while  the  other  two, 
at  the  north  and  south  extremities,  appeared  ex- 
tremely faint  and  obscure.  At  present  all  the  four 
belts  are  distinctly  marked. 

6.  The  Planet  Saturn. 

This  planet  passed  its  conjunction  with  the  sun 
on  the  12th  November,  1837.     From  the  begin- 
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ning  of  the  year  until  about  the  middle  of  April 
it  will  be  visible  chiefly  in  the  mornings.  On  the 
first  of  January  it  will  rise  near  the  south-east, 
about  twenty  riiinutes  past  four  in  the  morning, 
and  will  pass  the  meridian  about  forty-eight  mi- 
nutes past  eight,  at  an  elevation  of  21  degrees 
above  the  southern  horizon.  On  the  first  of 
April  it  will  rise  at  half  past  ten  in  the  evening, 
and  about  midnight  will  be  seen  near  the  south- 
east about  ten  or  twelve  degrees  above  the  hori- 
zon. From  this  period  Saturn  will  be  visible  in 
tJie  evenings  until  near  the  end  of  October,  rising 
every  evening  at  an  earlier  hour  than  on  the  pre- 
ceding. On  the  16th  May  it  is  in  opposition  to 
tlie  sun,  when  it  will  rise  near  the  south-east  at 
half  past  seven,  and  come  to  the  meridian  at  mid- 
night. During  the  months  of  August,  Septem- 
ber, and  October,  it  will  be  seen  chiefly  in  the 
south-west  quarter  of  the  heavens  after  sunset,  at  a 
small  elevation  above  the  horizon.  It  will  be  very 
perceptible  daring  September  and  October,  on  ac- 
count of  its  low  altitude  at  sunset.  It  will  be  in 
conjunction  with  the  sun  on  the  24th  November. 
This  planet  is  not  distinguished  for  its  brilliancy 
to  the  naked  eye,  though  it  exhibits  a  beautiful 
appearance  tlirough  the  telescope.  It  is  of  a  dull 
leaden  color,  and  is  not  easily  distinguished  from 
a  fixed  star  except  by  the  steadiness  of  its  light, 
never  presenting  a  twinkling  appearance  as  the 
Btars  do,  and  from  which  circumstance  it  may  be 
distinguished  from  neighboring  stars.  The  best 
times  for  telescopic  observations  on  this  planet 
will  be  in  the  months  of  April  and  May,  when  its 
ring  will  appear  nearly  as  represented  in  Fig.  63, 
p.  71. 

7.  The  Planet  Uranus. 

This  planet  is,  for  the  most  part  invisible  to  the 
naked  eye.  The  best  time  for  detecting  it  by  means 
of  a  telescope,  is  when  it  is  at  or  near  the  period 
of  its  opposition  to  the  sun,  which  happens  on  the 
3d  September.  At  that  time  it  passes  tiie  merid- 
ian at  midnight,  at  an  elevation  of  about  301/^  de- 
grees above  tlie  horizon.  It  is  situated  nearly  in 
a  straight  line  between  the  star  Fomalhaut  on  the 
aouth  and  Markab  on  the  north,  being  nearly  in 
the  middle  of  the  line,  about  22io  degrees  dis- 
tant from  each.  It  is  in  the  neighborhood  of 
Beveral  telescopic  stars.  On  account  of  its  slow 
motion,  its  position  in  respect  to  the  above  stars 
will  not  be  much  altered  for  a  month  or  two.  On 
tile  1st  of  November  it  passes  the  meridian  at 
eight  o'clock  in  the  evening.  Its  right  ascension, 
or  distance  from  the  first  point  of  Aries,  is  tlien 
S2h.  42'  and  its  declination  9°  4'  south. 

N.  B. — In  the  above  statements  the  observer  is 
supposed  to  be  in  fifty-two  degrees  north  latitude. 
In  places  a  few  degrees  to  the  north  or  south  of 
this  latitude,  a  certain  allowance  must  be  made 
for  the  times  of  rising,  and  the  altitudes  which  are 
here  specified.  To  those  who  resi  le  in  lower  lati- 
tudes than  fifty-two  degrees,  the  altitudes  of  the 
different  bodies  will  be /n^/Acr,  and  to  those  in  higher 
latitudes  the  altitudes  above  the  horizon  will  be 
lower  than  what  is  here  stated. 


PHENOMENA  OF  THE  PLANETS  FOR 
1839. 

I.  Mercury. 

The  greatest  tcestem  elongation  of  this  planet  hap- 
pens OB.  the  2Gth  of  January,  when  it  is  24°  50' 


west  of  the  sun.  It  will  be  seen  near  the  south- 
east a  little  before  seven  in  the  morning.  On  the 
seventh  of  April,  and  a  few  days  before  and  after 
it,  it  will  be  seen  in  the  evening  in  a  direction 
west  by  north.  On  the  24th  of  May  it  will  be 
seen  in  the  morning,  in  a  direction  a  little  to  the 
north  of  the  eastern  point,  before  sunrise.  Its 
next  elongation  will  happen  on  the  fifth  of  Au- 
gust, when  it  is  twenty-seven  and  one-third  de- 
grees distant  from  the  sun.  At  this  period,  and  a 
tortnight  before  and  a  little  after,  it  will  be  seen 
near  the  west  point,  or  a  little  north  of  it,  about 
nine  o'clock  in  the  evening  or  a  i&w  minutes  be- 
fore it.  This  will  be  a  favorable  opportunity  for 
distinguishing  tliis  planet  with  the  naked  eye.  It 
will  be  again  seen  in  the  morning,  about  five  o'- 
clock, a  little  to  the  north  of  the  east  point,  on 
September  18.  Its  next  greatest  elongation  will 
be  on  the  30th  of  November,  when  it  will  appear 
in  a  direction  south-west-by-south  about  the  time 
of  sunset.  This  will  be  a  very  unfavorable  posi- 
tion for  attempting  to  distinguish  Mercury.  It 
passes  its  inferior  conjunction  with  the  sun  on  tlie 
18th  December. 

2.  Venus. 

This  planet  will  be  an  evening  star  from  the 
beginning  of  the  year  until  6th  October,  when  it 
passes  its  inferior  conjunction  with  the  sun.  It 
will  not,  however,  be  much  noticed  until  about 
the  beginning  of  March,  on  account  of  its  near- 
ness to  the  sun  and  its  southern  declination.  It 
will  appear  most  orilliant  during  the  months  of 
May,  June,  July,  August,  and  beginning  of  Sep- 
tember, when  it  will  be  seen  at  a  considerable  ele- 
vation in  the  western  and  north-western  quarter 
of  the  heavens  a  few  minutes  after  sunset.  About 
the  middle  of  October,  or  a  few  days  before,  it 
will  appear  as  a  morning  star  near  the  south-eastern 
quarter  of  the  sky,  and  will  continue  as  a  morn- 
ing star  until  near  the  end  of  the  year. 

3.  Mars. 

During  the  months  of  February,  March,  and 
April,  this  planet  will  appear  in  its  greatest  luster. 
It  will  be  in  opposition  to  the  sun  on  the  12th 
March,  at  which  period  it  is  nearest  to  the  earth, 
and  will  appear  twenty-five  times  larger  in  sur- 
face than  in  the  opposite  part  of  its  orbit.  At  this 
period  it  will  rise  about  half  past  five  in  the  eve- 
ning, a  little  to  the  north  of  the  east  point,  anii 
will  come  to  the  meridian  at  midnight,  at  an  alti- 
tude of  forty-five  degrees.  It  will  be  easily  dis- 
tinguished from  the  neighboring  stars  by  its  size 
and  its  ruddy  appearance.  Ai  this  time  the  planet 
Jupiter  will  appear  in  a  direction  about  twenty- 
two  degrees  south-east  of  Mars.  From  the  month 
of  May  until  tbe  end  of  the  year  Mars  will  ba 
visible  in  the  evenings,  but  its  apparent  size  will 
be  gradually  diminishing,  and,  on  account  of  its 
southern  declination,  will  not  be  much  noticed 
after  the  month  of  September.  On  the  I9th  July, 
at  forty-six  minutes  past  nine  o'clock  in  the  eve- 
ning, Mars  and  Jupiter  will  be  in  conjunction,  at 
which  time  Mars  will  be  one  degree  and  a  half  to 
the  south  of  Jupiter.  They  will  then  be  seen 
near  the  western  point,  at  a  small  elevation  above 
the  horizon. 

4.  Vesta,  Juno,  Ceres,  and  Pallas. 

Juno  arrives  at  its  opposition  to  the  sun  on  the 
12th  October,  at  Ih.  32',  p.  m.  It  passes  the  meri- 
dian at  midniglit,  or  at  12h.  2i^',  at  an  altitude  of 
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340  21',  and  is  then  about  twelve  degrees  west  of 
the  star  Mira.  Declination  3°  39'  south,  and  right 
ascension,  Ih.  26'. 

Pallas  is  in  opposition  to  the  sun  April  1,  at  7h. 
10',  A.  Ji.  Riglit  ascension  13h.  12'  42".  Declina- 
tion 14°  21'  north.  Ic  passes  the  meridian  at  mid- 
night, at  an  elevation  of  52°  22'.  It  will  then  be 
about  fourteen  degrees  south-west  from  the  bright 
star  Arcturus. 

Ceres  is  in  opposition  April-6,  at  7h.  8',  p.  m. 
Right  ascension  13h.  23'  40".  Declination  7°  54' 
north.  It  passes  the  meridian  at  midnight,  at  an 
altitude  of  nearly  forty-six  degrees.  It  will  then 
be  seen,  by  means  of  a  telescope,  at  about  twelve 
degrees  south-west  from  Arcturus. 

The  planet  Vesta  is  not  in  opposition  to  the  sun 
this  year. 

5.  Jupiter. 

During  the  months  of  January  and  February 
this  planet  will  be  chiefly  seen  in  the  morning. 
On  the  I2th  January  it  rises  about  midnight,  a 
little  to  the  south  of  the  eastern  point  of  the  hori- 
zon, and  comes  to  the  meridian  at  forty  minutes 
past  five  in  the  morning,  at  an  altitude  of  about 
thirty-two  degrees.  On  the  12th  March  it  rises 
at  eight  in  the  evening,  and  will  be  seen  near  the 
south-east  part  of  the  heavens  about  eleven  and 
tweJve  o'clock,  p.  m.  On  the  3d  April,  it  is  in 
opposition  to  the  sun,  when  it  rises  about  half  past 
six,  p.  M.,  and  comes  to  the  meridian  about  mid- 
night. From  this  period  it  will  form  a  conspicu- 
ous object  in  the  evening  sky  until  near  the  end 
of  September.  It  arrives  at  its  conjunction  with 
the  sun  on  the  22d  October,  after  which  it  will  be 
seen  only  in  the  morning  throughout  the  month 
of  December  and  the  latter  part  of  November. 
On  the  20th  March,  at  one  o'clock  in  the  morning, 
all  the  satellites  of  Jupiter  will  appear  on  the  east, 
or  right-hand  side  of  the  planet,  in  the  order  of 
their  distances  from  Jupiter.  The  same  phenom- 
enon will  happen  on  August  1,  at  forty-five  min- 
utes past  eight,  and  20th  September,  at  7h.,  p.  m. 

6.  Saturn. 

This  planet  will  be  visible  only  in  the  morning 
during  the  months  of  January,  February  and 
March,  and  will  then  be  seen  toward  the  southern 
and  south-eastern  parts  of  the  sky.  On  the  first 
of  February  it  will  rise,  about  half  past  two  in 
the  morning,  near  the  south-east,  and  will  come 
to  the  meridian  at  forty-nine  minutes  past  seven, 
at  an  elevation  of  eighteen  degrees  above  the  ho- 
rizon. On  the  first  of  April  it  will  rise  at  forty- 
two  minutes  past  eleven  in  the  evening,  and  wiU 
pass  the  meridian  a  few  minutes  before  four  in  the 
morning.     It  will  be  in  opposition  to  the  sun  on 


the  29th  May,  when  it  viill  rise  in  the  south-east 
at  forty-five  minutes  past  seven,  p.  m.,  and  will 
pass  the  meridian  at  midnight,  at  an  altitude  of 
eighteen  and  a  half  degt;ec8  above  the  southern 
point  of  the  horizon.  This  will  be  a  favorable 
opportunity  for  viewing  its  ring  with  good  tele- 
scopes, when  it  will  appear  nearly  in  its  full  ex- 
tent, as  represented  Fig.  65,  p.  71.  From  this 
period  Saturn  will  generally  be  visible  in  the  eve- 
ning until  about  the  end  of  October,  when  its  low 
altitude  and  its  proximity  to  the  sun  will  prevent 
its  being  distinguished  by  the  naked  eye.  About 
the  middle  of  August,  at  nine  o'clock  in  the  eve- 
ning, it  will  be  seen  near  the  south-west  at  a 
small  elevation  above  the  horizon.  It  will  be  in 
conjunction  with  the  sun  on  the  fifth  December, 
after  which  it  will  be  invisible  to  the  naked  eye 
until  the  beginning  of  1840. 

7.  Uranus. 

This  planet  will  be  in  opposition  to  the  sun  on 
the  7th  of  September,  at  30  minutes  past  seven 
in  the  evening.  Right  ascension  23h.  4',  or  346^ 
cast  from  the  point  Aries,  reckoned  on  the  equa- 
tor. South  declination  6°  521/2'.  It  will  come 
to  the  meridian  at  midnight  at  an  elevation  of  31^ 
8'  above  the  horizon.  At  this  time  it  is  in  the 
immediate  vicinity  of  the  star  Phi,  Aquarii.  On 
the  25th  of  August,  at  20  minutes  past  one  in  the 
morning,  it  is  in  conjunction  with  thi.3  star,  being 
only  15  or  one-quarter  of  a  degree  to  the  north 
of  it,  at  which  time  the  planet  and  the  star,  if 
viewed  with  a  telescope  of  moderate  power,  will 
both  appear  in  the  field  of  view.  The  months  of 
August,  September,  October,  and  November  will 
be  the  most  eligible  periods  for  detecting  this  planet 
with  the  telescope.  On  the  1st  of  November  it 
passes  the  meridian  at  15  minutes  past  eight  in  tin 
evening,  at  an  altitude  of  30^^  degrees. 

N.  B. — The  preceding  descriptions  of  planetary 
phenomena  are  chiefly  intended  to  inform  com- 
mon observers  as  to  the  seasons  of  the  year  when 
the  difi'erent  planets  may  be  seen,  and  the  quar- 
ters of  the  heavens  to  which  they  are  to  direct 
their  attention  in  order  to  distinguish  them. 

It  may  not  be  improper  to  observe,  that  the 
planets  in  general  cannot  be  distinguished  by  the 
naked  eye  for  about  a  month  before  and  after  their 
conjunctions  with  the  sun,  except  Venus,  which 
may  frequently  be  seen  within  a  week  before  and 
after  its  inferior  conjunction.  But  this  planet  will 
sometimes  be  invisible  to  the  naked  eye  for  a 
month  or  two  after  its  svperior  conjunction  with 
the  sun. 

Should  the  above  descriptions  of  celestial  phe- 
nomena prove  acceptable  to  general  readers,  they 
may  be  continued  in  future  years. 
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PREFACE. 


The  favorable  reception  which  the  volume  entitled  "  Celestial  Scenery,"  has  met 
with  from  the  public,  both  in  Britain  and  America,  has  induced  the  Author  to  extend 
his  survey  to  other  sublime  scenes  connected  with  the  science  of  Astronomy.  The 
chief  object  of  the  work  alluded  to,  was  to  illustrate,  more  fully  than  had  previously 
been  attempted,  the  scenes  connected  with  the  planetary  system.  In  the  present 
volume,  the  Author  has  directed  the  attention  of  his  readers  to  scenery  of  a  still 
more  elevated  and  sublime  description,  connected  with  the  "  Sidereal  Heavens."  All 
the  facts  related  to  this  subject,  which  can  be  considered  as  interesting  to  general 
readers,  have  been  particularly  detailed,  and  in  such  a  manner  as  to  be  generally 
comprehensible  by  those  who  have  little  knowledge  of  mathematical  science,  or  the 
more  abstruse  parts  of  astronomy. 

In  describing  such  sublime  scenes  as  are  here  unfolded,  the  Author,  as  on  former 
occasions,  has  freely  indulged  in  such  remarks  and  moral  reflections  as  were  naturally 
suggested  by  the  grandeur  of  his.  subject;  and  has  endeavored  to  lead  the  minds  of 
his  readers  to  the  contemplation  of  the  attributes  and  the  agency  of  that  Almighty 
Being,  by  whom  the  vast  system  of  universal  nature  was  at  first  brought  into 
existence,  and  by  whose  superintending  care  it  is  incessantly  conducted  in  all  ita 
movements. 

The  subject  of  a  plurality  of  worlds  has  been  resumed,  and  additional  arguments, 
both  from  reason  and  revelation,  have  been  brought  forward  so  as  to  exhibit  this 
position,  not  merely  as  conjectural  or  highly  probable,  but  as  susceptible  of  moral 
demonstration.  For  the  gratification  of  amateur  observers  possessed  of  telescopes, 
particular  descriptions  have  been  given  of  the  230sitio)is  or  some  of  the  more  remarka- 
ble phenomena  in  the  sidereal  heavens,  that  they  may  be  induced  to  contemplate  them 
with  their  own  eyes.  For  a  similar  reason,  the  Author  has  described  the  various 
aspects  of  the  heavens  throughout  the  year,  and  the  position  of  the  planets  for  1840 
and  1841.  As  the  subject  of  comets  was  unavoidably  omitted  in  the  preceding 
volume,  the  Author  has  condensed,  in  the  concluding  chapter,  the  greater  part  of  the 
facts  which  have  been  ascertained  respecting  the  nature,  phenomena,  and  influence  of 
those  anomalous  bodies. 

It  was  originally  intended,  had  the  limits  of  the  present  volume  permitted,  to  direct 
the  attention  of  the  student  to  other  suljjects  related  to  the  scenery  of  the  heavens, 
and  to  the  construction  and  application  of  some  of  those  instruments  which  are 
devoted   to    celestial  observations.      Should  the  work  now  published   meet  with   a 

favorable  reception,  the  Author  intends — in  a  smaller  volume  than  the  present to 

elucidate  some   of  the  subjects  to   which   he  alludes,   especially  the  following: the 

construction  and  use  of  optical  instruments,  particularly  the  reflecting  and  achromatic 
telescope,  and  the  equatorial.  As  the  Author  has  performed  a  great  variety  of  expe- 
riments in  relation  to  such  instruments,  he  hopes  to  have  it  in  his  power  to  suggest 
some  new  and  useful  hints  in  reference  to  their  construction  and  improvement  Tho 
Vol.  II.— 20  C  m  > 
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doctrine  of  eclipses  and  occultations,  the  precession  of  the  equinoxes,  &c. — the  con- 
struction of  observatories,  and  the  manner  of  using  astronomical  instruments, — the 
desiderata  in  astronomy,  and  the  means  by  which  the  progress  of  the  science  may  be 
promoted, — the  practical  utility,  physical  and  moral,  of  astronomical  studies,— their 
connection  with  religion,  and  the  views  they  unfold  of  the  attributes  and  the  empke 
of  the  Creator,  with  several  other  correlative  toitics,  will  likewise  be  the  subject  of 
consideration.  The  whole  to  be  illustrated  with  appropriate  engravings,  many  of 
^hich  will  be  original. 
BaocaniY  Ferry,  neak  Dundee, 
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In  a  work  lately  published  under  the  title  of 
"Celestial  Scenery,"  I  endeavored  to  exhibit  a 
pretty  full  display  of  all  the  prominent  facts  con- 
■  aected  with  the  motions,  distances,  magnitudes, 
and  otlier  phenomena  of  the  planets,  both  primary 
and  secondary,  and  of  the  observations  and  rea- 
sonings by  wliieh  they  are  supported.  These  bo- 
dies forming  a  part  of  the  solar  system  to  which 
we  belong,  and  lying  within  the  limits  of  measu- 
rable distance,  can  be  more  distinctly  surveyed, 
and  their  magnitudes  and  other  phenomena  more 
accurately  investigated,  than  those  of  the  remoter 
orbs  of  tiie  firmament.  Hence,  in  consequence 
of  the  accurate  observations  of  modern  times,  we 
can  now  speak  with  a  degree  of  certainty  and  pre- 
cision respecting  their  order  and  arrangement, 
their  periodical  revolutions,  their  distances  from  the 
sphere  we  occupy  and  from  the  center  of  the  sys- 
tem, their  real  bulk,  the  appearance  of  their  sur- 
faces, and  the  objects  which  diversify  their  respec- 
tive firmaments.  But  when  we  pass  the  boundary 
of  the  planetary  system,  and  attempt  to  explore 
tlie  orbs  which  lie  beyond  it,  we  have  to  travel,  as 
it  were,  through  dark  and  pathless  regions,  we 
have  to  traverse  an  immense  interval  which  has 
hitherto  bafiled  all  the  efforts  of  human  science 
and  ingenuity  to  determine  its  extent.  The  fixed 
stars  lie  completely  beyond  the  dominions  of  the 
sun;  they  feel  not  his  attractive  influence,  they  re- 
volve not  around  him  as  a  center,  nor  are  they 
enlightened  by  his  effulgence.  It  follows  that  our 
knowledge  of  those  remote  luminaries  must  be  ex- 
tremely imperfect,  and  our  views  of  the  distant  re- 
gions in  which  they  are  placed  comparatively 
limited  and  obscure. 

But  notwithstanding  the  immeasurable  distance 
of  the  starry  regions,  and  the  limited  nature  of 
human  vision,  we  are  not  altogether  ignorant  of 
those  remote  and  unexplored  dominions  of  Omnip- 
otence, or  of  the  magnitude  and  splendor  of  Ihe 
bodies  they  contain.  The  telescope  has  enabled 
us  to  penetrate  the  vast  spaces  of  the  universe, 
and  has  opened  a  vista  through  which  thousands 
of  suns  and  systems  are  distinctly  beheld,  which 
would  otherwise  have  been  forever  vailed  from 
the  view  of  mortals.  It  has  extended  the  bound- 
aries of  our  vision  thousands  of  times  beyond  its 
natural  limits,  and  collected  the  scattered  rays  of 
light  from  numerous  distant  orbs,  which,  without 
its  assistance,  would  never  have  entered  our  eyes. 
It  has  served  the  purpose  of  a  celestial  vehicle  to 
carry  us  toward  the  heavens,  and  has  produced  the 
same  effect  on  our  visual  powers  as  if  we  had  been 
actually  transported  thousands  of  millions  of  miles 
nearer  the  unexplored  territories  of  creation. 
Guided  by  this  noble  instrument,  scenes  and  ob- 
jects have  been  disclosed  to  view  of  which  former 
generations  could  form  no  conception,  and  which 


lead  the  reflecting  mind  to  the  most  elevated  views 
of  the  perfections  of  the  Deity,  and  to  the  most 
expansive  prospects  of  the  grandeur  and  magnifi- 
cence of  his  empire. 

For  a  considerable  period  after  the  true  system 
of  the  world  was  recognized,  astronomers  were 
disposed  to  consider  the  stars  as  so  many  insulated 
luminaries,  scattered  almost  at  random  tliroughout 
the  vast  spaces  of  the  universe.  Having  en- 
gaged in  no  very  extensive  surveys  of  the  celestial 
vault,  and  resting  contented  with  the  idea  that  the 
stars  were  so  many  suns,  dispersed  in  a  kind  of 
magnificent  confusion  through  the  immensity  of 
space,  they  seemed  to  have  formed  no  conception 
of  any  specific  difl\'rence  in  the  nature  of  these 
bodies,  or  of  any  systematic  arrangement  as  ex- 
isting among  them.  Hence  it  happened  that  no 
discoveries  of  importance  were  made  in  the  region 
of  the  stars,  from  the  time  of  Huygens  and  Cassini 
until  near  the  latterpart  of  the  eighteenth  century; 
so  that  awhole  century  elapsed  witiiout  materially 
enlarging  our  views  of  the  sidereal  heavens  and  of 
the  variety,  order  and  arrangement  of  the  numerous 
bodies  which  every  portion  of  those  expansive  re- 
gions presents  to  view.  During  the  last  sixty  or 
seventy  years,  the  attention  of  astronomers  has  been 
more  particularly  directed  to  sidereal  observations; 
and  among  those  who  have  labored  with  success 
in  this  department  of  astronomical  investigation, 
the  late  Sir  William  Herschel  stands  pre-eminent. 
Fired  with  a  noble  zeal  for  the  improvement  of 
his  favorite  science,  and  for  the  enlargement  of  his 
views  of  the  distant  regions  of  creation,  he  set  to 
work  with  enthusiastic  ardor,  and  constructed 
with  his  own  hands  telescopes  of  a  size  and  mao-- 
nifying  power  far  superior  to  what  had  ever  before 
been  attempted.  Mounted  on  the  top  of  his  forty 
feet  reflecting  telescope,  he  not  only  discovered 
new  bodies  within  the  limits  of  the  planetary  sys- 
tem, but  brought  to  light  innumerable  phenomena 
in  regions  of  the  firmament  where  the  eye  of  man 
had"  never  before  dared  to  penetrate.  He  explored 
theMilky-way  throughout  all  its  profundities,  and 
found  that  whitish  zone  of  the  heavens  to  consist 
of  a  multitude  of  stars  "which  no  man  could  num- 
ber," fifty  thousand  of  them  having  sometimes 
passed  through  the  field  of  his  telescope  in  the  space 
of  an  hour.  During  the  coldness  and  profound 
silence  of  many  sleepless  nights,  he  surveyed  al- 
most every  portion  of  the  celestial  concave,  and 
discovered  more  than  two  thousand  nebula,  or 
starry  systems,  of  various  forms  and  descriptions, 
along  with  multitudes  of  double,  triple,  and  quad- 
ruple stars  which  had  formerly  been  unknown, 
and  ascertained,  from  the  change  of  their  relative 
positions,  some  of  their  real  motions  and  periods 
of  revolution.  After  more  than  half  a  century 
spent  in  unwearied  observations  of  the  heavens, 
(9) 
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this  illuslrious  aslronomer  departed  from  this  earth- 
ly scene,  in  1822,  witliout  iufirmitios  and  without 
pain,  in  the  eighty-fourth  year  of  l)is  age,  leaving 
a  son  to  prosecute  his  labors  indued  with  virtues 
and  talents,  worthy  of  his  father,  and  whose  ob- 
servations and  researches  liave  already  enriched 
the  science  of  astronomy,  and  extended  our  views 
of  the  sidereal  system. 

Tliis  department  of  astronomical  science  may  be 
considered  as  still  in  its  infancy.  Years,  and 
even  centuries,  must  roll  on,  and  the  number  of 
astronomical  observers  must  be  increased  a  hun- 
dred-fold, before  the  sidereal  investigations  now 
going- forward  can  be  nearly  completed.  A  more 
extensive  knowledge  of  the  history  of  the  heavens, 
of  the  bodies  whicii  lie  hid  in  the  yetunexplored  re- 
gions of  space,  and  of  the  changes  and  diversified 
motions  to  which  they  are  subject,  is  doubtless  re- 
served for  generations  to  come;  and  from  the  at- 
tention which  has  lately  been  paid  to  this  subject, 
and  the  ardorwith  which  it  is  now  prosecuted  in 
different  parts  of  the  world,  we  have  reason  to 
expect  that  new  scenes  ofdivins  wisdom  and  om- 
nipotence vi'ill  be  gradually  unfolding,  and  new 
and  interesting  results  deduced  from  the  noctur- 
nal labors  of  those  who  have  devoted  themselves 
to  celestial  investigations.  To  what  extent  our 
knowledge  of  the  objects  of  this  science  may  yet 
reach,  it  is  impossible  for  us  to  anticipate.  The 
objects  in  the  heavens  present  a  scene  wiiich  is 
absolutely  boundless,  —  which  all  the  generations 
of  men  that  may  arise  until  the  termination  of  our 
terrestrial  system  will  never  be  able  fully  to  ex- 
plore; a  scene  which  will  doubtless  engage  the 
study  and  contemplation  of  numerous  orders  of 
intellectual  beings  throughout  all  the  revolutions 
of  eternity.  >. 

In  the  following  work,  I  propose  to  give  only  a 
Very  condensed  view  of  the  leading  objects  which 
have  been  lately  discovered  in  the  sidereal  heavens. 
The  facts  in  relation  to  this  subject  will  be  select- 
ed chiefly  from  the  obsei-vations  of  Sir.  W.  Her- 
scliel,  and  several  other  astronomers,  and  some  of 


tliem  from  personal  observation.  Most  of  the 
facts  to  which  I  allude  were  ascertained  by  Sir 
W.  Herschel  by  means  of  telescopes  of  great  size 
and  power,  and  a  considerable  number  of  the 
double  and  triple  stars,  stellar  and  planetary  neb- 
ula;, and  other  phenomena,  cannot  be  perceived 
with  instruments  of  an  ordinary  size  Certain 
interesting  facts,  too,  particularly  with  regard  to 
the  motions  of  double  stars,  have  lately  been 
brought  to  light  by  the  observations  of  Sir  John 
Ilerschel,  made  in  the  southern  hemisphere;  but 
the  bodies  to  which  I  allude  cannot  be  seen  in  the 
northern  latitudes  in  which  we  reside.  A  con- 
siderable portion  therefore  of  our  information 
on  this  subject  must  necessarily  depend  on  the  ob- 
seiTations  of  the  astronomers  to  whom  I  allude, 
and  the  statements  they  have  published  to  the 
world;  but  these  observations  have,  for  the  most 
part  been  abundantly  verified  by  other  obser- 
vers. 

It  shall  be  our  endeavor  to  state  the  prominent 
facts  connected  with  the  sidereal  heavens  in  as 
plain  and  perspicuous  a  manner  as  possible;  and 
while  it  forms  no  part  of  our  plan  to  frame  hy- 
potheses, or  launch  out  into  theoretical  disquisi- 
tions,  we  shall  offer  those  remarks,  and  freely  in- 
dulge in  those  moral  reflections,  whicli  the  con- 
templation of  such  august  objects  are  calculated 
to  suggest.  The  scenes  we  intend  to  exhibit  are 
not  only  the  workmanship  of  God,  but  display 
the  glory  of  his  attributes  and  the  magnificence 
of  his  empire  in  a  degree,  and  upon  a  scale,  far 
surpassing  what  can  be  seen  in  any  other  depart- 
ment of  creation;  and  therefore,  in  all  our  surveys 
of  those  grand  and  multifarious  objects,  we  ought 
invariably  to  connect  our  views  and  investigations 
with  the  supreme  agency  of  Him  who  brought 
them  into  existence,  and  to  cherish  those  senti- 
ments and  emotions  which  may  inspire  us  with 
reverence  and  adoration  of  that  glorious  and  in- 
comprehensible Being  "by  whom  the  worlds  were 
framed,"  "who  created  all  things,  and  for  whose 
pleasure  they  are  and  were  created." 


CHAPTER   I. 


A  GENERAL   VIEW  OF  THE   STARRY   HEAVENS,  WITH   REPRESENTATIONS 
OF   DETACHED  PORTIONS  OF  THE  FIRMAMENT. 


If  we  could  suppose  a  community  of  rational  be- 
ings to  have  lived  for  ag'es  in  some  subterraneous 
grottos  far  beneath  the  surface  of  the  earth,  and 
never  to  have  visited  the  exterior  portions  of  our 
globe,  their  ideas  must  have  been  extremely  cir- 
cumscribed, and  their  enjoyments  extremely  im- 
perfect, even  although  they  had  been  furnished 
with  everything  requisite  for  their  animal  subsist- 
ence. Could  we  imagine  that  such  beings  were  all 
at  once  transported  to  the  surface  of  tlie  earth,  with 
what  astonishment  and  wonder  would  tliey  be 
seized  when  they  beheld  the  expansive  landscape 
of  the  world,  the  lofty  mountains  towering  to  the 
clouds,--the  hills  crowned  with  magnificent  forests, 
— the  plains  stretching  to  the  boundaries  of  the  ho- 
rizon, and  adorned  with  colors  of  every  shade, — 
the  expansive  lake,  like  a  magnificent  mirror,  em- 
bosomed among  the  hills, — the  rivers  rolling  their 
watery  treasures  toward  the  ocean, — and  the  sun 
in  the  firmament  revolving  around  the  circuit  of 
the  sky,  diffusing  his  light  and  heat  on  every  sur- 
rounding object!  Above  all,  with  what  emotions  of 
admiration  would  they  be  filled  when  they  beheld 
the  solar  globe  descending  below  the  western  hori- 
ton,  and  soon  after  the  moon  displaying  her  silver 
crescent  in  the  sky,  and  the  stars,  one  after  another, 
emerging  from  the  blue  ethereal,  until  the  whole 
celestial  concave  appeared  all  over  spangled  willi 
a  thousand  shining  orbs,  emitting  their  radiance 
from  every  part  of  the  cope  of  heaven,  and  all 
moving,  with  an  apparently  slow  and  silent  mo- 
tion, along  the  spaces  of  the  firmament!  Such 
expansive  and  novel  scenes  would  undoubtedly 
overwhelm  the  ficulties  of  such  beings  with 
astonishment,  and  transport,  and  wonder  inex- 
pressible. 

We  are  placed,  perhaps,  in  a  situation  nearly 
similar  in  regard  to  the  remote  regions  of  the  uni- 
verse, as  the  beings  we  have  supposed  were  situ- 
ated with  respect  to  the  ample  prospects  we 
enjoy  on  the  surface  of  our  globe.  Were  such 
beings,  from  their  subterranean  abodes,  to  look 
through  a  narrow  funnel  which  presented  them 
with  a  feeble  glimpse  of  our  upper  world,  and  of 
a  portion  of  the  sky,  the  view  thus  obtained 
would  somewhat  resemble  the  partial  glimpse  we 
liave  yet  acquired  of  the  splendor  and  sublimities 
of  the  distant  universe;  and  were  we  transported 
to  those  far  distant  scenes,  which  appear  through 
our  telescopes  only  like  dim  specks  of  light,  we 
should,  doubtless,  bo  as  much  overpov/ered  with 
astonishment  and  wonder  at  the  magnificent 
scenes  which  would  open  to  our  view,  as  our 
supposed  subterraneous  inhabitants  could  be  at 
the  amplitude  and  grandeur  of  our  terrestrial 
abode. 

In  our  present  habitation  we  are  confined  to  a 
mere  point  in  the  infinity  of  space.  Ample  as 
our  prospects  are,  it  is  not  improbable  that  the 
views  we  have  already  attained  bear  a  less  propor- 
tion to  the  whole  immensity  of  croation  than  the 


limited  range  of  a  microscopic  animalcule  bears 
to  the  wide  expanse  of  the  ocean.  What  is  seen 
by  human  eyes,  even  when  assisted  by  the  most 
powerful  instruments,  may  be  as  nothing  when 
compared  to  what  is  unseen  and  placed  forever 
beyond  the  view  of  mortals.  Since  the  heavens 
first  began  to  be  contemplated,  our  views  have 
been  carried  thousands  of  times  further  into  the 
regions  of  space  than  the  unassisted  eye  could 
enable  us  to  penetrate;  and  at  every  stage  of  im- 
provement in  optical  tiistruments  our  prospects 
have  been  still  further  extended,  new  objects  and 
now  regions  of  creation  have  appeared  rising  to 
view,  in  boundless  perspective,  in  every  direction, 
without  the  least  indication  of  a  houndanj  to  the 
operations  of  Omnipotence;  leaving  us  no  room 
to  doubt  that  all  we  have  hitherto  discovered  is 
but  a  small  and  inconsiderable  part  of  the  length 
and  breadth,  and  the  hight  and  depth  of  immen- 
sity. Wc  may  suppose,  without  the  least  degree 
of  improbability  or  extravagance,  that,  were  the 
whole  of  the  visible  system  of  creation  annihilated, 
though  it  would  leave  a  void  immeasurable  and 
incomprehensible  by  mortals,  it  would  appear  to 
the  eye  of  Omniscience  only  us  an  inconsiderable 
blank  scarcely  discernible  amidst  the  wonders  of 
wisdom  and  omnipotence  with  v^hicli  it  is  sur- 
rounded. 

Such  views  and  deductions  have  been  derived 
from  attentive  surveys  of  the  Starry  Heavens. 
These  heavens  present,  even  to  the  untutored 
observer,  a  sublime  and  elevating  spectacle.  He 
beholds  an  immense  concave  hemisphere,  sur- 
rounding the  earth  in  ewery  region,  and  resting, 
as  it  were,  upon  the  circle  of  the  horizon. 
Wherever  he  roams  abroad,  on  the  surface  of  the 
land  or  of  the  ocean,  this  celestial  vault  still  ap- 
pears encompassing  the  world;  and  after  travel- 
ing thousands  of  miles,  it  seems  to  make  no 
nearer  an  approach  than  when  the  journey  com- 
menced. From  every  quarter  of  this  mighty  arch 
numerous  lights  are  displayed,  moving  onward  in 
solemn  silence,  and  calculated  to  inspire  admira- 
ration  and  awe.  Even  tlie  rudest  savages  have 
been  struck  with  admiration  at  the  view  of  the 
nocturnal  heavens,  and  have  regarded  the  celestial 
luminaries  either  as  the  residences  of  their  gods, 
or  the  arbiters  of  their  future  destinies. 

But  to  minds  enlightened  with  the  discoveries 
of  science  and  revelation  the  firmament  presents 
a  scene  incomparably  more  magnificent  and 
august.  Its  concave  rises  toward  immensity,  and 
stretches,  on  every  hand,  to  regions  immeasurable 
by  any  finite  intelligence;  it  opens  to  the  view  a 
glimpse  of  orbs  of  inconceivable  magnitude  and 
grandeur,  and  arranged  in  multitudes  which  no 
man  can  number,  which  havo  diffused  their  radi- 
ance on  the  earth  during  hundreds  of  generations; 
it  opens  a  vista  which  carries  our  views  into  the 
regions  of  infinity,  and  exhibits  a  sensible  display 
of  the  immensity  of  space,  aud  of  the  boundloss 
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operations  of  Omnipotence;  it  demonstrates  the 
existence  of  an  eternal  and  incompreliensible 
Divinity,  wlio  presides  in  all  the  grandeur  of  his 
attributes  over  an  unlimited  empire  ;  it  over- 
whelms the  contemplative  mind  with  a  display 
of  the  riches  of  his  wisdom  and  the  glories  of  his 
Omnipotence;  it  directs  our  prospects  to  the  re- 
gions of  other  worlds,  where  ten  thousand  times 
ten  thousands  of  iiitidligences,  of  various  orders, 
experience  the  effects  of  divine  love  and  benefi- 
cence. Amidst  the  silence  and  the  solitude  of  the 
midnight  scene,  it  inspires  the  soul  with  a  solemn 
awe  and  witSi  reverential  emotions  ;  it  excites 
admiration,  astonishment,  and  wonder  in  every 
reflecting  iniud,  and  has  a  tendency  to  enkindle 
the  fire  of  devotion,  and  to  raise  the  affections  to 
that  incfTable  Being  who  presides  in  higii  author- 
ity over  all  its  movements.  While  contemplating, 
with  the  eye  of  intelligence,  this  immeasurable 
expanse,  it  teaches  us  the  littleness  of  man,  and 
of  all  that  earthly  pomp  and  splendor  of  which 
he  is  so  proud;  it  shows  us  that  this  world,  with 
all  its  furniture  and  decorations,  is  but  an  almost 
invisible  speck  on  the  great  map  of  the  universe; 
and  that  our  tlioughts  and  affections  ought  to 
soar  above  all  its  sinful  pursuits  and  its  transitory 
enjoyments.  In  short,  in  this  universal  temple, 
hung  with  innumerable  lights,  we  behold,  with 
the  eye  of  imagination,  unnumbered  legions  of 
bright  intelligences,  unseen  by  mortal  eyes,  cele- 
brating in  ecstatic  strains,  the  perfections  of  Him 
who  is  the  creator  and  governor  of  all  svorlds, — 
we  are  carried  forward  to  an  eternity  to  come, 
amidst  whose  scenes  and  revolutions  alone  the 
magnificent .  objects  it  contains  can  be  contem- 
plated in  all  their  extent  and  grandeur. 

It  is  an  evidence  of  the  depraved  and  groveling 
dispositions  of  man  that  the  firmament  is  so  sel- 
dom contemplated  with  the  eye  of  reason  and 
devotion.  No  other  studies  can  present  an  assem- 
blage of  objects  so  wonderful  and  sublime;  and 
yet,  of  all  the  departments  of  knowledge  which 
are  generally  prosecuted,  no  one  is  so  little  under- 
stood or  appreciated  by  the  bulk  of  mankind  as 
the  science  of  the  heavens.  Were  it  more  gene- 
rally studied,  or  its  objects  were  frequently  con- 
templated, it  would  have  a  tendency  to  purify  and 
elevate  the  soul,  to  expand  and  ennoble  the  intel- 
lectual faculty,  and  to  supply  interesting  topics 
for  conversation  and  reflection.  The  objects  in 
the  heavens  are  so  grand,  so  numerous,  so  diversi- 
fied, and  so  magnificent,  both  in  their  size  and  in 
the  rapidity  of  their  motions,  that  there  appears 
no  end  to  speculation,  to  inquiry,  to  conjecture, 
to  incessant  admiration.  There  is  ample  room 
for  all  the  faculties  of  the  briglitest  genius  to  be 
employed,  and  to  expatiate  in  all  their  energy  on 
this  boundless  theme;  and  were  they  thus  em- 
ployed more  frequently  than  they  are,  our  views 
of  the  arrangement,  and  the  nature  of  the  magni- 
ficent globes  of  heaven,  might  be  rendered  still 
more  definite  and  expansive. 

While  contemplating  the  expanse  of  the  starry 
heavens,  the  mind  is  naturally  led  into  a  boundless 
train  of  speculations  and  inquiries.  Where  do 
these  mighty  heavens  begin,  and  where  do  they 
end?  Can  imagination  fathom  their  depth,  or 
human  calculations  and  figures  express  their  ex- 
tent ?  Have  angels  or  archangels  ever  winged 
their  flight  across  the  boundaries  of  the  firma- 
ment? Can  the  highest  created  beings  measure 
the  dimensions  of  those  heavens,  or  explore  them 
tlicoughout  all  their  departments  ?  Is  there  a 
boundary  to  creation  beyond  which  the  energies 
of  Omnipotence  are  unknown,  or  does  it  extend 
throughout  the  infinity  of  space?  Is  the  immense 


fabric  of  the  universe  yet  completed,  or  is  almighty 
power  still  operating  throughout  the  boundless 
dimensions  of  space,  and  new  creations  still  starl- 
ing into  existence?  At  what  period  in  duration 
did  this  mighty  fabric  commence,  and  when  will 
it  be  completed?  Will  a  period  ever  arrive  when 
the  operations  of  creating  power  shall  cease,  or 
will  they  be  continued  throughout  all  the  revolu- 
tions of  eternity?  What  various  orders  of  intel- 
lectual beings  people  the  vast  regions  of  the  uni- 
verse? With  what  mental  energies  and  corporeal 
powers  are  they  endowed?  Are  they  confined  to 
one  region  of  space,  or  are  they  invested  with 
powers  of  locomotion,  which  enable  them  to  wing 
their  flight  from  world  to  word?  Are  they  making 
rapid  advances,  from  age  to  age,  in  intellectual 
improvement?  Has  moral  evil  ever  njade  inroads 
into  those  remote  regions  of  creation,  or  are  all 
their  inhabitants  confirmed  in  a  state  of  innocence 
and  bliss?  Is  their  history  diversified  by  new  and 
wonderful  events,  and  do  changes  and  revolutions 
happen  among  them?  Are  all  the  tribes  of  intel- 
lectual natures  throughout  creation  connected 
together  by  certain  relations  and  bonds  of  union, 
and  will  a  period  ever  arrive  in  the  future  revolu- 
tions of  eternity  when  tiiey  shall  have  had  an  in- 
timate correspondence  with  one  another?  These, 
and  hundreds  of  similar  inquiries,  are  naturally 
suggested  by  serious  contemplations  of  the  objects 
connected  with  the  starry  heavens,  and  they  liave 
a  tendency  to  lead  the  mind  to  sublime  and  inte- 
resting trains  of  thought  and  reflection,  and  to 
aflbrd  scope  for  the  noblest  energies  of  the  human 
soul. 

But  leaving  such  reflections,  in  the  meantime, 
let  us  now  take  a  general  view  of  the  starry 
heavens  as  they  appear  to  the  eye  of  a  connnoii 
spectator. 

When  an  untutored  observer  attempts  to  take 
a  serious  survey  of  the  starry  firmament  for  the 
first  time,  he  is  apt  to  be  bewildered  at  the  idea  of 
the  immense  multitude  of  stars  which  seem  to 
present  themselves  in  every  part  of  the  sky,  and 
the  aiiparent  confusion  with  which  they  seem  to 
be  arranged.  He  is  apt  to  think  that  they  are 
absolutely  innumerable,  and  that  all  attempts  to 
enumerate  or  to  classify  them  would  be  in  vain. 
7'here  is  something  so  magnificent  and  overpow- 
ering in  a  cursory  view  of  a  clear  starry  sky,  that 
tho  mind  shrinks  from  the  idea  of  ever  being 
able  to  form  a  distinct  conception  of  the  number 
and  order  of  those  luminous  orbs,  or  of  their  dis- 
tances and  magnitudes;  but  the  genius  and  indus- 
try of  man  have,  in  numerous  instances,  accom- 
plished what  at  first  view  appeared  beyond  the 
reach  of  the  human  faculties.  All  the  stars 
visible  to  the  naked  eye  have  been  numbered,  and 
their  relative  positions  determined,  with  as  much 
precision  as  the  longitudes,  latitudes,  and  bearings 
of  places  on  the  surface  of  tlie  globe;  and  there 
is  not  a  star  visible  to  the  unassisted  eye,  but  its 
precise  position  can  be  pointed  out,  not  only  du- 
ring the  shades  of  night,  but  even  during  the  day, 
when  the  sun  is  shining  in  all  its  splendor. 

In  order  to  prevent  confusion  in  our  first  sur- 
veys of  the  starry  heavens,  let  us  fix  upon  a  cer- 
tain portion  of  the  firmament,  and  the  more 
conspicious  stars  which  lie  in  its  immediate  vi- 
cinity. Let  us  suppose  ourselves  contemplating 
the  heavens  about  the  middle  of  January,  at  eight 
o'clock  in  the  evening,  in  the  latitude  5'J°  north. 
At  that  time,  if  we  turn  our  faces  toward  the 
south,  we  shall  behold  the  splen<iid  constellation 
of  Orion  a  little  to  the  east  of  the  meridian,  or 
nearly  approaching  the  south.  This  constellation 
forms  one  of  the   most   striking  and  beaHtifuI 
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clusters  of  stars  in  the  heavens,  and  is  gene- 
rally recognized  even  by  common  observers.  It 
is  distinguished  by  four  brilliaut  stars  in  the  form 
of  an  oblong,  or  parallelogram  ;  and  particularly 
by  three  bright  stars  in  a  straight  line  near  the 
middle  of  the  square,  or  parallelogram,  which  are 
known  by  the  names  of  "  the  Three  Kings,"  or 
the  "  Ell,"  or  "Yard."  They  are  also  termed 
Orion's  belt;  and  in  the  book  of  Job,  "  the  bands 
of  Orion;"  and  the  space  they  occupy  is  exactly 
three  degrees  in  length.  Tlie  line  passing  through 
these  stars  points  to  the  Pleiades,  or  seven  stars, 
on  the  one  side,  and  to  Sirius,  or  the  Dog  Star, 
on  the  other.  The  equinoctial  circle  passes  through 
the  uppermost  of  these  stars,  which  is  called 
Mintika.  The)'  are  situated  about  eight  degrees 
west  from  the  solstitial  colure  or  that  great  circle 
which  passes  through  the  poles  of  the  heavens, 
and  the  first  points  of  Cancer  and  Capricorn,  in 
which  the  sun  is  in  his  greatest  declination  north 
and  south,  which  happens  on  the  21st  of  June 
and  21st  of  December.  There  is  a  row  of  small 
stars  which  run  down  obliquely  below  the  belt, 
and  ieem  to  hang  from  it,  which  is  denominated 
the  sicord  of  Orion.  About  the  middle  of  this 
row  of  stars  there  is  perceived,  by  means  of  the 
telescope,  one  of  the  most  remarkable  nebula  in 
the  heavens.  The  whole  number  of  stars  visible 
by  the  naked  eye  in  this  constellation  has  been 
reckoned  at  about  78;  of  which  two  are  of  the 
first  magnitude — namely,  Rigel,  in  the  left  foot 
on  the  west,  and  Betelquese,  on  the  east  shoulder. 
They  are  connected  by  a  line  drawn  through  the 
uppermost  star  of  the  belt.  There  are  four  stars 
of  the  second  magnitude,  three  of  the  third,  and 
fifteen  of  the  fourth;  but  several  thousands  of 
stars  have  been  perceived  by  good  telescopes 
within  the  limits  of  this  constellation. 

North  by  west  of  Orion  is  the  constellation 
Taurus,  or  the  Bull,  one  of  the  signs  of  the 
iodiac.  The  Pleiades,  or  the  seven  stars,  so  fre- 
quently alluded  to  both  in  ancient  and  modern 
times,  form  a  portion  of  this  constellation.  At  the 
time  now  supposed,  they  are  a  very  Httlo  beyond 
the  meridian  to  the  west,  and  about  thirty-seven 
degrees  north  by  west  of  the  belt  of  Orion,  at  an 
elevation  above  the  horizon  of  about  sixty-four 
degrees.  This  cluster  was  described  by  the  an- 
cients as  consisting  of  seven  stars,  but  at  present 
only  six  can  be  distinguished  by  the  naked  eye. 
With  powerful  telescopes,  however,  more  than 
200  stars  have  been  counted  within  the  limits  of 
this  group.  The  Hijades  is  another  cluster,  situ- 
ated about  eleven  degrees  south-east  from  the 
Pleiades,  consisting  chiefly  of  small  stars,  so  ar- 
ranged as  to  form  a  figure  somewhat  like  the 
letter  V.  On  the  left,  at  the  top  of  the  letter,  is  a 
star  of  the  first  magnitude,  named  Aldebaran,  or 
the  Bull's  Eye,  which  is  distinguished  from  most 
of  the  other  stars  by  its  ruddy  appearance.  This 
constellation  is  situated  between  Perseus  and  Au- 
riga on  the  north,  and  has  Gemini  on  the  east, 
Aries  on  the  west,  and  Orion  and  Eridanus  on  the 
Bouth.  It  consists  of  about  14U  stars  visble  to  tho 
naked  eye. 

The  constellation  Gemini  is  situated  north-east 
from  Orion,  and  almost  due  east  from  the  Pleia- 
des,and  is  one  of  the  signs  of  the  zodiac.  It  has 
Cancer  on  the  east,  Taurus  on  the  west,  and  the 
Lynx,  on  the  north.  The  orbit  of  the  earth,  or 
the  apparent  circle  described  by  the  sun  in  his 
annual  course,  passes  through  the  middle  of  this 
constellation.  From  the  2lst  of  June  until  the 
23d  of  July,  the  sun  passes  through  this  sign,  but 
the  stars  of  which  it  is  composed  are  then  invisi- 
ble, being  cverpowered  by  the  superior  brightness 


of  the  solar  rays.  This  constellation  is  easily 
distinguished  by  two  brilliant  stars,  denominated 
Castor  and  Pollux,  which  are  within  five  degrees 
of  each  other.  Castor,  a  star  of  the  first  magni- 
tude, is  the  northernmost  of  the  two;  and  Pollux, 
a  star  of  the  second  magnitude,  is  situated  a  little 
to  the  south-east  of  it.  Castor  is  found  by  the 
telescope  to  be  a  double  star,  the  smaller  one 
being  invisible  to  the  naked  eye  ;  and,  from  a 
long  scries  of  observations,  it  is  found  that  the 
smaller  star  is  revolving  around  the  larger  with  a 
slow  motion,  and  that  a  complete  revolution  will 
occupy  more  than  300  years.  About  twenty  de- 
grees south-west  of  Castor  and  Pollux  are  three 
small  stars,  nearly  in  a  straight  line,  and  about 
three  or  four  degrees  distant  from  each  other. 
The  southernmost  of  the  three  lifs  nearlj'  in  a 
line  with  Pollux  and  the  star  Betelguese,  in  the 
constellation  of  Orion,  but  somewhat  nearer  to 
Eetelguese  than  to  Pollux.  These  stars,  in  the 
hieroglyphic  figure  of  Gemini,  form  the  feet  of 
the  twins. 

Directly  south  of  Gemini  is  the  constellation  of 
Cants  Minor,  or  the  Lesser  Dog.  It  is  situated 
about  midway  between  Gemini  and  Canis  Major, 
or  the  Greater  Dog,  and  has  Hydra  on  the  east, 
and  Orion  on  the  west.  It  consists  of  only  about 
fourteen  stars  visible  to  the  naked  eye,  the  princi- 
pal of  which  is  Procyon,  a  bright  star  between 
the  first  and  second  magnitude.  It  is  almost 
directly  south  from  Pollux,  and  distant  from  it 
about  twenty-four  degrees.  The  next  brightest 
star  in  this  constellation,  which  is  considerably 
smaller  than  Procyon,  is  called  Gomelza,  and  is 
situated  about  four  degrees  north-west  of  Pro- 
cyon. 

South  by  west  of  Canis  Minor,  at  the  distance 
of  nearly  thirty  degrees,  is  Canis  Major,  or  the 
Greater  Dog.  It  is  south-east  from  the  belt  of 
Orion,  and  due  east  from  the  constellation  of  Le- 
pus,  or  the  Hare,  at  the  distance  of  ten  degrees. 
Canis  Major  is  easily  distinguished  by  the  bnl- 
liancy  of  its  principal  star,  Sirius.  which  is  appa- 
rently the  largest  and  brightest  fixed  star  in  the 
heavens,  so  that  it  is  generally  considered  as  one 
of  the  nearest  of  these  distant  orbs,  though  its 
distance  from  the  earth  is  computed  at  not  less 
than  twenty  bdlions  of  miles;  and  a  cannon  ball, 
moving  over  this  immense  space  at  the  rate  of 
nineteen  miles  a  minute,  would  require  more  than 
two  millions  of  years  before  it  could  reach  this 
distant  orb.  Sirius  is  south  by  east  of  Eetelguese 
in  the  left  shoulder  of  Orion,  at  the  distance  of 
twenty-seven  degrees,  and  south-east  from  the 
lower  star  in  the  belt,  at  the  distance  of  twenty- 
three  degrees.  A  line  drawn  through  the  three 
stars  which  form  the  belt,  toward  the  south-east, 
leads  the  eye  directly  to  Sirius,  which,  at  the 
period  and  liour  we  have  stated,  is  about  twelve 
degrees  above  the  south-easterly  point  of  the 
horizon;  a  line  drawn  from  Betelguese  south-east 
toward  Sirius,  and  thence  to  the  north-east,  meets 
Procyon  in  Canis  Minor,  and  continued  nearly 
due  west,  it  again  meets  Betelguese,  so  that  these 
three  stars  seem  to  form  a  large  triangle,  which  is 
nearly  equilateral  Another  triangle  is  formed  by 
drawing  a  line  eastward  from  Betelguese  to  Pro- 
cyon, as  a  base,  from  Procyon  straight  north  to 
Pollux,  and  from  thence  again  south-west  to 
Betelguese,  which  forms  a  right-angled  triangle, 
having  the  right  angle  at  the  star  Procyon,  and 
the  line  extending  from  Pollux  to  Betelguese  forms 
the  hypotenuse. 

In  order  to  render  these  descriptions  more  defi- 
nite, I  have  sketched  in  Plate  I,  a  small  map  of 
this  portion  of  the  heavens,  iu.  which  tlie  princi- 


14 


SIDEREAL  HEAVENS. 


pal  stars  in  the  constellations  above  described  are 
represented.  Tlie  left-hand  side  of  tliis  map 
represents  the  east;  llie  riy/t^hand  side  the  west; 
the  lower  part,  the  south;  and  the  upper  part  the 
north,  or  higher  portion  of  the  heavens.  When 
used  so  as  to  compare  it  with  the  real  firmament, 
the  observer  is  supposed  to  have  his  face  directed 
chiefly  to  the  south  and  the  soutii-eastern  parts 
of  the  sky.  He  may  then  easily  distinguish  the 
principal  stars  laid  down  in  it  by  the  following 
directions: — A  line  drawn  from  A\o  B,  at  the  top  ;  degrees  north-east  from  the  Pleiades,  but  is  ho- 
of the  map,  passes  through  the  star  Castor  in  ■  yond  the  northern  limits  of  the  map.  A  line 
Gemini,  which  is  near  the  left-hand  side.     A  line  >  drawn  from  E  to  F,  passes  through  Aldebaran,  or 

PLATE  I. 


REPKESENTING  A  PORTION  OF  THE  SOUTHEaiN  PART  OF  THE  HEAVENS,  ABOUT  THE  MIDDLE  OF  JANUAUy. 


drawn  from  C  to  D,  passes  through  Pollux  in  tljn 

same  sign,  which  is  four  or  five  degrees  to  thw 
south-east  of  Castor  ;  it  likewisa  passes  near  ^ 
Auriga,  a  star  of  the  second  magnitude,  in  the 
constellation  of  the  Wagoner,  which  is  represented 
near  the  middle  of  the  line.  Almost  directly 
north  from  Auriga,  at  the  distance  of  seventeen 
degrees,  is  the  star  Capelli/,  in  the  same  cunst'..lla- 
tion,  which  is  one  of  the  brighest  stars  in  the 
heavens  next  to  Sirius.     It  is  about  twenty-eight 


the  Bull's  Eye,  and  the  Hyades;  north-west  of 
which  is  the  Pleiades,  or  seven  stars,  near  the 
north-west  part  of  the  map.  A  line  drawn  from 
G  to  H,  passes  through  the  star  Betelguese,  in  the 
cast  shoulder  of  Orion  ;  the  line  from  /  to  K, 
passes  through  Bellutrix,  in  the  west  shoulder,  a 
star  of  th.e  second  magnitude,  somewhat  less  bril- 
liant than  Betelguese,  and  likewise  passes  through 
Prnc^on,  in  Canis  Minor,  which  appears  near  the 
left  side  of  the  map;  and  the  line  from  L  to  M 
passes  through  the  middle  star  of  Orion's  belt. 
The  line  from  JV  to  O  passes  through  Ripd,  in  the 
left  foot  of  Orion,  a  star  of  the  first  magnitui'e 
fifteen  degrees  south  of  B'>llat>ix.  The  line  PQ 
passses  through  Saiph,  a  star  of  the  third  magni- 
tude, in  Orion's  right  knee,  eight  and  a  half  de- 
grees cast  of  Rigel.  The  two  form  the  lower  end 
of  the  parallelogram  of  Orion.  The  line  R  S 
passes  through  the  star  Sirius,  in  Canis  Major, 
which  is  east  by  south  from  Saiph,  at  the  distance 
of  fifteen  degrees.  The  small  stars  to  the  west, 
or  right  hand  of  Sirius  form  a  part  of  the  con- 
stellation of  Iii'pns,  or  the  Hare.  A  line  drawn 
from  T  to  U,  from  the  northern  to  the  southern 
part  of  the  map,  will  point  out  the  position  of  the 


stars  here  represented  with  respect  to  tlie  me- 
ridian, at  the  time  these  observations  are  supposed 
to  be  made.  The  stars  on  the  right  of  this  line 
arc  west  of  the  meridian,  and  all  tiiosj  to  the  left 
aire  to  the  east  of  it. 

By  atti-nding  to  the  above  directions,  and  com- 
paring the  delineations  on  the  nsap  with  the 
heavens,  all  the  stars  and  constellations  noted 
above  may  be  readily  distinguished.  The  triangles 
formed  by  Betelguese,  Procyon,  and  Sirius,  and 
by  Pollux,  FVocyon,  and  Betelguese,  will  likewi.se 
1«  seen  on  th^  map,  as  formerly  describi.'d,  and 
may  be  easily  traced  in  the  heaven'.  Although  I 
have  fixed  on  the  middle  of  January,  at  eight 
o'clock  in  the  evening,  for  these  observations,  yet 
the  same  stars  maybe  traced,  at  different  hours, 
during  the  months  of  November,  December, 
January,  February,  and  March.  About  the  mid- 
dle of  November,  at  midnight,  and  the  middle  of 
December,  at  ten  o'clock,  p.  m.,  this  portion  of  the 
heavens  will  appear  nearly  in  the  same  position 
as  here  repre-^ented.  About  the  middle  of  F'ebru- 
ary,  Orion  will  be  on  the  meridian  about  eight  in 
the  evening;  and  in  the  month  of  March,  at  the 
same  hour,  considerably  to  the  west  of  it;  but  all 
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the  adjacent  stars  and  constellationf!  may  be  traced 
at  this  time  in  the  manner  already  described.  The 
Btars  and  constellations  delineated  on  this  map 
comprehend  a  space  in  the  heavens  extending  in 
breadth,  from  north  to  south,  about  fifty  degrees 
. —  namely,  from  thirty-three  degrees  of  north 
declination   to  seventeen   degrees  south;    and  in 


length,  from  west  to  east,  about  sixty  degrees 
The  equator  runs  through  this  portion  of  the  hea- 
vens in  the  direction  a  b,  or  nearly  corresponding 
to  the  line  L  M,  so  that  it  passes  very  near  to  the 
ujjper  star  in  the  belt  of  Orion.  The  degrees  of 
north  and  south  declination*  from  the  equator  are 
marked  on  the  margin. 


PLATE  II. 

EXHIBrriNG   A    PORTION    OF    THE    CON'STELLATIONS,    AS    SEEN   ABOUT    THE   FIRST   QF    SEPTEMBER. 


Plate.  II  represents  another  portion  of  the  hea- 
vens as  it  appears  about  the  beginning  of  Septem- 
ber. It  includes  some  of  the  larger  stars  belonging 
lO  the  constellations  Cijgnus,  Lyra,  Cerberus, Ser- 
pentarius,  Aqn'ila,  Hercules,  and  Corona  Borealis. 
At  ten  o'clock  in  the  evening  of  the  1st  of  Sep- 
tember, the  star  Altair,  in  the  constellation  of 
Aquila,  or  the  Eagle,  will  be  nearly  on  the  merid- 
ian, at  an  elevation  above  the  horizon  of  about 
forty-six  degrees.  This  star,  which  is  between 
the  first  and  second  magnitude,  is  situated  near 
the  east  or  left-hand  side  of  the  map,  near  the 
bottom,  and  has  a  small  star  to  the  south,  and  an- 
otlier  to  the  north-west  of  it.  A  line  drawn  from 
7' to  L'' passes  through  tfee  star  Altair,  and  a  line 
from  V  to  W  passes  through  the  meridian  at  the 
hour  supposed. 

The  seven  stars  which  are  nearest  Altair,  to- 
ward the  south,  and  west,  and  north-west,  belong 
to  the  constellation  of  Aquila.  All  the  stars  on 
the  map  which  are  to  the  right-hand  of  Altair^. 
are  west  of  the  meridian.  A  line  drawn  from  A' 
to  Y,  near  the  top  of  the  map,  passes  through 
Denib,  a  bright  star  of  the  second  magnitude  in  the 
constellation  of  Cnjgnus,  or  the  Swan,  which  is 
the  star  next  the  left-hand  si.le,  nearly  due  north 
from  Altiir,  at  the  distance  of  thirty-six  degrees; 
the  other  four  stars  adjacent  to  it  belong  to  the 
same  constellation.  A  line  drawn  from  A  \o  B 
pa<ises  through  the  starFe^'a,  or  a  Lyra,,  a  brilliant 


'  star  of  the  first  magnitude  in  the  constellation  of 
i  the  Harp.  The  six  small  stars  to  the  south-east 
I  of  it  likewise  belong  to  this  constellation. — The 
stars  on  the  right,  or  to  the  westward  of  Vega,  be- 
long chiefly  to  the  constellation  of  Hercules.  A 
This  drawn  from  C'to  D  passes  tlirough  the  princi- 
pal star  Corona  Borea'is,  or  the  Northern  Crown, 
named  Alpbacca,  vtluch  is  of  the  tliii'd  mri-gnitude, 
and  near  the  ngiit-hand  side  of  the  map.  The  stara 
north  and  east  from  it  belong  to  the  same  constel- 
lation. West  from  Alphaeca  is  Mirac,  at  the 
distance  of  eleven  degrees;  and  south-west  of  Mirac, 
at  the  distance  of  ten  degrees,  is  Arcfurus,  a  bright 
star  of  the  fiist  magnitude,  which  is  then  about  eigh- 
teen degrees  above-the  western  horizon.  Both  these 
stars  are  in  the  constellation  of  Bootes,  but  they 
are  not  within  the  limits  of  the  map.  A  lin» 
drawn  from  F  to  G  passes  through  Ras  Algcihi, 
a  star  of  the  second  magnitude?,  and  the  principal 
star  in  the  constellation  of  Hercules,  which  is 
twenty-five  degrees  south-east  of  Corona  Borealis. 
A  line  from  if  to  /  passes  through  Ras  Alhaque, 
a  star  of  the  second  magnitude  in  the  head  of  Ser- 
pentarius.     This  star  is  five  degrees  east  by  south 


*  The  dcclinatirm  of  a  heavenly  body  is  its  distance  north 
or  south  from  the  equinoctial,  or  equator,  am!  corresponds  to 
latitude  on  the  terraqueous  jjlobe,  wliich  is  the  distHnce  of  a 
place  from  tlie  equator  Tlie  latitude  of  a  keavcnly  body  is 
its  distance  nortli  or  south  of  the  ecliptic,  or  apparent  path 
of  the  sun,  which  forms  an  angle  of  32 >a  degrees  witli  the 
equinoctial. 
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of  Ras  Algethi.  Most  of  the  other  stars  to  the 
Bouth  and  east  in  the  map  beloi.g-  to  Serpentarius. 
Various  other  remarkable  stars  may  be  seen  at 
this  time  beside  those  noted  in  the  map,  particu- 
larly the  sqnare  of  Pegasus,  or  the  Flying  Horse. 
About  fifty-three  degrees  nearly  east  from  Altair 
is  Markah,  a  star  of  the  second  magnitude;  six- 
teen and  a  half  degrees  east  of  Maikab  is  Aljenib, 
another  star  of  the  second  magnitude;  fourteen 
degrees  north  of  Algenib  is  Alpheralz,  and  four- 
teen degrees  west  of  Alpheratz  is  Schcat,  both  of 
them  stars  of  the  second  magnitude.  These  four 
stars,  of  nearly  equal  magnitudes,  form  the 
Square  of  Pegasus,  and  appear  nearly  half-way 
between  the  eastern  horizon  and  the  meridian. 

All  the  stars  alluded  to  above  may  likewise  be 
seen  during  the  months  of  July  and  August,  when 
they  will  appear  in  a  more  easterly  position  than 
at  the  time  stated  above;  and  in  the  month  of  Oc- 
tober, at  eight  o'clock,  and  in  November,  at  six 
o'clock  in  the  evening,  they  will  be  seen  nearly 
in  the  positions  which  have  been  now  represented. 

Plate  HI  represents  a  view  of  some  of  the  prin- 
cipal stars  around  the  pole,  extending  from  the 
polar  point,  in  every  direction,  about  forty-five 
degrees.  In  using  this  map,  the  observer  is  sup- 
posed to  be  looking  toward  the  north,  in  which 
case,  the  left  hand  side  of  the  map  is  toward  the 
west,  and  the  right  side  toward  tlie  east.  The 
large  star  near  the  center  of  the  map  is  the  Pole- 
star,  which  forms  the  tip  of  the  tail  of  Lrsa  Minor 
the  square  of  which,  and  tl.e  two  other  stars  in 
the  tail,  will  be  seen  ascending  from  it  toward 
the  right  liand,  when  the  map  is  so  placed  that  the 
1st  of  April  is  at  the  top.  There  is  only  one  star 
of  the  first  magnitude  within  the  limits  of  this  map 
—namely  Capella,  the  principal  star  in  the  con- 
stellation oi  Auriga,  opposite  that  part  of  the  map 
where  the  month  of  December  is  marked.  A  line 
drawn  from  C  to  £>  passes  through  tliis  star, 
which  is  adjacent  to  the  extremity  of  the  map. 
There  are  eleven  stars  of  the  second  magnitude; 
five  in  the  square  and  tail  of  Ursa  Majnr,  or  the 
Great  Bear — namely  the  two  pointers,  Diiblie  and 
Mcrak,  Phad,  Alioih,  and  Benetnasch.  The  others 
are  Menkalina,  Elavim,  Rastaban,  Algenib,  Delta, 
Oijgni,  and  the  Pole-star.  A  line  drawn  from  A 
to  B  passes  through  Dubhe  and  Merak,  and  the 
Pole-star  at  the  center  of  the  map;  and  on  the 
other  side  of  the  Pole-star  it  passes  through  a  part 
of  the  constellation  of  Cassiopeia — the  Pole-star 
being  nearly  equidistant  between  that  constellation 
and  the  pointers.  A  line  drawn  from  E  to  F 
passes  through  Menkalina,  in  the  constellation  of 
Auriga,  about  eight  degrees  from  Capella.  A  line 
drawn  from  G  to // passes  through  Delta  Cijgni, 
in  the  Swan,  which  is  placed  at  the  extremity  of 
the  map.  A  line  from  /  to  K  pa-sses  through 
Algenib,  the  principal  star  in  the  constella- 
tion of  Perseus.  A  line  from  L  to  M  passes 
through  Etanim,  near  the  right-hand  side  of  the 
map,  a  star  of  the  second  magnitude  in  the  con- 
stellation of  Draco,  near  to  whicli,  at  the  distance 
of  four  or  five  degrees  is  Rastaban,  likewise  a  star 
of  the  second  magnitude  in  the  same  constellation. 
With  two  other  stars  they  form  a  kind  of  irregu- 
lar square  or  trapezium,  and,  with  another  small 
star,  they  form  a  figure  resembling  an  italic  T'. 
When  the  star  Etanim  comes  to  the  meridian  of 
London,  it  is  exactly  in  the  zenith  of  that  place, 
which  has  rendered  it  of  peculiar  utility  in  certain 
nice  astronomical  observations.  It  is  celebrated  in 
modern  times  as  being  the  star  which  Dr.  Bradley 
selected  to  determine,  if  possible,  the  Annual  Paral- 
lax; and  from  his  observations  of  which  he  deduced 
the  important  discovery  of  the  Aberration  of  LigJd. 


Let  us  now  suppose  that  we  are  to  contemplate 
the  northern  part  of  the  heavens  about  the  begin- 
ning of  April,  at  ten  o'clock  in  the  evening. 
Turning  our  faces  toward  the  pole-star,  or  direct- 
ly north,  and  holding  that  part  of  the  map  upper- 
most whicli  is  opposite  to  the  beginning  of  April, 
those  star.s  which  are  marked  on  the  upper  part  of 
the  map  will  appear  not  far  from  the  zenith, 
or  nearly  overhead;  thase  toward  the  lower  part 
will  appear  at  a  low  elevation,  not  far  from  th« 
horizon;  those  on  tiie  right  will  appear  in  the  east, 
and  those  on  the  left  in  the  west,  at  different  ele- 
vations, as  here  rejjresented.  The  two  pointers 
in  the  Great  Bear,  which  are  directly  opposite  to 
the  1st  of  April,  will  be  seen  nearly  in  the  zenith, 
and  to  point  downward  to  the  pole-star;  and  at  near- 
ly an  equal  distance  below  tlie  pole-star,  they  di- 
rect the  eye  to  the  constellation  Cassiopeia,  which 
is  conceived  to  have  a  certain  resemblance  to  a 
chair,  and  which  appears  only  a  small  distance 
above  the  northern  horizon.  To  the  west  or 
left-hand  side  of  Cassiopeia  is  the  constellation 
Perseus,  of  which  Algenib  is  the  principal  star, 
and  which  is  likewise  at  a  low  elevation.  To  tho 
right,  or  east  side  of  Cassiopeia  is  Cepheus — four 
stars  of  which,  two  of  the  third,  and  two  of  the 
fourth  magnitude,  form  a  kind  of  square,  or  rhom- 
bus. The  stars  farther  to  the  east,  and  in  a  mora 
elevated  position,  belong  chiefly  to  the  constella- 
tion oi  Draco,  or  the  Dragon.  The  star  Etanim, 
in  this  constellation,  appears  nearly  due  east  of 
the  pole-star,  at  the  distance  of  forty  degrees. 
The  stars  on  the  western  side  of  the  map,  or  on 
the  left-hand  nearly  opposite  to  Etanim,  btlimg 
to  the  constellation  of  Auriga;  and  those  on  ihe 
upper  part  are  chiefly  some  of  the  prominent  stars 
connected  with  the  Great  Bear.  The  bright  star 
Capella  appears  nearly  west  by  soutli  from  the 
pole-star,  at  a  pretty  high  elevation,  with  Menko' 
Una  a  little  above  it,  and  to  the  eastward. 

Beside  the  stars  marked  on  this  map,  there  may 
be  seen,  at  the  same  time,  several  brilliant  stars  of 
the  first  magnitude.  Turning  the  eye  east  by 
south,  the  bright  star  Arcturus,  in  tlie  constella- 
tion Bootes,  is  seen  about  half-way  between  tho 
horizon  and  the  zenith.  Looking  to  the  north- 
east, the  brilliant  star  Vega,  or  Lyra,  appears  ele- 
vated twenty  degrees  above  the  horizon,  in  a  di- 
rection nearly  opposite  to  Capella,  in  the  west. 
Farther  to  the  north,  but  not  quite  so  elevated  as 
Lyra,  is  Denib,  in  the  constellation  of  the  Swan. 
Turning  our  eye  to  the  west,  Castor  and  Pollux 
will  be  seen  about  midway  between  the  western 
horizon  and  zenith:  and  farther  down,  near  the 
horizon,  almost  due  west,  are  Betelguese  and  Bel- 
latrix,  tlie  two  stars  in  the  shoulders  of  Orion,  Bet- 
elguese appearing  the  more  elevated  of  the  two, 
the  other  portions  Orion  having  descended  below 
the  horizon.  To  the  south-west,  midway  between 
Pollux  and  the  horizon,  is  Procijon,  a  star  of  tho 
first  magnitude  in  the  Lesser  Dog. 

Suppose,  now,  we  were  to  observe  the  same 
quarter  of  the  heavens,  at  the  same  hour,  about  the 
beginning  of  October.  In  this  case  we  have  only 
to  reverse  the  map  so  that  the  first  of  October  may  be 
uppermost.  At  this  season,  Cassiopeia  will  appear 
near  the  zenith  and  the  t\fo  pointers  of  Ursa  Major 
will  be  seen  at  the  opposite  side  of  the  pole,at  no  great 
elevation  above  the  horizon.  Capella  will  appear  to- 
ward the  east,onthe  right,  ataconsiderable  altitude, 
and  the  five  stars  in  the  head  of  Draco  considera- 
bly to  the  west,  whfie  Algenib,  and  the  other  stara 
in  Perseus,  will  be  seen  in  a  high  elevation,  to  the 
east  of  Cassiopeia.  At  this  time,  likewise,  by 
turning  our  eyes  toward  the  east  and  the  soutli 
Aldebaran,  or  the  Bull's-eye,  in  the  constellation 
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Taurus,  will  be  seen  elevated  about  twelve  degrees 
above  the  eastern  horizon,  about  sixteen  degrees 
above  which  are  the  Pleiades,  or  seven  stars.  The 
etar  Altair  will  appear  near  the  south-west,  half- 
way between  that  point  and  the  meridian,  and 
Fcmalhaut,  in  the  Southern  Fish,  will  be  seen 
nearly  on  the  meridian,  only  five  or  six  degrees 
above  the  south  point  of  the  horizon. 

In  like  manner,  were  we  wishing  to  observe  the 
position  of  tlie  circumpolar  stars  at  any  other  hour, 
at  this  period,  than  ten  o'clock,  p.  m.,  suppose  at 
eight  in  the  evening,  we  have  only  to  turn  the 
line  which  marks  the  beginning  of  September  up- 
permost instead  of  October,  and  the  position  at 
that  hour  will  be  seen;  and  if  we  choose  to  make 
our  observations  at  six  in  the  evening, we  turn  the 
first  of  August  to  the  top,  allowing  two  hours,  at 
an  average,  for  every  month.  If  we  would  ins])ect 
their  position  at  twelve  midnight,  the  first  of  No- 
vember must  be  turned  round  to  the  top,  and  so 


on  for  any  other  hour.  If  we  would  make  our 
observations  in  the  beginning  of  January  at  ten, 
p.  M.,  that  point  must  be  turned  to  the  top,  and 
then  the  two  pointers  will  be  seen  on  the  right, 
straight  east  of  the  pole-star,  and  the  other  fivo 
stars  hanging  down  from  them,  Cassiopeia  nearly 
straight  west,  and  Capella  not  far  from  the  zenith 
These  circumpolar  stars  may  therefore  be  seen  at 
every  season  of  the  year,  and  their  relative  posi- 
tions determined  beforehand,  by  simply  turning 
round  the  map  to  the  month,  or  day  of  the  mouth, 
required,  so  that  that  point  may  be  at  the  top;  and 
although  the  months  are  arranged  so  as  to  corres- 
pond with  ten  o'clock,  p.  M.,yet  the  positions  may 
be  represented  for  any  other  hour,  according  to 
the  directions  given  above. 

The  following  remarks  may  be  stated  in  reference 
to  the  stars  depicted  on  this  map: — 1.  All  these 
stars  never  set  in  our  latitude,  but  appear  to  move 
round  above  the  horizon  in  ckcles  of  which  the 
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pohj  is  the  center.  As  the  oTjserver  is  supposed  to 
be  in  fifty-two  degrees  N.  latitude,  all  the  stars 
within  52°  of  the  pole  never  descend  below  the 
horizon.  In  one  part  of  their  diurnal  course  they 
appear  above  the  pole,  and  some  of  them  near  the 
zenith,  and  in  the  opposite  point  they  appear  be- 
low the  polar  point,  and  sometimes  near  the 
northern  horizon.  2.  In  the  higher  part  of 
their  course  they  appear  to  move  from  east  to 
west,  and  in  the  lower  part  from  west  to  east. 
Those  nearest  the  pole  describe  small  circles 
around  the  polar  point,  and  those  at  greater  dis- 
tances describe  larger  circles;  but  their  periods 
of  apparent  revolution  are  exactly  the  same — 
namely,  twenty-three  hours,  fifty-six  minutes, 
and^our  seconds.     3.   The  stars  represented  in 


this  map  are  only  those  which  are  most  promi- 
nent and  obvious  to  the  naked  eye,  in  order  to 
prevent  confusion,  and  that  the  untutored  obser- 
ver may  not  be  distracted  with  too  many  objects 
at  one  view.  They  chiefly  consist  of  stars  of  tho 
second,  third,  and  fourth  magnitudes.  4.  In  order 
that  the  observer  may  be  able  readily  to  estimate 
the  apparent  distances  of  the  stars  from  each  other 
and  from  the  horizon,  it  may  be  proper  to  keep  in 
mind  that  the  distance  between  the  two  pointers 
is  exactly  five  degrees,  and  between  Dubhe  (the 
nearest  to  the  pole)  and  the  pole-star,  twenty-nine 
degrees.  By  applying  these  measures  by  the  eye 
to  other  stars,  their  apparent  distances  may  be 
very  nearly  estimated.  5.  Although  I  have  stated, 
in  general  terms,  that  the  pointers  come  to  the 
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southern  meridian,  or  are  nearly  in  the  zenith,  at 
ten,  p.  M.,  about  the  beginning  of  April,  yet  it  is 
not  before  the  seventh  of  this  month  that  they  are 
accurately  in  this  position  at  ten  in  the  evening; 
but  tlie  difference  is  not  much  perceptible  by  the 
eye  during  tlie  course  of  a  week  or  two,  and 
therefore  cuu  lead  to  no  great  mistake.  6.  If  the 
circle  containing  the  stars  were  cut  out,  and  sur- 
rounded with  the  circle  of  months  and  days,  and 
made  to  revolve  within  the  circle  of  hours,  it 
mifht  be  made  to  serve  the  purpose  of  an  astro- 
nomical clock  for  pointing  out  the  hours  of  the 
night,  and  likewise  for  showing  the  positions  of 
the  circumpolar  stars  for  any  hour  of  the  day  or 
night.  7.  The  delineations  of  the  apparent  dis- 
tances of  the  stars  on  this  map  are  on  a'scale  of 
only  one-half  the  size  of  that  on  which  the  two 
preceding  maps  were  constructed. 

The  three  preceding  views  of  certain  portions 


I  of  the  heavens,  partly  delineated  from  aclua^  ob- 
servation, are  intended  to  convey  to  general  obser- 
I  vers  a  natural    representation   of   Jhose  quarters 
!  of  tlie  firmament  to  which  they  refer,  so  that  by 
■  a   little  further  attention  and  observation,  and  an 
inspection  of  a  celestial  atlas,  they  may  acquire  a 
!  general  view  of  the  princi[)al  stars  and  constella- 
j  tions  visible  in  our  hemisphere;  for  on  most  ce- 
!  lestial   planispheres   and   globes  there   is  such  a 
group  of  eyes,  noses,  legs,  tails,  claws,  and  winga 
connected  with  the  mythological  figures  of  tho 
constellations,  no  traces  of  which  can  be  seen  in 
the  heavens,  that  the  learner  is  sometimes  con- 
founded, and  can  scarcely  trace  any  resemblance 
between   what  is   depicted   on    such    globes    and 
plamspheres  and  the  real  aspect  of  the  firmament, 
the  stars  appearing,  in  many  instances,  as  acci- 
dental spots,  buried,  as  it  were,  amid  the  group 
of  hieroglyphics  with  which  they  are  connected. 


CHAPTER  II. 

ON   THE   ARRANGEMENT   OF   THE    STARS    INTO    CONSTELLATIONS,  WITH 
SKETCHES  OF  THEIR  MYTHOLOGICAL  HISTORY. 


In  order  to  distinguish  the  stars  from  one 
another,  the  ancients  divided  the  heavens  into 
diflerent  portions  or  spaces,  called  constellations, 
or  groups  of  stars.  They  supposed  each  group 
to  occupy  a  space  which  a  lion,  a  bear,  a  man,  a 
harp,  or  other  object  would  fill,  if  it  were  there 
delineated;  and  hence  the  difFerent  constellations 
were  depicted  as  if  they  had  borne  a  resemblance 
to  dragons,  dogs,  rams,  altars,  ships,  and  similar 
objects,  whether  imaginary  or  real.  The  inven- 
tion of  the  constellations,  particularly  those  of 
the  Zodiac,  is  generally  attributed  to  the  Chaldeans 
or  the  Egyptians;  but  most  probably  the  merit, 
such  as  it  is,  is  due  to  the  former,  although  the 
Egyptians  appear,  at  a  very  early  period,  to  have 
derived  the  knowledge  of  astronomy  from  the 
inhabitants  of  Chaldea,  and  imparted  it  to  the 
ancient  Greeks  and  other  nations.  The  first  series 
of  constellations  which  were  formed  appear  to 
have  been  those  of  the  Zodiac.  Finding  that  the 
year  consisted  neither  of  twelve  nor  of  thirteen 
lunations,  in  order  to  know  tho  precise  bounds 
of  the  annual  course  of  the  sun,  they  were  under 
the  necessity  of  carefully  examining  what  stars 
were  successively  obscured  in  the  evening  by  the 
motion  of  that  globe,  and  what  stars,  after  emer- 
ging from  its  rays,  showed  themselves  again  before 
the  dawn  of  day. 

Macrobius,  an  ancient  Roman  author,  and 
Sextus  Empiricus,  a  Greek  writer,  have  handed 
down  to  us  the  ingenious  method  which  the  first 
astronomers  used  to  determine  exactly  the  course 
which  the  sun  describes  in  the  heavens,  and  to 
divide  the  year  into  equal  portions,  of  which  the 
following  is  a  condensed  description: 

They  every  day  saw  the  sun  and  the  whole 
heavens  turning  round  from  east  to  west.  In 
the  meantime  they  observed  that  the  sun,  by  a 
motion  peculiar  to  it,  receded,  from  day  to  day, 
from  certain  stars,  and  took  its  place  under  others, 
always  advancing  toward  the  east.  As  they  found 
that  twelve  revolutions  of  the  moon  approximated 
to  one  revolution  of  the  sun,  but  that  a  certain 
sensible  difference  existed,  they  wished  that  they 
might  have  twelve  divisions  of  tho  year,  which 


might  be  exactly  equivalent  to  the  year  itself 
For  this  purpose  they  took  two  brass  open  vessels, 
the  one  pierced  at  the  bottom,  and  the  other  with- 
out any  orifice  below.  Having  stopjied  the  hole 
of  the  first,  they  filled  it  with  water,  and  placed  it 
so  that  the  water  might  run  out  into  the  other 
vessel  the  moment  the  cock  should  be  opened. 
This  done,  they  observed  in  that  part  of  the 
heavens  where  the  sun  has  its  annual  course,  the 
rising  of  a  star,  remarkable  either  for  its  mag- 
nitude or  its  brightness,  and  at  the  critical  in- 
stant it  appeared  on  the  horizon  they  began  to 
let  the  water  flow  out  of  the  upper  ve.ssel  into  the 
other,  during  the  rest  of  the  night  and  the  whole 
following  day,  until  the  very  moment  when  the 
same  star  began  to  appear  anew  on  the  horizon. 
The  instant  it  was  again  seen  thoy  took  away  the 
under  vessel,  and  threw  the  water  that  remained 
in  the  upper  on  the  ground.  The  observers  were 
thus  sure  of  having  one  revolution  of  the  whole 
heaven,  between  the  first  rising  of  the  star  and 
its  return.  The  water  which  had  flowed 
during  that  time  now  afforded  them  the  means 
of  measuring  the  duration  of  one  whole  revo- 
lution of  the  starry  firmament,  and  of  divi- 
ding that  duration  into  seveal  equal  portions. 
They  then  divided  the  water  of  the  under  vessel 
into  twelve  p:iTls,  perfectly  equal,  and  prepared  two 
other  small  vessels  capable  of  containing  exactly 
one  of  these  portions,  and  no  more.  They  again 
poured  into  the  great  copper  vessel  the  twelve 
parts  of  water  all  at  once,  keeping  the  vessels 
shut.  They  then  placed  under  the  cock,  still 
shut,  one  of  the  two  small  vessels,  and  another 
near  it  to  succeed  the  first  as  soon  as  it  should  ba 
full.  All  these  preparations  being  ready,  the  next 
night  they  obser\'ed  that  part  of  the  heavens 
toward  which  they  had  remarked  tlie  sun  took  his 
course,  and  waited  for  the  rising  of  the  constella- 
tion which  has  since  been  called  Aries.  The 
instant  Aries  appeared,  and  they  saw  the  fii'st 
star  of  it  ascending,  they  let  the  water  run 
into  the  little  measure.  As  soon  as  it  was  full 
they  removed  it,  and  threw  the  water  out.  In  the 
meantime    they  put   the  other    empty   measure 
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ander  the  fall.  Tliey  o'  served  accurately  all  the 
stars  that  rose  during  all  the  perioJs  which  the 
measure  took  iii  tilling,  and  that  [lart  of  tl»e  hea- 
vens was  teriiiiiiated  in  their  observations  by  tlie 
star  witicli  appeared  last  oil  the  horizon  the  mo- 
ment the  measure  was  just  full.  In  like  manner 
they  proceeded  with  tiie  other  vessel  aiternately. 
until  the  tvvci  small  vessels  were  three  times  filled, 
which  marked  out  six  divisions,  or  one-half  of  the 
course  of  the  sun  in  the  heavens.  They  were  then 
forced  to  defer  the  observation  and  measiirement 
of  the  other  half  of  the  firmament  until  the  oppo- 
Bite  season  of  the  year,  when  they  proceeded  as 
before. 

Having  in  this  maner  determined  the  twelve 
divisions  of  the  heavens,  and  marked  the  clusters 
of  stars  peculiar  to  each,  they  proceeded  to  give 
them  names,  and  in  general  termed  tiieni  the  sta- 
tions or  houses  of  the  sun,  three  of  which  were 
assigned  to  each  season.  The  particular  names 
given  to  each  of  the  twelve  constellations  of  the 
Zodiac  are  generally  supposed  to  refer  to  certain 
circumstances  peculiar  to  the  different  months. 
As  the  Chaldean  observers  seem  to  have  been  of 
opinion  that  there  were,  during  tiiu  spring,  no 
produi'tion"  more  useful  than  lambs,  calves,  and 
rams,  they  gave  the  constellations  through  which 
the  sun  passes  during  that  season  the  names  of 
tlie  tiiree  animals  by  which  they  were  most  en- 


Water-bearer,  emblematical  of  the  rains  which 
generally  fall  at  this  season  of  tlia  year;  and  the 
last  sign  is  named  Pisces,  or  the  r  i>hes,  which 
name  s;;eins  to  have  been  given  because  at  tha 
liiiie  when  the  sun  enters  it,  fishes  are  tnea  con- 
sid;'red  as  fattest  and  most  in  season  for  use. 

Sucii  were  the  names  and  symbols  which  the 
ancients  appropriated  to  that  great  circle  or  zone 
of  the  heavens  through  which  the  sun,  moon^and 
planets  appeared  to  move.  As  the  names  of  ten 
of  tiiesB  signs  or  constellations  are  borrowed  from 
several  animals,  astronomers  gave  the  annual 
zone  which  they  compose,  the  name  of  the  Zodiac, 
that  is,  the  circle  of  animals,  from  the  Greek 
word  zoon,  an  animal.  By  this  division  of  th« 
heavens,  mankind  acquired  a  new  method  of 
measuring  time  and  of  regulating  all  their  labors. 
From  the  knowledge  of  the  Zodiac  they  obtained 
an  exact  knowledge  of  the  year  and  of  its  several 
subdivisions,  and  the  periods  when  sowing  ought 
to  commence,  and  when  the  fruits  of  harvest 
might  be  expected  to  arrive  at  maturity.  When, 
alter  the  setting  of  the  snn,  they  saw  the  stars  of 
the  sign  Aries  ascend  the  opposite  horizon,  and 
distant  from  the  sun  by  one-half  of  the  sphere  of 
the  heavens,  they  then  knew  that  the  sun  waa 
under  the  sign  Libra,  which,  being  the  seventh 
of  the  celestial  signs,  was  distant  from  the  first  by 
one-half  of  the  whole  Zodiac.     When,  at  the  ap- 


riched.  The  first  was  named  Aries,  or  the  Ram;  :  proach  of  day,  they  saw,  in  the  middle  of  tha 
the  second  Taurus,  or  tlie  Bull;  and  the  third  firmament,  or  on  their  meridian,  at  an  equal  dis- 
Gemini,  or  the  Twins, — that  is,  the  two  goats,  '  tance  from  east  and  west,  the  principal  star  of  tho 
vfhich  commonly  bring  forth  two  young  at  a  i  sign  Leo,  they  understood  that  the  sun,  then 
time.  The  Greeks  afterward  represented  them  j  about  to  rise,  was  at  the  distance  of  three  signs 
by  Castor  and  Pollux,  two  twin  brothers,  sons  of  |  from  Leo,  and  removed  toward  the  east  one-fourth 
Jupiter,  by  Leda,  the  wife  of  Tyndarus,  and  as  part  of  its  circle.  Thus,  without  seeing  the  stars, 
Buch  they  are  represented  on  our  globes.  Having  j  which  were  obscured  and  overpowered  by  the 
remarked  tliat  there  was  a  point  to  which  the  sun  j  sun's  rays  as  he  passed  through  tliem,  they  could 


Approached  when  passing  these  signs,  but  which 
it  never  went  beyond,  and  that  it  afterward  re- 
ceded from  that  point  for  six  months  together, 
this  retreat  of  the  sun  backward  led  them  to  dis- 
tinguish it  by  the  name  of  an  animal  which  walks 
backward,  and  hence  it  was  denominated  Cancer, 
or  the  Crab.  As  the  heats  in  the  next  month 
(July)  are  most  intense,  they  compared  them  to 
the  raging  and  fierceness  of  a  lion,  and  hence  they 
called  the  sign  Leo,  that  is,  the  Lion.  As  in  the 
next  month  hardest  commences,  and  as  young 
girls  were  generally  set  to  glean  in  the  fields,  they 
denominated  the  sign  corresponding  to  tliis  month 
Virgo,  or  the  Virgin,  which  is  represented  by  the 
figure  of  a  young  woman  holding  an  ear  of 
corn. 

The  perfect  equality  of  days  and  nights  which 
happens  when  the  sun  quits  the  sign  of  Virgo, 
caused  astronomers  to  give  the  next  sign  the 
name  of  Libra,  that  is,  the  Balance,  poised  so  as 
to  represent  equal  day  and  night.  The  frequent 
diseases  which  are  produced  in  consequence  of 
the  sun  retiring  to  the  south  procured  the  next 
sign  the  name  of  Scorpio,  or  the  Scorpion,  because 
it  is  mischievous,  and  drags  after  it  a  sting  and 
venom.  When  harvest  is  over,  and  the  fields 
cleared  of  the  crops,  then  is  the  season  for  hunt- 
ing, and  therefore  the  sign  in  which  the  sun 
enters  at  that  time  has  obtained  the  name  of  Sa- 
gittarius, that  is,  the  Archer,  or  Huntsman.  The 
next  constellation,  Capricorn,  had  its  origin  from 
the  wild  goat,  whose  nature  being  to  seek  its  food 
from  the  bottom  to  the  top  of  mountains,  was 
considered  emblematical  of  the  ascent  of  the  sun 
from  the  lowest  point  of  its  course,  in  the  begin- 
ning of  this  sign,  to  its  highest  pilch  or  summit 
in  the  summer  solstice,  when  it  enters  the  sign 
Cancer.     The  next  sign  is  called  Aquarius,  or  tho 
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say,  with  a  perfect  assurance,  "  the  sun  is  now  in 
Scorpio,  and  in  two  months  hence  the  shortest  day 
v/ill  arrive."  On  the  sight  of  a  single  constella- 
tion, placed  either  in  tlie  eastern,  western,  or 
middle  part  of  the  heavens,  they  could  immedi- 
ately tell  in  what  sign  the  sun  was,  how  far  tha 
year  was  advanced,  and  what  kinds  of  labor  wer» 
requisite  to  be  performed.  It  is  therefore  to  astro- 
nomy we  are  originally  indebted  for  our  know- 
ledge of  the  length  of  the  year,  and  the  com- 
mencement of  its  different  seasons. 

The  ancients  next  proceeded  to  arrange  into 
constellations  the  other  groups  of  stars  which 
were  situated  to  the  north  and  south  of  the  Zo- 
diac. In  forming  this  arrangement  they  pro- 
ceeded on  principles  similar  to  those  by  which 
they  had  delineated  the  signs  of  the  Zodiac.  They 
conceived  the  different  groups  as  if  they  bore  a 
certain  resemblance  to  birds,  beasts,  serpents,  or 
to  certain  imaginary  beings,  and  gave  them  names 
corresponding  to  such  conceptions.  This  they 
seem  to  have  done  for  the  sake  of  assisting  tho 
memory  and  imagination  in  forming  a  general 
idea  of  the  forms  and  the  relative  positions  of  tho 
several  clusters  of  stars,  and  to  enable  the  obser- 
ver more  readily  to  distinguish  and  to  point  out 
any  particular  star;  but  it  would  be  too  tedious, 
and  would  convey  little  profitable  instruction,  to 
inquire  into  the  reasons  of  the  emblematical 
figures  they  ado[)ted,  or  to  attempt  a  detailed  view 
of  their  mythological  history. 

The  following  table  contains  a  list  of  all  tho 
constellations,  ancient  and  modern,  with  the  num- 
ber of  stars  in  each,  as  stated  in  the  Historia  0»- 
lestis  of  Flamstead,  formerly  Royal  Professor  of 
Astronomy  at  Greenwich.  The  first  columa 
contains  the  nami'  of  the  constellation,  the  second 
column,  the  number  of  stars  it  contains,  and  tbo' 
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third  column,  the  principal  stars  and  their  magni-  i  magnitude  ;    2,  those  of  the  second  magDitudot 
tudes.     Tlie  number  1,  expresses  sturs  of  the  first    &c. 

NORTHERN  CONSTELLATIONS. 

Name.  No.  of  Stars.  Principa,  Stars. 

Ursa  Minor— the  Little  Bear    24  Pole  star,  2. 

Ursa  Major— the  Great  Bear    87  '' Dubhe,  1 ;   Alioth,  2 

Draco — the  Dragon    80  Rastalien,  2 

Cepiicus  [East  oi'  Draco]    'i^  Aliicramin,  3. 

Boot.'s — the  Herdsman    •  .  54  Arcturtis,  1 ;  Mirac,  3 

Corona  Bo;eulis-the  Northern  Grown  [East  of 


i 


35 


,  21    Alphecca,  2. 

Booth's]  S 

Hercules,  with  Cerberus 113   Ras  Algcthei,  2. 

Lyra— tlie  Harp     21    Vega,  or  Lyn.,  I. 

Cygims — the  Swan    81    Deneb,  2. 

Cassiopeia — Lady  in  her  chair   55   Schedir,  3. 

Perseus,  and  Head  of  Medusa 59   Algenib,  2 ;  Algol,  2 

Auriga — the  Wagoner    66   Capella,  Alajotli,  1. 

Serpentarius — Serpent  Bearer    74   Ras  Alhague,  2. 

Serpens — the  Serpent 64 

Sagitta — tlie  Arrow  [N.  of  Aquila]    18 

Aquiia  and  Anlinous — the  Eagle,  &,c 71    Altair,  1  or  2. 

Delpliinus — the  Dolphin   18 

Equuleus — the  Horse's  Head   10 

Pegasus— the  Flying  Horse    89   Markab,  2;  Scheat,  2. 

Andromeda 66 Alamak,  2;   Miracii.  2 

Triangiiium — the  Triangle    16 

CameloparJalis — Gamelopard   58 

Leo  Minor — the  Little  Lion   53 

Coma  Berenices — Berenices'  Hair  [North  of  )  43                                                  , 

Virgo]    

V^ulpecula   et   Anser — the   Fox   and   Goose 

[South  of  Cygnus]   

Lacerto — the  Lizard  [ East  of  Cygnus]    IG 

Scutum  Sobieski  [North  of  Sagittarius]    8 

Canis  Venatici — the  Greyhounds    25 

Lynx    44 

Cerberus    4 

Mons  Menelaus  [S.  E.  of  Bootes]   11 

Taurus  Poniatowski — the  Bull  of  Poniatowski  )  n 

[VV.  of  Aquila]    J 

Musca— the  Fly  [N.  of  Aries]    6 

Tarandus— Reindeer  [at  N.  Pole]    12 

Total   number  of    stars   in   the   Northern  )  ^aaa 

Constellations    ^ 

SOUTHERN  CONSTELLATIONS. 

Those  Constellations  marked  thus  f  never  rise  in  N.  latitude  52  degrees. 

Name.                                                                   No.  of  Stars.  Principal  Stars. 

Cetus— the  Whale 97   Menkar,  2;  Mira,9. 

Orion    78 Betelguese,  T;  Rigel,  1 

Eridanus — the  River  Po    84   Aclieriiar,  1. 

Lepus — the  Hare  [S.  of  Orion]    19 

Canis  Major — the  Great  Dog 31    Sirius,  1. 

Caids  Minor  [N.  of  Monoceros]   14   Procyoii,  1. 

Argo  Navis — the  Argo    64   Canopus,  1 ;  Nao8,  3 

Hydra— the  Serpent 60   Cor  Hydra;,! 

Crater— the  Cup  [S.  of  Virgo] 31    Algorab,  3. 

Corvus— the  Oow  [S.  of  Virgo] 9  Alkes,  3. 

Centaurns — the  Centaur   35 

Lupus— the  Wolf 24 

Arat— the  altar 9                                                                                 ' 

Corona  Australis — Southern  Crown   12 

Piscis  Australis — [S   of  Aquarius] 24   Fomalhaut,  1. 

Columbo  Noachi — Noah's  Dove    10 

Rober  Carolit  [E.  of  Argo  Navis]    12 

Grusf — tlie  Crane    13 

Phauiix-t  13 

Indusl — ihe  Indian    12 

Pavot — the  Peacock 14 

Apu8+ — the  Bird  of  Pai  adise  11 


ZODIACAL  CONSTELLATIONS. 

Name.  No.  of  Stars. 

Apis  Muscat  Austnilis    4 

Triaiigiilijui  Aiistrulisf  fSoatli  Triangle] 5 

Pisciri  Volanst— tile  Flying  Fish 8 

CiiaiiK'leoiit  [near  the  S.  Pole]   10 

DoraJo-j- — the  Sword  Fish 6 

Toucunt — the  American  Goose   9 

liytlrust— the  Water  Snake    10 

Scxtims — the  Sextant  [S.  of  Leo]    41 

Monoceros — the  Unicorn    31 

Crux— tlie  Cross-f-    6 

The  Sculptor's  Apparatus    19 

Circinus  + — The  Compasses   7 

Brandeuburgiuin  Sceptrurn  [S.  W.  of  Orion]   ...         6 

Eqiiuleiis  Piclorius    8 

Fornax  Clieaiica    14 

Horologiunit — tiieC'ock  12 

Mons  Mens  at — the  Table  Mounlain 30 

Machina  Pneuniatica — the  Air  Pump 24 

Norma,  or  Eucliii's  Square 12 

Oetaus  Hadleianust — Hadley's  Octant 43 

Pyxis  Nautica — Mariner's  Compass    8 

Reticuia  Rhomboi.lalist 10 

Telcscopiumt — the  Telescoj)e   9 

Scniptoriot— the  Engraver's  Tools   IG 

Microscopium — the  Microscope 10 

Total    number   of   stars   in   the    Southern    ) 

Constellations   I    1027 
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ZODIACAL  CONSTELLATIONS. 


Name. 


No.  of  Stars. 


Principal  Stars. 


Aries — the  Ram    66  a  Arietis,  2. 

Taurus — the  Bull 141  Aldebaran,  1 ;  Pleiades. 

Gemini — the  Twins 85 Castor,  1;  Pollux,  1. 

Cancer — the  Crab    83  Aciibens,  3. 

liCO — the  Lion    95  Reguhis,  1 ;  Denebola,  2. 

Virgo — the  Virgin    110  Spica  Virginis,  1. 


Libra — the  Balance 


Scorpio — the  Scorpion 44 

Sarrittarius — the  Archer 


51    Zubeneschamale,  2. 


69 


Antares,  1 


Capricornus — the  Goat    ?1 


Aquarius — the  Water  Bearer 


Pisces — the  Fishes   113 


108  Scheat,  3. 


Total  number  of  stars  in  the  Zodiac 1016 

Total  number  of  stars  in  all  the  Constellations 


3487 


Thus  all  the  visible  stars  in  the  firmament  have 
been  arranged  into  ninety-four  constellations,  of 
which  forty-eigiit  were  formed  by  the  ancients, 
and  the  rest  within  the  last  two  or  three  hundred 
years.  Of  the  stars  above  enumerated,  there  are 
about  17  of  the  first  magnitude,  76  of  the  second, 
223  of  the  third,  and  the  remainder  of  the  fourth, 
fifth,  and  sixth  magnitudes.  The  different  classes 
of  magnitudes  are  intended  to  express  their  appa- 
rent bl'ightness.  The  brightest  stars  are  said  to 
be  of  the  first  magnitude ;  those  which  appear 
next  in  brightness,  or  inferior  to  the  first,  are 
classed  in  the  second  magnitude;  and  so  on  down 
to  the  sixth  magnitude,  which  comprises  the 
smallest  stars  visible  to  the  naked  eye  in  the  clear- 
est iiiglit;  though  there  are  but  few  eyes  that  can 
dislinguish  those  which  belong  to  the  sixth  mag- 
iiilude.  All  the  stars  beyond  these  limits  come 
•111  ler  the  general  denomination  of  Telescopic 
hirs;  and  with  the  most  powerful  teh'scopes, 
stars  may  be  perceived  of  ail  classes,  from  the 
sixth  to  the  sixteenth  order  of  magnitudes. 
Every  increase  in  the  power  of  these  instruments 
brings  into  view  innumerable  multitudes  of  those 
orbs  which  were  before  invisible,  so  that  no  defi- 
ui(«j  limits  can  be  assigned  to  the  apparent  bright- 


ness or  magnitude  of  the  stars.  This  classifica- 
tion into  magnitudes,  however,  as  it  is  entirely 
arbitrary,  so  it  is  extremely  indefinite,  and  can 
convey  no  very  accurate  ideas  even  of  their 
apparent  brightness  or  intensity  of  light.  This 
consideration  has  led  some  eminent  astronomers 
to  endeavor  to  estimate  the  apparent  brightness 
of  each  star  by  experiments  mace  with  the  photo- 
meter. From  various  experimental  comparisons 
of  tliis  kind,  the  late  Sir  Wm.  Herschel  deduced 
the  following  conclusions: 


Magnitude. 

ight 

of  a 

star  of  the 

average  1st     - 

= 

100 
25 

3d      - 

= 

12 

4th    - 

. — 

6 

5th    - 

— 

2 

6th    - 

=, 

1* 

So  that  the  light  of  a  star  of  the  second  magni- 
tude is  one-fourth  of  that  of  a  star  of  the  first 
magnitude  ;  the  light  of  one  of  the  third,  one- 
eighth;  of  the  fourth,  one-sixteenth;  of  the  fifth, 
one-fiftieth;  and  of  the  sixth,  only  one-hundredth 
part.  Sir  John  Herschel  informs  us  that,  from  his 
own  experiments,  he  has  found  that  the  light  of 
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Sinus,  tho  brightest  of  all  the  fixed  stars,  is  about 
324  times  that  of  an  average  star  of  the  sixth 
magnitude. 

It  may  be  proper  to  ohserve  that  the  stars 
specified  iu  tiie  statements  inserted  above  are  not 
till  visible  to  the  naked  eye,  nearly  two-tliirds  of 
them  being  perceptible  only  by  tho  telescope;  but 
they  are  those  stars  whose  latitudes  and  longitudes, 
and  whose  right  ascensions  and  declinations,  have 
been  accurately  determined.  They  form  only  a 
very  small  proportion  of  those  which  are  found 
to  exist  in  the  most  distant  regions  of  the  firma- 
ment ;  for  by  powerful  telescopes  there  have 
been  explored,  in  a  sinlgo  speck  of  the  heavens, 
a  number  which  far  exceeds  tiiat  of  all  the  visible 
Stars  in  the  sky;  imd  catalogues  have  been  formed 
in  modern  times  which  comprise  from  filty  to  a 
hundred  thousand  of  these  luminaries. 

Tlie  first  astronomer,  so  far  as  we  know,  who 
attempted  to  take  a  catalogue  of  the  stars,  was 
Hipparchus  of  Rhodes,  who  flourished  about  120 
years  before  Christ.  Having  observed  a  new  star, 
which  he  had  never  seen  before,  he  began  to 
doubt  whether  there  might  not  be  changes  occa- 
sionally taking  place  amoiig  these  luminaries,  and 
therefore  commenced  making  a  catalogue  of  them, 
noting  down  the  position  and  magnitude  of  each 
star,  with  the  view  that,  if  any  new  stars  should 
again  appear,  or  any  of  those  observed  by  him 
should  increase  or  diminish  iu  magnitude,  or 
totally  disappear,  such  changes  might  be  known 
to  those  who  should  live  in  future  ages.  This 
catalogue,  which  was  handed  down  to  us  by 
Ptolemy,  an  ancient  Egyptian  astronomer,  has 
been  of  special  use  to  modern  astronomers,  both 
in  determining  the  rate  of  the  precession  of  the 
equinoxes,  and  in  proving  that  certain  stars  which 
then  existed  are  no  longer  to  be  seen  in  the  hea- 
vens ;  thus  indicating  tiiat  changes  and  revolu- 
tions are  taking  place  among  the  distant  bodies 
of  the  universe.  The  catalogue  of  Hipparchus 
contained  a  description  of  the  places  of  1026  stars. 
The  Arabians  are  the  next  whom  liistory  repre- 
sents as  having  attempted  to  form  a  descriptive 
catalogue  of  the  stars.  This  was  effected  by 
Vlug  Bcigh,  the  grandson  of  Tamerlane,  from  his 
own  observations  made  at  Samarcand,  whose 
catalogue  contains  1022  stars.  Tycho  Brahe,  the 
celebrated  Danish  astronomer,  who  lived  in  the 
sixteenth  century,  by  means  of  the  large  and 
accurate  instruments  he  invented,  formed  a  cata- 
logue of  777  stars,  which  are  considered  as  su- 
perior in  correctness  to  tliose  of  Hipparchus  and 
Ulug  Beigh.  He  was  prompted  to  this  laborious 
undertaking  by  the  sudden  appearance  of  a  new 
star  in  Cassiopeia  in  the  year  1572,  which  shone 
with  the  brilliancy  of  Venus,  and  was  visible  even 
at  uoonday.  Bays  soon  after  published  a  cata- 
logue of  1169  stars,  in  which  he  introduced  the 
practice  of  distinguishing  the  stars  by  the  letters 
of  the  Greek  alphabet.  All  the  catalogues  nov/ 
mentioned  were  formed  before  the  telescope  was 
Invented,  and  contained  nearly  all  the  stars  which 
could  be  perceived  by  the  unassisted  eye.  Soon 
after  the  invention  of  the  telescope,  in  the  begin- 
ning of  the  seveiiteenth  century,  the  celebrated 
Hevelius  composed  a  catalogue  of  1888  stars,  of 
which  l.if)3  were  observed  by  himself,  and  their 
places  computed  for  the  year  16G0.  But  some  of 
our  modern  observers  of  the  heavens  have  pub- 
lished catalogues  which  contain  the  positions  of 
many  thousands  of  stars  beside  multitudes  of 
nebulfB,  of  various  descriptions,  double,  triple,  and 
<juadruple  stars,  and  various  other  celestial  phe- 
nomena. 

The  division  of  tho  heavens  Into  constellations, 


and  the  names  and  figures  by  which  they  ar« 
distinguished,  seem  to  liave  been  of  a  very  aiicietil 
date.  Job,  who  is  supposed  to  have  lived  in  a 
period  prior  to  that  of  Moses,  n  fers  to  some  of 
them  i)y  the  same  names  which  they  siill  bear. 
"Canst  tiiou  hind  the  sweet  i)ifluencos  of  Pleiades" 
— or  the'  seven  stars, — "  or  loose  the  bands  of 
Orion?"  that  is,  the  belt  of  Orion,  which  consists, 
of  three  equidistant  stars  in  a  straight  line.— 
"Canst  thou  bring  forth  Mazzaroth  in  his  season! 
or  canst  thou  guide  Arcturus  witii  iris  sons?"- 
Arcturus  is  a  bright  star  of  the  first  magnitude 
in  the  constellation  of  Bootes,  and  is  here  put  for 
the  constellation  itself.  The  expression  "  hia 
sons"  is  supposed  to  refer  to  Asterioii  anJ  Ciiura, 
the  two  Greyhounds,  with  which  he  seems  to  be 
pursuing  ihe  Great  Bear  around  the  North  pole,' 
in  the  uiurnal  revolution  of  the  heavens.  Maz- 
zaroth is  generally  supposed  to  refer  to  the  twelve 
signs  of  the  zoiiiac,  which,  by  their  appointed 
revolutions,  produce  the  succession  of  day  and 
night,  and  the  seasons  of  the  year.  In  another 
part  of  this  book,  .Tob,  when  filled  with  profound 
reverence  of  the  majesty  of  God,  declares  that 
He  alone  ".spreadeth  out  the  heavens,  and  niaketh 
Arcturus,  Orion,  and  the  Chambers  of  the  South." 
The  prophet  Amos,  who  lived  800  years  before 
the  Christian  era,  alludes  to  the  same  objects  iu 
the  fifth  chapter  of  his  prophesy — "  Ye  who  turn 
judgment  to  wormwood,  and  leave  oft'  ri}:liteous- 
ness  in  the  earth,  seek  him  who  maketh  the  seven 
stars  and  Orion,  who  tnrneth  the  shadow  of  death 
into  morning,  and  maketh  the  day  dark  with 
night;  that  calleth  for  the  waters  of  the  sea,  and 
pouri-th  them  out  ujjon  the  face  of  the  earth;  the 
Lord  of  Hosts  is  his  name." 

The  names  of  the  conc4ellationK,  and  the  hiero- 
glyphic figures  by  which  they  are  represented,  ap- 
])ear,  however,  to  have  had  their  origin  in  super- 
stitions and  idolatrous  notions.  The  Egyptians, 
it  is  well  known,  worshiped  the  liost  of  heaven 
under  the  figures  of  most  of  the  animals  which 
rejjresent  the  celestial  constellations,  particularly 
the  signs  of  the  Zodiac.  They  imagined  the  sun, 
which  they  called  Osiris,  to  be  a  proper  represiMita- 
tive  of  the  Spirit  of  Nature,  or  the  Supreme 
Being,  who,  like  the  sun,  appears  everywhere 
present,  exercising  his  influence  over  the  universe. 
The  moon,  as  she  receives  her  light  from  the  sun, 
was  looked  upon  as  a  female  divinity,  and  called 
Isis, — which  goddess  was  made  to  signify  univer- 
sal nature  considered  as  passive,  and  suscejjtible  of 
various  impressions,  forms,  and  qualities. — They 
found,  or  imagined  they  found,  in  various  animals, 
some  properties  or  qualities  corresponding  to  the 
motions,  appearances,  or  influences  of  llie  sun, 
moon,  and  stars.  This  induced  them  not  only  to 
use  tliose  animals  in  their  hieroglyi)liic  representa- 
tions of  their  deities,  but  also  to  pay  them  honors. 
Tl'.us,  by  the  Ram,  a  prolific  animal,  they  represent- 
ed the  genial,  fertilizing  influence  of  the  sun  in 
spring;  and  by  the  hot  and  furious  Lion,  his  violent 
scorching  heat  in  the  summer;  and  the  Bull  was 
an  emblem  of  the  various  powers  of  the  sun  iu 
forwarding  the  business  of  agriculture,  in  which 
this  animal  was  of  particular  service.  As  tho 
overflowing  of  the  Nile  is  particularly  beneficial 
to  the  land  of  Egypt,  and  as  that  river  was  ob- 
served to  begin  to  swell  at  the  rising  of  Sirins,  or 
the  Dog  Star,  so  they  had  a  special  veneration  for 
that  orb,  as  if  its  divine  influence  had  contributed 
to  tliat  fertility  which  was  produced  by  the  inun- 
dation of  tlie  Nile.  That  the  Egyptians  worshiped 
all  the  animals  depicted  on  the  Zodiac,  and  thoso 
which  represent  several  of  the  other  constella- 
tions, is  proved  by  the  testimony  of  several  aa 
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dent  authors,  particularly  Herodotus,  who  says 
tliat  "  in  Egypt  all  sorts  of  beasts,  whether  wild 
or  tauie,  wjre  accouute.l  as  sacred,  and  received 
divine  honors."  And  it  is  not  improbable  that 
this  worship  ot  the  host  of  heaven,  throujrh  tlie 
hieroglyphics  of  various  animals,  was   a  general 

fractice  during  tlio  abode  of  the  Chiidren  of 
srael  ia  that  country,  and  that  the  following 
ndmonitioa  of  Moses  has  a  reference  to  this  cir- 
curnstrnioo  : — "Take  heed  lest  ye  coriupt  your- 
selves and  make  you  a  graven  image,  the  simili- 
tude of  any  figure,  t!ie  likeness  of  any  male  or 
female,  the  likeness  of  any  beast  that  is  on  the 
earth,  the  likeness  of  any  fowl  that  flietli  in  the 
air,  the  likeness  of  anything  that  creepeth  upon 
the  ground,  the  likeness  of  any  fish  that  is  in  the 
waters  beneath  the  earth;  and  lest  thou  lift  up 
thine  eyes  to  heaven,  and  when  thou  seest  the 
sun,  and  the  moon,  and  the  stars,  even  all  the 
host  of  heaven,  shouldst  be  driven  to  worship 
them  and  serve  them,  whicli  the  Lord  thy  God 
hath  divided  unto  all  nations  under  the  whole 
heaven.  But  the  Lord  thy  God  hath  taken  you, 
and  brought  you  forth  out  of  the  iron  furnace, 
even  oat  of  Egypt."  The  reference  here  made 
to  their  being  brought  out  of  Egypt  seems  evi- 
dently intended  to  put  the  Israelites  in  mind  of 
their  deliverance  from  the  idolatrous  practices  of 
the  inhabitants  of  that  country,  as  well  as  from 
the  slavery  to  which  they  had  been  subjected,  and 
consequently  implies  that  the  Egyptians  indulged 
in  the  superstitious  worship  to  which  we  liave 
alluded. 

As  it  is  the  practice  of  astronomers  to  denote 
the  relative  apparent  magnitudes  of  stars  in  each 
constellation  by  the  letters  of  the  Greek  alphabet, 
the  whole  of  tliis  alphabet  is  here  inserted,  thit 
the  uidearned  reader  may  be  enabled  to  distin- 
guish the  different  characters,  and  the  order  in 
Vi^liich  they  follow  each  otiier. 

The  first  letter  of  the  Gre&k  Alphabet  a,  de- 
notes the  largest  or  brighcst  star  in  each  constel- 
lation. Thus,  5t  Lyras  is  the  brightest  star  in  the 
constellation  of  Lyra,  or  the  Lyre;  /S  Lyroe,  the 
Btar  ne.\t  iu  brightness  to  alpha;  and  so  on  through- 


out all  the  letters  of  the  Greek  al])habet.  When 
tiie  number  of  stars  to  be  distinguished  in  any 
constellation  is  greater  than  the  num.ber  of  letters 
in  the  Greek  alphabet,  astronomers  have  recourse 
to  the  letters  of  the  English  alphabet,  and  dis- 
tinguish tlie  remaining  stars,  according  to  their 
apparent  brilliancy,  by  the  letters  a,  b,  o,  d,  &c,; 
and  if  more  stars  slill  remaiii  to  hi  distinguished, 
tliey  resort  to  numerals, — thus,  a2,d4,  &,o.  From 
this  mode  of  distinguishing  the  apparent  magni- 
tude of  the  stars,  the  reader  will  easily  perceive  that 
those  stars  which  are  distinguished  by  the  first 
letters  of  the  Greek  alphabet  are  the  largest  iu 
any  particular  constellation,  while  those  which 
are  marked  with  letters  toward  the  close  of  the 
alpiiabet  are  among  the  smaller  stars. 
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CHAPTEE  III. 

ON  THE  PROPRIETY  OF  ADOPTING  A  MORE  NATURAL  ARRANGEMENT  AND 
DELINEATION  OF  THE  STARRY  GROUPS. 


The  figures  of  the  celestial  constellations  to 
which  we  have  now  adverted  are  still  depicted  ia 
our  celestial  globes  and  planisjjheres,  and  present, 
in  my  opinion,  a  very  awkward  and  unnatural 
representation  of  t!»e  starry  heavens.  It  is  rather 
a  strange  circumstance,  that  for  a  period  of  more 
than  two  thousand  years  the  t'lrmanipnt  has  been 
contemplated,  and  the  arrangement.^!  of  the  bodies 
it  contains  studied,  through  the  medium  of  bears, 
serpents,  lizards,  rams,  whales,  centaurs,  dolphins, 
flying-horses,  three-lvaded  dogs,  hydras,  dragons, 
and  many  other  grotesque  and  incongruous 
figures.  The  sublime  wonders  of  the  evening 
H.ky  have  thus  been  associated  with  a  group  of 
mean,  ridiculous,  and  imaginary  object:^,  of  which 
we  have  scarcely  any  prototype  in  nature,  and  in 
which  there  is  not  the  least  shadow  of  a  resem- 


blance to  the  objects  they  are  intended  to  repre- 
sent. When  the  young  student  of  astronomy 
wishes  to  distinguish  particular  assemblages  of 
suns  and  systems  of  worlds,  he  is  required  to 
connect  them  in  his  imagination  with  wolves, 
lions,  snakes,  and  numerous  fantastical  figures, 
which  are  bent  and  twisted  into  unnatural  shapes, 
which  have  as  little  resemblance  to  the  objects  iu 
the  heavens  as  the  gloo.m  of  midnight  to  the 
splendors  of  the  meridian  sun.  Such  representa- 
tions have  a  tendency  to  convey  to  juvenile 
minds  a  mean  idea  of  the  most  august  bodies  in 
nature,  and  of  the  ample  spaces  which  surround 
them,  and  in  which  they  perform  their  revo- 
lutions. 

The   terms  used  in  any  science,  the  mode  of 
communicatLug  its  instructions,  and  the  delinea- 
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tions  which  such  instructions  require,  ought 
undoubtedly  to  be  acconnmodated  to  tho  discove- 
ries vvliich  have  been  in:ule  in  the  course  of  ages, 
and  to  the  present  state  and  objects  of  that 
science;  and  unless  wo  can  show  that  the  terms 
and  figures  to  w.  ich  I  allude  are  the  best  calcu- 
lat  d  to  the  present  state  and  objects  of  astrono- 
mical science,  and  fitted  to  assist  the  student  in 
forming  natural  and  correct  ideas  of  the  arrange- 
ment of  the  celestial  orbs,  it  is  expedient  that 
some  change  and  improvement  in  this  respect 
should  be  adopted,  in  accordance  with  the  new 
modilicatioiis  and  arrangements  which  have  been 
introduced  into  otlier  departments  of  science. 
The  jjropriety  of  introducing  some  changes  in 
delineating  the  constellations,  and  in  their  nomen- 
clature may  perhaps  appear  from  the  following 
considerations: 

1.  The  natural  and  hieroglyphic  figures  now 
in  use  have  no  resemblance  to  the  groups  of  stars 
they  are  intended  to  represent.  What  resem- 
blance, for  example,  exists  between  an  eagle,  a 
wolf,  a  centaur,  a  fl,ying-fish,  or  Hercules  with 
his  club — and  the  constellations  which  bear  their 
names  and  are  attempted  to  be  delineated  by  their 
figures?  Even  when  imagination  has  stretched 
itself  to  the  utmost  in  order  to  fancy  a  resem- 
blance, it  is  obliged  to  represent  such  creatures  in 
the  most  unnatural  positions;  and  after  all,  it  is 
found  impossible  to  bend  and  twist  their  wings, 
and  legs,  and  tails,  and  claws,  in  such  a  manner 
as  to  take  in  all  the  stars  in  the  group,  some  pretty 
conspicuous  ones  being  still  left  unformed  in  the 
intermediate  spaces.  Bolide,  the  discovery  of  new 
stars  by  the  telescope  has  now  completely  de- 
ranged the  figures  of  the  ancient  constellations; 
so  tliat  however  much  the  legs,  arms,  and  feet  of 
the  figures  may  be  twisted,  they  cannot  be  made 
to  coincide  with  hundreds  of  stars  which  are 
known  to  exist.  The  only  constellations  which 
may  be  said  to  bear  a  very  rude  resemblance  to 
the  natural  figures  are  Orion  and  Ursa  Major;  but 
even  in  these  the  resemblance  is  vei-y  distant. 
Hence  what  is  commonly  called  a  bear  is  also 
conceived  to  resemble  a  plow  and  a  iragon,  and  is, 
by  the  vulgar,  distinguished  by  these  names. 
Hence,  also,  different  nations  represent  the  same 
constellation  by  difl'.rent  figures: — thus,  instead 
of  our  hieroglyphic  delineations,  the  Hindoos 
have  bespattered  the  firmament  with  bedsteads, 
dogs'  tails,  ear-rings,  couches,  elephants'  teeth, 
cats'  claws,  red  saffron,  children's  pencils,  lions' 
tails,  festoons,  wheels,  razors,  pieces  of  coral, 
pearls,  and  other  whimsical  objects  equally  appro- 
priate.* 

In  a  judicious  comparison  of  the  figures  of  the 
different  clusters  of  stars  with  any  other  object, 
for  the  purpose  of  a  name  or  reference,  the  figure 
of  the  particular  cluster  ought  first  to  be  accu- 
rately considered,  and  then  an  object,  having  as 
near  a  relation  to  it  as  possible,  should  be  fixed 
upon  as  its  representation.  But  an  order  exactly 
the  reverse  of  this  seems  to  have  been  adopted  by 
the  ancients  in  their  arrangement  and  nomencla- 
ture of  the  constellations.  They  first  fixed  upon 
the  heroes,  animals,  and  mythological  figures 
which  they  intended  to  place  in  the  celestial 
vault;  and  then  attempted,  if  possible,  to  bend  the 
clusters  of  stars  to  correspond  with  them — a  most 
absurd,  unscientific  and  unnatural  procedure. 
And  sliall  all  succeeding  astronomers  in  every 
uation  tacitly  give  their  approbation  of  such  rude 
and    injudicious   arrangements,  as   if  they  were 


*  See  "Asiatic  Researches,"  Vol.  ii.  Art.  16 — Antiquity 
•f  the  Indian  Zodiac. 


unqualified  for  forming  a  more  scientific  and  deG- 
nite  outline  of  the  sublime  spaces  of  the  firma- 
ment? 

2.  The  figures  now  in  use  tend  to  convey  a 
mean  idea  of  the  objects  they  are  intended  to 
represent.  Wlien  the  stars  were  considered  as 
merely  a  number  of  tapers  or  studs  fixed  in  the 
vault  of  heaven,  solely  for  the  purpose  of  sliedJing 
a  few  glimmering  ra\s  on  th"  earth  and  adorning 
the  canopy  of  our  habitation,  it  might  not  appear 
quite  so  incongruous  to  represent  their  different 
groups  by  "corruptible  men,  and  birds,  and  four- 
footed  beasts,  and  creeping  things."  But  now 
that  the  astronomer  viows  the  stars  as  so  many 
suns  and  systems  of  worlds,  dispersed  through 
the  immensity  of  space,  the  association  of  such 
august  objects  with  representations  so  silly  and 
whimsical  as  the  mythological  figures  delineated 
on  our  globes,  produces  not  only  a  ludicrous 
effect  by  the  greatness  of  the  contrast,  but  for  tho 
same  reason,  tends  to  lesson  the  idea  of  sublimity 
which  naturally  strikes  the  mind  on  the  contem- 
plation of  such  a  stupendous  scene.  Every  one 
knows  how  much  things  great  and  noble  are 
debased  by  being  placed  in  intimate  connection 
with  little  and  ignoble  olijects,  and  must  feel  the 
force  of  this  association  in  the  following  lines  of 
Hudibras: 

"And  now  had  Phtebiis  in  the  lap 
or  Tlielii  talcen  out  liis  nap; 
And  lil<e  a  lobster  boil'd,  the  morn. 
From  black  to  red  began  to  turn." 


Again — 


"Cardan  believed  preat  states  depend 
Upon  the  tip  ot'  tlie  Dear's  tail's  end; 
Tlial  as  slie  wliiok'd  it  toward  the  sun, 
Strew'd  miglily  empires  up  and  down." 

Again — 

"Who  made  the  Balance,  and  whence  came 
The  Bull,  the  L\mi,  and  the  Ramf 
Did  not  we  hear  the  Jlr^v  rig? 
Wake  Berenice's  Periwijj? 
Wliose  livery  does  the  CoMhman  wear? 
Or  who  inade  Casiiopcia's  chair? 
And  therefore  as  they  came  from  hence, 
With  us  may  hold  intelligence." 

Such  an  effect  the  celestial  hieroglyphics  have 
a  tendency  to  produce,  when  placed  in  association 
with  the  august  objects  of  the  sky. 

3.  They  tend  to  lead  us  back  to  the  dark  and 
rude  ages  of  the  world,  and  to  familiarize  our 
minds  to  those  crude,  chimerical,  and  absurd  con- 
ceptions which  ought  now  to  descend  into  obli- 
vion. The  signs  of  the  zodiac  and  most  of  the 
other  constellations  were  invented  by  the  Egyp- 
tians or  Chaldeans  to  perpetuate  the  memory  of 
some  of  their  rude  and  barbarous  heroes,  to  assist 
them  in  their  absurd  and  idolatrous  worship,  or 
to  serve  the  foolish  and  impious  pretensions  of 
astrology.  In  neither  of  these  respects  can  the 
celestial  hieroglyphics  be  interesting  or  instructive 
to  the  modern  student  of  astronomical  science, 
but  they  are,  in  almost  every  point  of  view,  asso- 
ciated with  opinions,  practices,  and  representa- 
tions, which  deserve  the  most  marked  reprobation; 
tliev  also  distract  the  attention  by  turning  it  aside 
from  tho  direct  objects  of  the  science  to  the  in- 
vestigation of  their  fabulous  history.  How  riJicu- 
lous  the  story  of  Calisto  and  her  son  Arces,  whom 
the  rage  of  Juno  turned  into  bears,  which  now  cir- 
culate about  the  north  pole  I — the  story  of  Medusa, 
whose  golden  hair  Minerva  turned  into  snakes,  and 
of  the  winged  horse  which  S])rnng  from  the  blood 
which  guslied  out  in  striking  off  Medusa's  lieaJl — 
the  story  of  Orion,  who  was  produced  from  tlie  iiid» 
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of  an  ox  moistened  v.itli  wine! — the  story  of  the 
J)ragoii  vvliicli  {riiariied  the  golileii  apples  iu  the 
garden  of  the  Hcsperides,  and  was  taken  up  to 
heaven  and  made  a  consteliatlon  on  account  of  his 
faithful  services! — the  story  of  Andromeda,  of  the 
Swan,  of  Perst;us,aud  a  hundred  others  of  u  simi- 
lar description ! 

Sucii  is  the  heaven  of  the   pagans — a  common 
receptacle  of  all  ranks  of  creatures,  real  and  ima- 
ginary, without  distinction  or  order;  a  wild  niis- 
cellany   of   everything   that   is    false,    grotesque, 
and  chimerical.     Such  fantastical  groups,  which 
occupy  the  "houses  of  the    Zoiiiuc,"    and    other 
compartments  of  the  sky,  may  comport  with  the 
degrading  arts  of  the  astrologer,  hut  they  are  not 
only  incompetent  to  the  purposes,  l)ut  completely 
repugnant  to  the  noble  elevation  of  modern  astro- 
nomical  science.     How   incongruous,  tlien,  is  it 
that  such  representations, the  wildest  hallucinations 
of  the  human  mind,  should  he  blazoned  in  such 
brilliant  colors  upon  our  globes,  and  that  a  consid- 
erable portion  of  our  astronomical  treatises  should 
be  occapii='iJ  in  detailing  their  mythological  history? 
Because  a  few  shepherds  in  the  plains  of  Babylon, 
or  on  the  banks  of  the  Nile,  arranged  and  delineat- 
ed the  heavens  according  to  the  first  crude  con- 
ceptions   wiiich  arose  in  their  minds,  are  these 
cliinierical  representations  to  guide  the  astrono- 
mers of  every  nation,  and  throughout  all  succeed- 
ing generations?     It  becomes  the  astronomers  of 
the  present  day  to  consider,  whether  they  intend 
to  transmit  to  the  enlightened  generations  of  the 
twentieth  or  thirtieth  centuries  the  sublime  dis- 
coveries of  modern  times,  which  have  transformed 
the  heavens  into  an  immense  assemblage  of  suns 
and    worlds, —  incorporated    and    disfigured    with 
hydras,  gorgons,  flying-horses,  three-headed  dotrs, 
and    other   "dire    chimeras;"    or   whether    they 
might  not  be  as  well  qualified  as  the  shepherds  of 
Chaldea  to  reduce  the  starry  groups,  in  the  concave 
of  the  firmament,  to  a  more  natural,  simjde,  and 
scientific  arrangement. 

4.  The  constellations,  as  presently  depicted  on 
our  globes  and  planispheres,  convey  an  unnatural 
and  complex  representation  of  the  heavens,  which 
tends  to  confuse  the  imagination  of  the  juvenile 
student.  On  some  celestial  globes  which  I  have 
inspected,  the  natural  and  hieroglyphic  figures  are 
so  prominently  engraved,  and  the  colors  with 
which  they  are  bespattered  so  deep  and  vivid,  that 
the  stars,  appeared  not  only  as  a  secondary  ob- 
ject, but  were  almost  invisible,  except  on  a  very 
minute  inspection.  The  animals  were  so  nicely 
drawn,  and  exhibited  such  a  glare  of  variegated 
colors,  that  the  sphere  appeared  more  like  a  young 
miss's  plaything  than  a  delineation  of  the  starry 
heavens.  It  seems  as  if  the  engraver  had  been 
afraid  lest  his  pretty  little  dogs,  and  serpents,  and 
scorpions,  and  tlying-horses,  anrl  crabs,  and  liz- 
ards, should  have  been  disfigured  by  the  radiated 
groups  of  stars  which  spotted  the  pretty  creatures; 
and  therefore  lie  threw  them  into  the  shade,  in 
order  that  tlie  artificial  globe,  which  a  late  philoso- 
pher calls  "a  philosophic  toy,"  might  prove  no- 
thing more  to  the  fair  one,  who  occasionall}' twirl- 
ed it  round  its  axis,  tiian  a  beautifully-colored 
ball  to  fill  up  a  niche  in  her  parlor  or  bed  room. 
The  same  tiling  appears  in  many  of  our  planis- 
pheres of  the  heavens,  on  the  first  opening  of 
which  one  would  imagine  he  was  about  to  ins])ect 
the  figures  connected  with  the  natural  history  of 
animals,  or  the  fantastical  representations  illustra- 
tive of  the  system  of  pagan  mythology.  What- 
ever may  be  said  of  the  utility  of  such  delineations 
it  is  evident  they  present  a  very  awkward  and  un- 
natural  represenlatiou  of  the  beautiful  and  varie- 


gated scenery  of  a  starry  sky;  and  hence  it  is  that 
a  young  person  wlio  >vislies  to  acquire  a  general 
knowledge  of  the  positions  of  the  princijial  stars 
finds  it  extremely  dilficult  to  recognize  them  by 
our  present  maps  and  planispheres,  on  account  of 
their  being  so  much  interwoven  with  extraneous 
objec ts,ana  on  this  account,  present] nga])j)earances 
so  very  diti'erent  from  v/hat  they  do  in  tlie  lieavena. 
For  these  and  many  other  reasons,  it  appears 
expedient    that  some    change      or    modification* 
should  be  ado|)ted  in  the  arrangf^nent  and  deline- 
ation of  the  celestial  orbs.     Were  any  scheme  of 
this  kind  attempted,  it  would  be  proper  to  proceed, 
on  the  following  principle,  among  others — name- 
ly, to  qive  names  to  the  starry  yroups  from  objects 
which  bear  the  nearest   resemblance  to  the   actual 
figures  which  appear  in  the  heavens.     I  shall  not 
presume  at  present    to    determine  what  are  tho 
particular    objects    which  might  be    selected  for 
representing  the  constellations;    as  it  would  re- 
quire a  combination  of  astronomers  to  enter  par- 
ticularly into  the  discussion.     It  is  evident,  how- 
ever, ttiat  a  number  of  clusters  might  be  reduced 
to  mathematical  figures  and  diagrams;  and  in  so  far 
as  these  were  found  to  resemble  the  starry  groups 
they  would  form  a  natural  representation.     For 
there   actually  appear  in    the  heaven — triangles, 
squares,  parallelograms,  pentagons,  crosses,  trape- 
ziums, perpendicular  and  parallel  lines,  and  va- 
rious combinations  of  geometrical  schemes,  some 
of  which  might  be  selected  for  the  purpose  propo- 
sed.    It  would  be  expedient  that  as  many  as  pos- 
sible of  the  old  constellations  should  be  preserved 
entire;  such   as  Orion,  Ursa  Major,  and  others; 
and  that  those  which   behooved  to  be  somewhat 
deranged  should  be  so  divided  as  that  two  or  more 
of   the    new-formed  constellations  should  exact- 
ly correspond  to  one  of  the  old,  and  vice  versa. 

To  any  proposal  of  this  kind,  however,  I  am 
aware  that  many  objections  would  be  raised,  par- 
ticularly that  it  would  introduce  confusion  into 
the  science  of  astronomy,  especially  when  refer- 
ences are  made  to  ancient  catalogues  and  observa- 
tions. It  is  well  known  however  that  a  similar 
difficulty  has  been  overcome  in  reference  to  the 
science  of  chemistry.  The  new  nomenclature, 
which  was  intended  to  express  the  nature  of  the 
substance  by  the  name  which  is  attached  to  it, 
though  at  first  scouted  by  many  eminent  chemists 
an.d  philosophers,  is  now  universally  adopted,  and 
has  introduced  both  simplicity  and  precision  into 
the  science.  The  same  may  be  said  of  the  depart- 
ments of  geology,  botany,  zoology,  mineralogy, 
and  meteorology.  The  principle  now  proposed  in 
reference  to  the  constellations  is  materially  the 
same  as  that  which  led  to  the  adoption  of  a  new 
chemical  nomenclature;  and,  with  regard  to  Iho 
inconveniences  attending  a  new  set  of  terms,  it 
may  be  observed,  in  the  words  of  M.  B.-rgman, 
that  "those  who  are  already  possessed  of  know- 
ledge cannot  be  deprived  of  it  by  new  terms;  and 
those  who  have  their  knowledge  to  acquire  will  be 
enabled,  by  an  improvement  in  the  language  of 
the  science,  to  acquire  it  sooner." 

The  opposition,  however,  which  is  generally 
made  to  every  innovaiion,  whether  in  science  "or 
religion,  the  high  respect  in  which  everything  is 
held  which  has  the  sanction  of  antiquity,  the  dif- 
ficulty of  forming  such  an  arrangement  as  would 
combine  simplicity  with  accuracy,  and  meet  the 
approbation  of  astronomers,  will  probably  post- 
pone the  attempt  to  some  distant  period.  I  would 
therefore  projiose,  in  the  meantime,  as  matters 
now  stand,  one  or  other  of  the  following  plans 
for  ailoption: — 1.  That  the  stars  be  depicted  ou 
celestial  globes  and  planispheres  iu  their  true  po- 
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sitions.  and  apparent  magnitudes,  witliont.  being 
conneofud  with  any  hieroglyphic  delineations; 
the  dilferent  conslelhitions  still  retaining  their 
former  names.  By  tliis  plan,  the  different  clusters, 
not  being  encumbered  and  buried,  as  it  were,  in  a 
medley  of  grotesque  and  extraneous  representa- 
tions, would  appear  in  their  natural  simplicity, 
without  di.-^tonion  and  confusion,  so  tliat  tlie 
^lobo,  being  rectified  to  any  particular  position  of 
the  heavens,  would  appear  a  natural  as  well  as 
nccurate  representation  of  the  corresponding  orbs 
of  the  firmament.  To  distinguish  tlie  bounda- 
ries of  tl)e  constellations,  a  dotted  line  might  be 
drawn  around  them,  and  each  of  them  receive  a 
Tery  slight  tint  of  coloring,  so  that  their  shape 
and  limits  may  be  distinguished  at  a  glance.  Or, 
2.  Instead  of  engraving  the  stars  on  a  wiiite 
ground,  as  is  always  done  on  the  globes,  let  them 
be  engraved  on  a  black  or  a  dark-blue  ground,  so 
that  tlie  several  stars  may  a]ipear  as  so  many 
white  specks,  varying  in  size  according  to  their 
apparent  magnitudes,  with  a  white  l;)order  (whicli 
might  be  colored  if  deemed  expedient)  around 
each  constellation,  to  mark  its  boundaries.  On 
this  plan  the  principal  stars  in  the  constellation 
OrtoJi,  with  its  boundary,  would  appear  nearly  as 
represented  in  the  following  cut. 
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This  mode  of  delineation  would  exhibit  the 
jBost  natural  representation  which  can  be  made, 
on  a  convex  surface,  of  the  appearance  of  the 
starry  sky.  I  am  fully  persuaded  that  globes,  with 
either  of  these  modes  of  delineation,  particularly 
the  last,  would  be  prized  by  a  numerous  class  of 
individuals;  as  I  have  seldom  conversed  with  any 
person  on  this  subject  who  would  not  have  pre- 
ferred such  a  simple  and  natural  delineation  to 


those  v.'hich  are  bespattered  with  the  mytholugicaj 
figures.  Should  it,  however,  be  deemed  necessary, 
in  cases  of  particular  and  minute  reference,  to 
have  globes  and  planispheres  on  the  common 
plan,  a  number  of  delineations  of  both  kinds  might 
be  engraved  to  :-uitthe  taste  of  diti'ercutindiviJual.s* 
and  tliosg  to  whom  money  is  no  great  object 
would  furnish  themselves  with  one  of  each  de- 
scriplion,  so  that  the  one  globe  would  prove  a  mu- 
tual assistance  to  the  other.* 

That  the  opinions  I  liave  now  expressed  on 
this  subject  are  not  altogether  singular  will  ap- 
pear from  the  following  extract  from  Sir  J.  Her- 
schel's  "Astronomy."  "Of  course  we  do  not  here 
speak  of  those  uncouth  figures  and  outlines  of 
men  and  monsteis  v.'hich  are  usually  scribbled 
over  celestial  globes  and  maps,  in  a  ruae  and 
barbarous  way,  to  enable  us  to  talk  of  groups  of 
stars,  or  districts  in  the  heavens,  by  names  which, 
though  absurd  or  puerile  in  their  origin,  it  would 
be  ditlicult  to  dislodge  them.  In  so  far  as  they 
have  really  any  slight  resemblance  to  the  figures 
called  up  in  imagination  by  a  view  of  the  mora 
splendid  '  constellations,'  they  have  a  certain 
convenience;  but  as  they  are  otherwisn  entirely 
arbitrary,  and  correspond  to  no  natural  subdivi- 
sions or  groupings  of  the  stars,  astronomers  treat 
them  iightiy,  or  altogellier  disregard  them,  except 
for  briefly  naming  particularstars,  as  atLeonis,  ^ 
Scor()io,  &c.,  by  letters  of  the  Greek  alphabet 
attached  to  them."  And  again, — "This  disregard 
is  neither  supercilious  nor  causeless.  The  con- 
stellations seem  to  have  been  almost  purposely 
named  and  delineated  to  cause  as  much  confu- 
sion and  inconvenience  as  possible.  Innumera- 
ble snakes  twine  through  long  and  contorted 
ai-eas  of  the  heavens,  where  no  memory  can 
follow  them  ;  bears,  lions  and  fishes,  large  and 
small,  northern  and  southern,  confuse  all  nomen- 
clature, &,c.  A  better  system  of  constellationa 
might  have  been  a  material  help  as  an  artificial 
memory."! 

*  Tlie  above  remarks  are  abridged  from  two  papers  on  thi« 
subject,  which  the  author  communicated  twenty  years  ago 
to  the  London  "  Monthly  Magazine"  for  October,  1818,  and 
January,  1819,  Vol.  46,  pp.  201,  and  500. 

t  Since  the  above  was  written  in  April,  18"^,  I  am  happy 
to  learn  that  the  "British  Association  tor  the  advancement  ol 
Science"  has  had  its  attention  directed  to  this  subject.  At 
the  meeting  at  New-Castle  in  Augnst,  18H8,  it  was  resolved, 
"That  it  is  desirable  that  a  revision  of  tiie  nomenclature 
of  the  stars  should  be  made,  with  a  view  to  ascertain, 
whether  or  not  a  more  correct  distribution  of  Ibem  among 
the  present  constellations,  or  such  other  constellations  as  it 
may  be  considereil  desirable  to  adopt,  may  be  fornjed."  At 
the  meeting  at  Birmingham,  August,  ]S"9,  the  committee 
appointed  to  report  on  this  snhject  stated,  "That  some  pro- 
gress has  been  made  in  reforming  the  nomenclature  of  the 
northern  constellations;  and  that  the  stars  in  the  soulherr 
have  been  commenced  laying  down  on  a  planisphere,  accor- 
ding to  their  ob;>erved  actual  magnituiles, for  the  purpose  of 
grouping  them  in  a  more  convenient  and  advantageous  man- 
ner."  It  is  hoped,  therefore,  that  we  shall  soon  be  presented 
with  an  arrangement  and  nomenclalnre  of  the  starry  groups, 
accordant  with  tlie  snb'ime  conceptions  and  discoveries  of 
modern  astronomy,  and  which  shall  preser.t,  on  out  glooc$ 
and  pinniphercs,  a  more  perspicuous  and  natural  :epre&ep 
tation  of  the  heavf  ns. 
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CHAPTER     IV 


ON   THE  DISTANCES   OF   THE   STARS. 


To  measure  the  length  and  broadlh  of  an  ex- 
tensive kingdom,  and  to  compute  its  dimoiisiojip, 
or  to  determine  the  distances  between  two  large 
Islands  or  continents,  was  formerly  reckoned  an 
achievement  of  considerable  magnitude ;  but  to 
measure  the  whole  earlii,  to  compute  its  area,  and 
to  determine  its  exact  figure  and  magnitude,  were 
considered  as  the  most  astonishing  enterprises 
ever  attempted  by  man,  and  almost  beyond  the 
reach  of  the  powers  with  which  he  is  endowed. 
Coiiiiued  to  a  small  spot  in  the  world  in  whicli 
he  dwells,  iiaving  no  scale  of  measurement,  in 
the  first  instance,  but  his  own  dimensions,  or  the 
length  of  a  rod  or  chain  formed  from  these  dimen- 
sions, how  can  he  measure  spaces  liundreds  of 
limes  greater  tiian  the  extent  of  his  whole  visible 
horizon?  how  can  he  compute  the  distance  and 
dimensions  of  places  wliich  he  lias  never  visited, 
end  some  of  which  lie  never  can  visit,  and  em- 
brace the  whole  amplitude  of  a  world  vvliich  has 
never  been  thoroughly  explored?  The  hight  of 
his  body  is  but  a  fathom,  and  the  length  of  his 
chain  but  a  scorj  of  fathoms,  and  such  measures 
dwindle  into  mere  points  when  compared  with 
the  dimensions  of  the  earth.  Hence  it  happened 
that  many  ages  elapsed  before  tlie  figure  and 
dimensions  of  the  world  in  which  we  dwell  were 
nearly  ascertained.  The  powers  of  the  human 
mind,  however,  when  called  into  action  and 
properly  exercised,  are  not  only  capable  of  such 
enterprises,  but  adequate  to  the  performance  of 
still  more  elevated  achievements.  When  the 
mind  of  man  is  determined  on  the  pursuit  of 
knowledge,  and  bent  upon  improvement,  difficul- 
ties, however  great,  only  serve  as  incitants  to 
action  and  perseverance,  and  to  stinmlale  his 
energies  to  their  highest  pitch  of  exertion.  He 
multi])lies  small  measures  until  he  arrives  at 
greater;  he  combines  units  into  tens,  tens  into 
hundreds,  hundreds  into  thousands,  and  thousands 
into  millions.  He  combines  lines  into  angles, 
angles  into  triangles;  compares  triangles,  squares, 
and  circles  together ;  ascertains  their  peculiar 
properties  and  relations ;  and,  from  the  conclu- 
sions he  deduccf!,  constructs  instruments  and  as- 
certains principles  which  enable  him  not  only  to 
measure  the  dimensions  of  this  lower  world,  but 
the  magnitudes  and  distances  of  the  globes  which 
roll  around  liim  in  the  heavens. 

Tliere  is  no  saying  at  what  point  the  human 
faculties  will  stop  when  once  they  are  aroused  to 
active  operation,  and  stimulated  to  exert  all  th'^ir 
energies.  We  have  not  only  ascertained  the 
bulk  of  the  terraqueous  globe,  its  spheioi.lal 
figure,  its  diurnal  and  annual  motions,  and  the 
relation  in  which  it  stands  to  other  bodies  in  the 
universe,  but  we  have  determined  the  dimensions 
of  the  solar  system,  and  the  distances  and  magni- 
tudes of  most  of  the  bodies  it  contains,  so  that 
we  can  now  speak  with  as  much  certainty  of  the 
distance  of  the  sun,  or  of  Jupiter  and  Saturn,  as 
we  can  do  of  the  distance  of  London  from  Paris, 
or  of  the  distances  of  any  two  places  on  the  sur- 
face of  the  earth.     This  is  an  achievement  which  ' 


at  first  view  might  have  appeared  beyond  tho 
power  of  hunjan  genius  to  accomplish  ;  but  by 
llie  unwearied  objicrvations  of  modern  astrono- 
mers, and  the  application  of  mathematical  princi- 
ples to  such  observations,  they  have  bi^en  enabled 
to  trace  the  exact  movements  of  the  machinery 
which  is  in  operation  around  us,  and  to  deterinino 
with  precision  the  relative  distance  and  positioa 
of  every  planet  within  the  system  of  the  sun. 
There  are  limits,  however,  i'eyond  which  it  is  iffi- 
cult  for  the  human  faculties  to  penetrate.  The 
planetary  system  comprises  an  area  so  vast  that 
imagination  is  almost  losfin  the  conception.  A 
circle  drawn  around  its  circumference  would 
measure  more  than  eleven  thousand  millions  of 
miles;  and  a  body  moving  at  the  rate  of  thirty 
miles  an  hour  would  require  above  forty-two 
thousand  years  to  coniplete  the  circuit;  still  these 
vast  dimensions  are  within  the  limits  of  measura- 
ble distance.  But  when  we  attempt  to  pass  be- 
yond the  boundaries  of  this  system  into  the 
illimitable  spaces  which  lie  beyond,  all  our  usual 
modes  of  computation  begin  to  fail,  and  the  mind 
is  overpowered  and  bewildered  amidst  boundless 
space,  and  the  multiplicity  of  orbs  which  fill  the 
regions  of  immensity.  We  can  tell  that  some  of 
the  nearest  of  these  orbs  are  not  within  a  certain 
distance,  but  how  far  they  may  lie  beyond  it  tho 
most  expert  astronomer  has  never  yet  been  able 
to  compute. 

The  principal  mode  by  which  the  distance  of 
the  fixed  stars  has  been  attempted  to  be  deter- 
mined is  by  endeavoring  to  ascertain  whether  any 
of  them  liave  an  annual  parallax.  I  have  al- 
ready explained  the  mode  by  which  the  distances 
of  the  sun,  moon,  and  [ilanets  is  determined  by 
means  of  the  horizontal  parallax,  or  the  angle 
under  which  the  earth's  semi-diameter  is  seen  at 
any  of  these  bodies.*  But  such  a  mode  is  alto- 
gether inapplicable  to  the  fixed  stars,  whose  dis- 
tances from  the  eartli  is  so  great  that  the  horizon- 
tal parallax  is  quite  imperceptible.  Astronomers 
have  therefore  attempted  to  find  _a  parallax  by 
using  the  whole  diameter  of  the  earth's  annual 
orbit  as  a  base  line, — namely,  one  hundred  and 
ninety  millions  of  miles, — and  endeavoring  to 
ascertain  whether  any  of  the  fixed  stars  appear 
to  shift  their  position  when  viewed  from  the  op- 
posite extremities  of  this  line.  The  nature  and 
mode  of  this  investigation  will  appear  from  the 
following  explanations: 

The  axis  of  the  earth  extended,  being  carried 
parallel  to  itself  during  its  annual  revolution 
round  the  sun,  describes  a  circle  in  the  sphere  of 
the  fixed  stars  equal  to  the  orbit  of  the  earth. 
Thus  (fig.  5),  let  A  B  C  Dhe  the  orbit  of  the 
earth,  S  the  sun,  the  dotted  lines  the  axis  of  the 
earth  extendi-d;  this  avis,  when  the  earth  is  at  A, 
points  at  a  in  the  sphere  of  the  heavens,  when 
the  earth  is  at  B,  it  points  at  b;  when  at  C,  it 
])oints  at  c;  and  when  at  D,  it  points  at  d;  so  that 
in  ihe  course'  of  a  year  it  describes  the  circle  a  6 

*  "  Celestial  fc'ceucry,"  pp.  ]  10,  Itl. 
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c  d  in  thf^  sphprc  of  the  heavens,  equal  to  '.he 
circle  ^1  li  CD.  But  altlioufrh  the  orbil  of  ^the 
earth,  :nid  coii.scqiuuitly  tlie  circle  a  I)  c  d,  be  im- 
mensely large,  no  less  than  many  millions  of  miles 
in  diameter,  yet  it  is  but  a  point  in  comparison 
of  the  boundless  sphere  of  the  heavens.  Tlie 
angle  under  which  it  appears  to  an  inhabitant  of 
the  earth  is  insensible  by  any  instruments  or 
observations  that  have  hitherto  been  made,  and 
therefore  the.  celestial  poles  appear  in  the  same 
points  of  the  heavens  during  the  whole  of  the 
earth's  annual  course.  The  star  //  is  nearer  the 
point  «  th:ai  it  is  to  the  point  c  by  the  whole 
'ength  of  tlie  line  a  c,  yet  if  this  line  a  c,  great 
as  it  is  when  viewed  from  the  earth,  should  occu- 
py no  seic^ihlc  space  in  the  sphere  of  the  heavens, 
the  star  will  appear  at  the  same  distance  from  the 
pole  throughout  every  portion  of  the  annual  revo- 
lution, and  consequently  will  have  no  parallax, — 
which  is  found  to  be  the  fact. 

If  the  annual  parallax  of  a  fixed  star  were  sen- 
sible, the  star  would  appear  to  change  its  place  so 
as  to  describe  a  small  ellipsis  in  the  sphere  of  the 
heavens  in  the  course  of  a  year,  or  an  annual 
revolution  of  the  earth.  Thus,  let  G  E  F  I 
(fig.  6)  be  the  orbit  of  the  earth,  and  ,K  the  star 
to  be  observed, — if  we  imagine  a  straight  line  to 
be  drawn  from  the  earth  at  G  through  the  star  to 
a  point  in  the  heavens,  as  ati,  that  visual  line  (r 


Fig.  5. 
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i  being  carried  along  witli  the  earth  in  its  annual 
motion,  will  describe  the  ellipse  h  n  i;  in  other 
words,  the  motion  of  the  earth  round  its  orbit 
G  E  F  I  will  make  the  star  a|)pear  to  go  round 
the  ellipse  h  n  i.  If  the  star  K  were  in  the  pole 
of  the  ecliptic,  the  ellipse  it  described  would  liave 
the  same  eccentricity  as  the  orbit  of  the  earih, 
and  consequently  would  differ  very  little  from  a 
circle;  if  it  were  at  any  distance  from  the  pole 
of  the  ecliptic,*  the  greater  that  distance,  the 
more  oblong  would  be  the  ellipse.  If  the  star 
were  in  the  plane  of  the  ecliptic,  the  ellipse  would 
become  a  straight  line,  as  i  h,  in  which  the  star 

^Tlm  poh  of  the  ellipse  is  that  point  in  the  heavens 
which  is  farthest  distant  li'om  the  plane  of  the  earth's  orhit, 
or  1)1)^  from  every  part  of  it,  as  llio  north  pole  of  the  earth  is 
the  point  distant  9(P  from  the  eiiuator.  The  pole  af  any 
circle  is  a  point  on  the  snrfate  of  the  spl-.ere  'MP  dista.it 
from  everj  jiurt  of  thut  circle  of  whiuh  it  !•  the  pole 


would  appear  to  move  one-half  of  tlie  year  accor- 
ding to  the  order  of  the  signs,  and  contrary  to  tho 
irder  of  the  signs  during  the  other  half, — some- 
what similar  to  the  appearance  which  the  moons 
of  Jupiter  present  when  moving  between  the 
opposite  points  of  their  orbits.  If  therel'orc  the 
stars  were  at  a  moderate  distance  from  the  earth, 
so  that  the  diameter  of  the  earth's  orbit,  G  F, 
bore  a  sensible  [froportion  to  that  distance,  the 
star  would  be  found  at  one  time  of  the  year,  sup- 
pose the  month  of  December,  at  the  point  i,  and 
at  the  opposite  season,  in  the  month  of  June,  at 
the  point  h;  and  if  the  angle  i  K  h,  whicli  is  equal 
to  the  angle  G  K  F  could  be  found,  it  would  con- 
stitute what  is  termed  the  annuul  parallax;  and 
having  obtained  this  parallax,  and  knowing  the 
extent  of  the  base  Ihie  G  F,  or  the  diameter  of 
the  earth's  orbit,  the  distance  of  the  stars  whose 
parallax  was  ascertained  could  then  be  determined 
by  an  easy  process  in  trigonometry;  for  as  radius: 
is  to  the  sine  of  the  angle  i  K  h  =  G  K  F :  :  so 
is  the  diameter  of  the  orbit  of  the  earth,  11)0,000,- 
000  of  miles  :  to  a  fourth  number,  which  would 
express  the  distance  of  the  particular  stars  from 
our  globe. 

But  this  angle,  in  respect  to  any  of  the  stars, 
has  never  yet  been  ascertained;  although  astrono- 
mers for  more  than  a  century  past  have  used  the 
most  accurate  instruments  which  ingenuity  could 
contrive,  and  the  most  unwearied  observations  in 
order  to  determine  it. 

Galileo  appears  to  have  been  the  first  who 
thought  of  trying  whether  the  annual  parallax  of 
the  stars  were  discoverable.  Taking  for  granted 
that  the  stars  are  placed  at  different  distances 
from  the  earth,  and  that  those  stars  which  are 
nearest  will  appear  the  largest,  he  suggested  that, 
by  observing  with  a  telescope  two  stars  very  near 
each  other,  one  of  the  greatest  and  the  other  of 
the  least  magnitude,  their  apparent  distance  from 
each  other  might  perhaps  be  found  to  vary  as  they 
were  viewed  from  different  parts  of  the  earth's 
orbit  at  different  times  of  the  year;  but  no  change 
of  position  whatever  was  at  that  period  perceived 

If  any  change  of  this  kind  were  perceptible,  it 
behooved  to  be  a  change  either  in  the  longitude  or 
latitude  of  the  stars  fixed  upon  as  the  subject  for 
observation.  These  are  found,  not  directly,  but 
b)'  first  determining  their  declination  and  right 
ascension.  The  declination  of  a  star  is  found  by 
taking  its  meridian  altitude,  and  subtnicting  the 
bight  of  the  equator;  the  right  ascension  is  found 
by  the  time  of  its  coming  to  tho  meridian.*  VVe 
have  thus  two  methods  pointed  out  of  attempting 
to  determine  the  annual  parallax  of  the  stars:  (me, 
liy  observing  if  any  change  can  bo  discovered  in 
the  meridian  altitudes  of  the  same  star  at  diiferent 
times  of  the  year ;  the  other ,  by  examining 
whether  the  intervals  of  time  between  any  two 
stars  coming  to  the  meridian  are  equal  through- 
out the  year.  If  there  be  any  sensible  change 
of  declination  in  any  of  the  stars,  it  must  be 
greatest  in  those  which  are  near 'the  poles  of  the 
eeliptic;  but  the  change  of  right  ascension  must 
be  greatest  in  stars  in  the  solstitial  colure,  and 
nearest  the  pole  of  the  equinoctial. 

"  The  latitude  of  a  star  is  its  distance  from  the  rdiptie, 
"ither  north  or  south,  counted  toward  the  pole  uf  the  et'lip- 
tic.  Its  latgitnilc  is  its  distance  from  tho  first  pmnt  of  Aries, 
reckoned  eastward  on  (he  ecliptic,  Tlie  declination  of  a 
star  is  its  distance  from  the  c'lviiwctiul  north  or  sonth,  and 
the  fireatest  rieelinalion  it  can  have  is  00^.  Its  rig/it  n^ccit- 
s'on  is  its  distance  from  the  first  point  of  Aries,  reckoned  on 
the  r<7«iHorfta/ eastward  ronnd  the  sphere  of  the  heavens, 
or  that  degree  of  tlie  eipiinoctial  which  comes  to  the  meri- 
dian with  the  star  liy  tlie  riijht  ascension  and  lieclination 
the  situation  nf  stars  in  the  heavens  is  determined,  as  thai 
of  places  on  the  earth  hy  longitude  acd  latitude. 
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Tiie  following  is  tlie  plan  by  which  tlie  disco- 
very of  tlie  auiuial  purallax,  by  the  cliange  of  the 
declination  of  the  .stars,  may  be  uttenipted.  Let  a 
telescope',  be  placed  perpendicular  to  the  horizon, 
and  through  this  instrument,  when  accurately 
adjusted,  ohseiTe  some  star  in  or  near  the  solsti- 
tial colure,*  which  passes  through  the  zenith,  or 
very  near  it.  If  the  paralla.x  of  the  star  be.  sen- 
Bible,  there  will  appear  a  citference  in  its  altitudes 
at  difFereut  periods  of  the  year,  and  its  altitudes 
at  the  two  solstices f  will  differ  most  from  each 
other.  In  the  month  of  June  a  star  that  passes 
through  the  zenith  of  any  i)lace,  in  north  latitude, 
will  in  December  pass  south  of  the  zenith,  and  a 
star  that  in  D.-cember  passes  through  the  zenith 
will  in  June  pass  to  tlio  north  of  it,  if  there  be 
any  sensible  parallax. 

The  celebrated  Dr.  Robert  Hook  was  among 
the  first  who  suggested  this  metliod  of  attempting 
to  find  the  parallax  of  the  stars.  In  the  year 
166!)  he  endeavored  to  put  it  in  |)ractice  at  Gre- 
sham  College,  with  a  telescope  thirty-six  feet  in 
length.  His  observation  was  made  on  the  6th  of 
July,  on  the  bright  star  in  the  head  of  Draco 
marked  Gamma.  On  that  day  it  passed  2'  12" 
north  of  the  zenith.  On  July  0th  it  passed  at  the 
same  distance  as  before.  On  the  6th  of  August 
the  star  passed  north  of  the  zi'nith  2'  6",  and 
on  the  21st  of  October  it  passed  1'  46"  north  of 
the  zenith.  But  at  that  period  astronomical  in- 
struments were  not  constructed  with  such  accu- 
racy as  to  enable  (he  observer  to  d/;termine  with 
precision  the  quantity  of  so  small  angles ;  and 
even  Dr.  Hook  himself  could  place  no  great  reli- 
ance on  such  observations.  In  the  year  1681), 
Flamstead,  the  astronomer  royal,  commenced 
similar  observations  with  an  instrument  adapted 
to  a  refracting  telescope  seven  feet  long,  and, 
after  numerous  observations,  he  supposed  that  he 
found  the  pole-star  nearer  the  pole  in  December 
than  in  the  months  of  April,  May,  July,  August, 
or  September;  and  that  its  apparent  distance  from 
the  pole  was  greater  in  April  than  in  September, 
and  greater  in  July  and  May  than  in  April;  and 
from  the  whole  of  his  observations  he  deduced 
that  its  apparent  distance  from  the  pole  in  June 
must  be  forty-six  seconds  different  from  that  in 
December.  But  even  Flamstead  himself  speaks 
of  these  observations  with  a  gr.eat  deal  of  diffi- 
dence, owing  to  his  doubts  about  the  regular  divi- 
sions of  his  instruments. 

From  these  observations  of  Hook  and  Flam- 
stead,  supposing  them  to  be  nearly  correct,  Mr. 
Whiston  computed  that  the  greatest  annual  paral- 
lax of  a  star  in  the  pole  of  the  ecliptic  is  forty- 
seven  seconds ;  and  hence  he  calculated  the 
distance  of  such  stars  to  be  about  9000  semidia- 
m"ters  of  the  earth's  orbit,  then  estimated  at 
eighty  millions  of  milea,  or  about  700,000,000,000, 
that  is  seven  hundred  thousand  millions  of  miles, 
— ;i  distance  so  gre-it  that  it  would  require  a  can- 
.  non  bill,  moving  500  miles  an  hour,  more  than 
160,000  years  to  move  across  this  i;nmense  inter- 
val. But  we  have  reason  to  believe  that  the 
distance  of  the  nearest  stars  from  our  globe  is  at 
least    forty  times    the    distance    now  stated  ;    for 


*  Tlie  colurcs  are  two  grent  circles  pa>siii»  through  tlie 
poles  of"  the  world;  one  of  them  pisses  throiiwli  the  equinoc- 
tial points  Aries  and  Ijihia,  whirli  is  e:illeil  the  equinoctial 
colure:  the  other  through  tlie  solstiti.il  points  Cancer  and 
Capriuorn  called  the  sdUtitial  colure.  They  are  drawn  on 
all  celestial  glohe*  and  planispheres. 

+  The  sol^titi ill jio'ints,  or  solstii^es,  are  where  the  ecliptic 
touches  the  tir  t  points  of  Cancer  and  Capricorn.  Tlie  suin- 
jer  solstice  is  on  the  21st  cf  June;  the  winter  solstice  is  on 
tlje  21st  of  Decenber. 


modern  astronomers  would  long  since  have  deter- 
mined the  annual  parallax  had  it  been  nearly  so 
great  as  Hook  and  Flamstead  supposed;  nay,  had 
it  amoufitcd  to  2"  instead  of  47"  this  grand  pro- 
blem, as  it  respects  the  nearest  sttxrs,  would  have 
been  resolved. 

The  human  mind,  wlien  ardently  engaged  in 
the  pursuit  of  any  object,  is  seldom  deterred  by 
difficulties;  and  astronomers  in  particular,  not- 
witiistanding  the  intricacies  and  ditficulties  con- 
nected with  many  of  the  objects  of  their  investi- 
gation, have  persevered  in  their  observations  and 
researches,  and  have  not  unfrequently  arrived  at 
the  most  important  and  unexpected  results.  In 
the  year  1725,  Mi-.  Molyneux,  doubtful  of  the 
accuracy  of  the  observations  of  Hook  and  Flam- 
stead, began  a  series  of  observations,  to  ascertain, 
if  possible,  the  true  annual  parallax.  Assisted  by 
Dr.  Bradley,  he  placed  a  telescope  of  twenty-four 
feet  long  perpendicularly  at  his  house  at  Kew, 
and  began  to  observe  the  same  b.igiit  star  in 
Draco  as  Hook  had  done.  From  the  3d  of  De- 
cember that  year  it  was  found  that  tlie  star  did 
not  sensibly  change  its  distance  from  the  zenith 
for  several  days.  On  December  17th  it  passed  a 
little  more  southerly,  and  continued  gradually  to 
pass  more  and  more  southerly  at  every  transit 
over  the  meridian  until  the  beginning  of  March, 
when  it  was  found  to  pass  Iwentj'  seconds  more 
southerly  than  at  the  time  of  the  first  observation. 
About  the  middle  of  April  it  appeared  to  be  re- 
turning toward  the  north,  and  at  the  beginning 
of  June  it  passed  the  meridian  at  the  same  dis- 
tance from  the  zenith  as  in  December,  when  it 
was  first  observed.  From  that  time  it  appeared 
more  and  more  northerly  at  every  transit  until 
September  following,  being  then  twenty  seconds 
more  imn/ur^y  than  in  June,  and  no  less  than 
thirty-iiiiii'  seconds  more  northerly  tha.n  in  March. 
From  September  tlie  star  returned  toward  the  south 
until  it  arrived,  in  December,  at  the  same  situa- 
tion in  which  it  was  found  u  twelvemonth  before. 

Fig.  7. 


Tlie  result  of  these  observaticns,  so  different 
from  what  was  expected,  was  a  matter  of  great 
surprise  to  the  observers;  foi  it  appeared  that  the 
star  was  ihirty-uiue  seconds  more  northerly   in 
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September  than- ill  March,  jw9/  the  contrary  to  what 
ii  ought  to  appear  by  the  anmtal  parallax  nj  the  stars. 
Tiiis  iriiiy  be  illiiatriitud  by  the  forfgoiiig  figure: 

Let  A  B  C  D  roprcaeut  the  orbit  of  the  eartli, 
and  A  and  C  the  place  of  the  earth  at  two  op- 
posite periods  of  the  year;  tiieu  a  fixed  object 
at  E  will  be  st;oii  from  tlie  earth  at  A^  in  the  line 
A  E,  wliicii  will  point  out  its  apparent  place  at  G 
in  the  concave  expanse  of  the  sky.  But  at  the  op- 
posite pe  iod  of  the  year  it  will  be  seen  from  the 
earth  at  C  in  the  line  C  E,  which  will  project  its 
place  in  the  heavens  at  F;  so  that  while  the  earth 
has  passed  from  A  to  C  the  object  will  appear  to 
have  moved  from  G  to  F,  through  the  space  G  F, 
provided  there  be  any  sensible  parallax.  Now, 
in  the  case  of  the  observations  stated  above,  the 
obsrrvers  who  in  Septemhr  saw  the  star  at  F,  did 
in  I't/rtrc/i  following  observe  it  at  K,  in  the  right 
line  A  K,  parallel  to'G  F,  and  not  at  G,  where  it 
ought  to  liavo  appeared  by  the  parallactic  motion; 
so  that,  instead  of  finding  a  parallax,  they  found 
a  result  directly  opposite  to  what  they  expected, 
which  exceetiintrly  perplexed  the  observei's,  and 
one  of  them,  Mr.  Molyneux,  died  before  the  true 
cause  of  it  was  discovered. 

Some  time  afterward.  Dr.  Bradley  repeated  the 
game  observations  with  an  instrument  of  great  ac- 
curacy, to  which  was  appended  a  telescope  tw-elve 
and  a  half  feet  long.  With  this  instrument, 
which  was  so  nicely  adjusted  that  he  could  depend 
upon  it  even  to  half  a  second,  he  continued  his  ob- 
servations for  more  than  two  years,  not  only  on 
the  blight  star  in  Draco,  above  alluded  to,  but  on 
many  other  stars,  and  always  observed  the  same 
appearances  and  arrived  at  the  same  results.  At 
last,  after  many  reflections  and  conjectures  on  the 
subject,  he  arrived  at  the  following  conclusion — 
namely,  thai  tlie  phenomenon  he  had  observed  was 
owing  to  "  the  progressive  motion  of  liglit,  and 
the  sensible  jiroporlion  which  its  velocity  bears  to 
the  velocity  of  the  annual  motion  of  the  earth.'" 
In  other  words,  that  the  innt'wn  of  Ii</ht,  combined 
with  the  proy restive  motion  of  the  earth  in  its  orbit, 
causes  the  stars  to  be  seen  in  a  different  position  from 
what  they  vould  be  if  the  eye  were  at  rest.  This 
position,  after  it  was  explained  and  demonstrated, 
was  considered  as  one  of  the  most  brilliant  discov- 
eries whiidi  had  been  brought  to  light  during  the 
last  century.  It  agrees  with  tliR  velocity  of 
light  wiiich  had  been  deduc^-d  from  the  eclipses 
of  Jupiter's  satellites,  and  it  amounts  to  a 
sensible  demonstration  of  the  annual  motion  of 
the  earth.  The  observations  which  led  to  this  dis- 
covery likewise  prove  the  immense  distance  of 
the  stars  from  the  earth;  for  Dr.  Bradley  assures 
us,  from  tlie  accuracy  with  which  they  were  con- 
ducted, that  if  the  annual  parallax  had  amounted 
to  so  much  as  one  sccond,\ie  should  have  discover- 
ed it. 

If,  then,  the  greatest  annual  pnrallax  of  the 
neareststars  does  not  amount  to  one  second,  their 
distance  must  be  immense.  Suppoj^ing  the  paral- 
lax to  be  exactly  one  second,  the  distance  of  a  star 
Irtving  this  parallax  will  be  found  by  the  following 
trigonometrical  proportion: — As  the  sine  of  I":  is 
to  radius  ::  so  is  the  semidiameter  of  the  earth's 
orbit:  to  a  fourth  number,  which  expresses  the 
distance  of  the  star.  Now,  a  parallax  of  one  sec- 
ond determines  the  object  to  be  2n^,(l(IO  times 
farther  from  the  earth  than  is  the  sun.  Tlie  dis- 
tance of  the  sun  is  O.'>,00!),000  of  miles,  which, 
multiplied  by  212,000,  produces  20,140,000,0011,- 
OUO,  or  more  than /weri/7/  billions  of  miles.  This 
distance  is  absolutelj^  certain:  it  follows,  as  a  mat- 
tor  of  course,  if  the  annual  paryllax  weredeterinin- 
ca  to  bo  one  second,  it  is   the  very  least  distance 


at  which  any  of  the  fixed  stars  car.  be  situated 
from  our  globe;  but  as  the  parallax  does  not 
amount  to  this  quantity,  their  distance  must  be 
much  farther  than  what  is  here  stated,  per'.rjpa 
not  less  than  double  *r  treble  that  distanc('.  Vv'e 
may  acquire  some  faint  idea  of  the  immenfj  dis- 
tance staled  above  by  considering  that  a  '.f .r  njD 
ball,  flying  with  uniform  velocity  500  mi'cM  every 
hour,  would  require  four  millions, and  f  re  f  t/  ndred 
and  ninety  five  thousand  years  before  it  crfcj  reach 
an  object  at  the  distance  we  have  sta'.eJ  Such 
are  the  ample  and  inconceivable  dir.i'.i,.'r<ris  of  the 
spaces  of  the  universe. 

Several  other  methods  have  beer.  •.<■  suited  to  by 
astronomeis  in  order,  if  possible,  'r  '<ctvMmine  th< 
distance  of  the  stars,  but  most  of  '/  rp,  are  founded 
upon  assumptions  which  have  n'.'  /;'  been  proved. 
The  celebrated  Huygens,  as  reo-  VdJ  in  his  '-Cos- 
motheoros,"  despairing  of  bs"'  /  uble  to  find  an 
annual  parallax,  resorted  to  th'i  fl'owing  method; 
— supposing  that  the  star  Siiiy/,  rne  of  the  bright- 
est fi.\ed  stars  in  the  heavei?',  '••  be  equal  in  luster 
and  magnitude  to  the  sun,  N;  endeavored  to  di- 
minish the  apparent  diani'.'.r  of  the  sun  to  the 
eye,  so  that  it  should  app  »'.'  ;  u  larger  or  brighter 
than  Sirius  appears  to  a  '^ViMou  observer.  For 
this  purpose  he  closed  c/.j  er.d  of  a  twelve  feet 
tube  with  a  very  thin  pla'/fj^ln  the  middle  of  vvliich 
he  made  so  small  a  hole  that  a  very  minute  Hass 
globule  being  put  into  it,  so  very  small  did  the 
sun  appear  to  the  eye  placed  at  the  other  end  of 
the  tube,  that  the  light  transmitted  to  the  cyo 
seemed  not  more  splendid  than  that  which  we 
behold  transmitted  from  Sirius  with  the  naked 
eye.  Having  calculated,  on  the  principles  of  op- 
tics, the  quantity  of  diminution  of  the  sun's  appar- 
ent diameter,  he  found  it  to  be  only  the  l-276{)4th 
part;  or,  the  light  and  diameter  of  the  sun  ap- 
peared 27,C()-1  times  smaller  than  what  we  daily 
see.  Hence  he  concluded  that  were  the  sun  at 
27,6G'I  times  his  present  distance  from  us,  ho 
would  appear  as  small  as  Sirius;  and  consequent- 
ly, if  Sirius  be  of  the  same  magnitude  as  the  sun, 
the  distance  of  that  star  must  be  27,G64  time.s 
greater  than  the  distance  of  the  sun  from  the 
earth,  or  2,628,080,000,000,— that  is,  two  billions, 
six  hundred  and  twenty  eight  thousand,  and  eighty 
millions  of  miles.  Tins  method  of  determining 
the  distance  of  the  stars  depends  upon  two  assump- 
tions:— 1st,  that  the  sun  and  Sirius  are  equal  in 
magnitude;  and  2d,  that  the  eye  junged  correctly 
of  the  equality  of  the  small  interce]ited  portion  of 
the  sun  to  Sirius;  both  of  which  must  be  consider- 
ed as  nncerlrdn.  But  it  corroborates  the  general 
position  of  the  very  great  distance  of  the  star.s. 

On  a  principle  somewhat  similar,  but  by  ex- 
i  periments  conducted  with  far  greater  aecurncy,  Dr 
Wollaston  eiuieavored  to  determine  the  siime 
problem  in  relation  to  the  stars.  "This  gentle- 
man," Sir  .1.  Her.schel  remarks,  "by  direct  phot- 
ometricul  experiment,  open,  as  it  would  seem,  to 
no  objections,  has  ascertained  the  light  of  Sirius, 
as  received  by  us,  to  be  to  that  of  the  sun  as  1  to 
20,000,000,000.  The  sun,  therefore,  in  ord"r  that 
it  should  appear  to  us  no  brighter  than  Sirius, 
would  require  to  be  removed  141,400  times  its  ac- 
tual distance.  We  have  seen,  hovvever,th;il  the  dis- 
tance of  Sirius  cannot  be  so  small  as  200,000 
times  that  of  the  sun.  Hence  it  follows  (hat., 
upon  the  lowest  possible  computation,  the  light 
really  throv^^n  out  by  Sirius  cannot  be  so  little  as 
double  that  emitted  by  the  sun;  or  that  Sirius 
must,  in  point  of  intrinsic  splendor,  be  equal  to 
two  suns,  nnd  is  in  all  probability,  vastly  greater-" 

The  late  Sir  William  Herschel  proposed  another 
method   of   determining   the   annual   parallax  b\ 
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means  ol  double  sfars,  which  he  supposed  would 
be  frei}  from  the  errors  of  other  inoUiods,  and  of 
Buoh  a  nature  that  the  [jarallax,  even  if  it  should 
not  exceed  the  tenth  part  of  a  second,  rnay  Htill 
become  visible.      The    following   figure  and  de- 


Bcription 
tnetixod: 


will    convey    a    general    idea  of    tiiis 


Fig.  8. 


Let  A  and  B  (fie:-  8) 
represent  the  earth  at 
two  oppojiite  j)oiul3  in 
its  orbit,  and  C  and  D 
two  stars  of  dift'crent 
magnitudes.  Then,  if 
when  the  earth  is  at  B, 
the  two  stars  appear  to 
us  near  each  other,  as 
at  C  and  E,  it  was 
thought  that  wlii'n  the 
earth  arrived  at  A  the 
two  stars  might  appear 
further  apart,  as  at  C 
and  D;  in  other  words, 
that  the  angles  at  which 
they  would  appear  to 
us  in  the  two  cases 
would  be  difFereiit,  the 
angle  D  A  C  being  larger  tlian  the  angle  D  B  C 
in  whicli  case  the  angle  of  parallax  might  be  com- 
puted. But  it  does  not  appear  that  any  difference 
in  the  angles  referred  to  has  yet  been  found,  or 
that  any  definite  conclusions  respecting  parallax 
have  hitherto  been  deduced  from  this  inethod,  ex- 
cepting the  general  position  that  the  stars  are  at 
too  great  a  distance  to  be  subjected  to  our  calcula- 
tions, or  that  our  angular  instruments  are  still  in 
too  imperfect  a  state  to  detect  so  small  an  angle  as 
tha'  of  the  annual  parallax. 

Wliile  writing  the  above  ('December,  1838),  I 
perceived  an  announcement  in  certain  literary 
journals,  that  Professor  Bfssel,  of  Konigsberg, 
had  addressed  a  letter  to  Sir  John  Herschel,  which 
was  immediately  communicated  to  the  Koyal 
Astronomical  Society,  containing  an  account  of 
the  discovery  of  the  annual  parallax  and  (he  ob- 
servations on  which  it  was  founded.  In  the  intro- 
duction to  this  communication  Professor  Bessel 
says — "After  so  many  unsuccessful  attempts  to 
determine  the  parallax  of  a  fixed  star,  I  thought 
it  worth  while  to  try  what  might  be  accomplished 
by  means  of  the  accuracy  which  my  great  Fraun- 
hofer  heliometer  gives  to  the  observations.  I 
undertook  to  make  this  investigation  upon  the 
star  61  Cygni,  which,  by  reason  of  its  great  proper 
motion,  is  perhaps  the  best  of  all,  which  affords 
the  advantage  of  being  a  double  star,  and  on  that 
account  may  be  observed  with  greater  accuracy, 
and  which  is  so  near  the  pole  that,  with  the  excep- 
tion of  a  small  part  of  the  year,  it  can  always  be 
observed  at  night  at  a  sufficient  distance  from  the 
horizon."  The  professor  began  his  observations 
ill  September,  1834,  but  various  circumstances 
prevented  them  from  being  regularly  continued 
at  that  period.  They  were  resumed  in  1837  with 
certain  hopes  of  success.  He  selecte;!  anjong  th.e 
email  stars  which  surrounded  the  double  star  61 
Cygni  two  stars  between  the  ninth  and  tenth 
magnitudes,  of  which  one  (a)  is  nearly  perpendi- 
cular to  tlie  line  of  direction  of  the  double  star, 
the  ot'  er  (b)  nearly  in  this  direction.  lie  mea- 
sured with  the  heliometer  the  dii-'laaces  of  these 
stars  from  the  point  which  bisi-cts  the  distance 
between  the  two  stars  61  Cygni,  and  generally 
repeated  the  observations  sixteen  times  every 
night,  and  when  the  atmosphere  was  unusually 
steady  he  made  more  numerous  repetitions.  The 
plates  of  both  stars,  referred  to  the  middlo  point 


of  the  double  star,  he  calculated,  for  the  beginning 
of  1838,  to  be— 


I^istance. 
a  46l".6l7 
b  706".279 


Angle  of  Position. 
2UiO  21)'  24" 
101)0  22'  10" 


In  these  observations,  he  concentrated  his 
attention  as  far  as  he  could  on  the  distance  of  tha 
small  stars  from  the  double  star,  as  being  the  most 
important  point  to  be  ascertained.  His  communi- 
cation contains  tables  of  all  his  measures  of  dis- 
tance, freed  from  the  effects  of  refraction  and 
aberration,  and  reduced  to  the  beginning  of  1838. 

It  would  be  uninteresting  to  the  general  reader 
to  enter  into  all  the  details  of  observations,  cor- 
rections, and  calculations  which  Professor  Bessel's 
communication  contains,  a»  they  can  only  be 
understood  by  practical  astronomers.  I  shall 
therefore  only  state  his  general  conclusion,  wliich 
seems  to  be  legitimately  deduced  from  his  obser- 
vations and  reasonings,  and  may  bo  considered  at 
least  as  a  very  near  approxiiBation  to  the  point, 
if  not  perfectly  correct.  The  result  then  is,  that 
the  annual  parallax  of  the  star  61  Cyyni  is  0".3136; 
that  is,  somewhat  less  than  one-tJdrd  of  a  second. 
It  follows  that  the  distance  of  tliis  star  from  tho 
sun  is  Go?, 700  tim.es  the  moan  distance  of  the 
earth  from  the  sun;  and  as  the  distance  of  the  sun 
from  tlie  earth  is  95,000,000  of  miles,  this  number 
multiplied  by  the  former  produces  62,481,500,- 
000,000,  or  sixiy-tiro  billions,  four  hundred  and 
eiijhtii-oiie  thousand  five  hundred  million's  of  miles, 
wiacli  is  the  dist:tnce  of  the  star  61  Ctjgni  from 
the  sun,  and  which  of  course  is  nearly  about  the 
same  distance  from  the  earth;  the  earth  being  in 
one  part  of  its  course  ninety-five  millions  of  miles 
nearer  the  star  than  this  distance,  and  in  the  oppo- 
site ]>art  of  it  ninety-five  millions  of  miles  beyond 
it.  This,  I  have  no  doubt,  will  be  considered  as 
one  of  the  most  interesting  and  splendid  discove- 
ries which  have  been  made  in  astronomy  for  a 
century  past.  It  lays  a  foundation  for  precise 
and  definite  conceptions  of  the  distances  of  soma 
of  the  starry  orbs,  of  the  amplitude  of  the  celes- 
tial regions,  and  of  the  magnitude  and  grandeur 
of  those  countless  orbs  which  diversify  the  spaces 
of  immensity.  It  likewise  proves  to  a  demonstra- 
tion the  annual  motion  of  the  earth  round  the 
sun,  and  all  the  principles  and  phenomena  with 
which  it  is  connected,  as  well  as  corroborates  the 
general  views  of  former  astronomers  respecting 
the  immense  distance  of  the  fixed  stars. 

Professor  Bessel  concludes  his  communiication 
in  these  words: — "As  the  annual  pro|)er  motion 
of  a.  Cygni  amounts  to  5".12J  of  a  great  circle, 
the  relative  motion  of  this  star  and  the  sun  must 
be  considerably  more  than  sixteen  semiuiameters 
of  the  earth's  orbit  [that  is,  one  thousrind,  five 
hundred  and  twenty  millions  of  miles],  and  thn 
star  must  have  a  constant  aberration  of  more  than 
52".  When  we  shall  have  succeeded  in  determin- 
ing the  elements  of  t!ie  motion  of  both  tiie  stars 
forming  the  double  star,  round  tlieir  common 
center  of  gravity,  we  shall  be  able  to  determine 
the  sum  of  tlieir  masses.  I  have  attentively  con- 
sidered tho  preceding  observations  of  their  relative 
positions,  but  I  consider  them  as  yet  very  inade- 
quate to  afford  the  elements  of  the  orbit.  I  con- 
sider them  as  suincitut  only  to  show  that  tho 
annual  angular  motion  is  soinewhore  about  two- 
thinls  of  a  degree,  and  that  the  distance  at  the 
beginning  of  this  century  had  a  miiiimuin  of 
about  15".  Wo  are  enabled  hence  to  conclutja 
that  the  time  of  a  revolution  is  more  than  540 
years,  and  that  the  semi-major  axis  of  the  orbit  in 
seen  under  an  unglo  of  more  than  15".     If,  how- 
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evor,  we  proceed  from  these  numbers,  which  are 
merely  liiiiUs,  we  find  tlie  sum  of  the  musses 
of  both  stars  less  than  half  the  sun's  mass.  But 
this  point,  which  is  deserving  of  attention,  cannot 
be  estabiislied  until  the  observations  shall  be  suf- 
ficient to  determine  the  elements  accurately. 
When  long-continued  observation  of  the  places 
which  the  double  star  occupies  among  the  small 
eturs  which  surround  it  shall  have  led  to  the 
knowledge  of  its  center  of  gravity,  we  shall  be 
enabled  to  determine  the  two  masses  separately; 
but  we  cannot  anticipate  the  time  of  these  further 
researches.  I  have  here  troubled  you  with  many 
particulars;  but  I  trust  it  is  not  necessary  to  offer 
any  excuse  for  this,  since  a  correct  opinion  as  to 
whether  the  investigation  of  the  parallax  of  61 
Cygnl  has  already  led  to  an  appro.vimate  result,  or 
must  still  be  carried  further  before  this  can  be 
affu'med  of  them,  can  only  be  formed  from  a 
knowledge  of  these  particulars.  Had  I  merely 
communicated  to  you  the  result,  I  could  not 
have  expected  that  you  would  attribute  toil  that 
certuintij  which,  according  to  my  own  judgment, 
it  possessed." 

The  distance  inferred  from  the  parallax  ascer- 
tained by  Bessel  is  more  than  three  times  greater 
than  what  was  formerly  considered  the  least  dis- 
tance of  any  of  the  fixed  stars.  In  order  to 
acquire  some  rude  conceptions  of  this  distance,  it 
may  not  be  inexpedient  to  illustrate  it  by  the  times 
which  certain  moving  bodieswould  require  to  move 
along  such  a  spuce.  Liyht  is  the  swiftest  moving 
body  with  which  we  are  acquainted;  it  flies  from 
the  sun  to  the  earth,  a  distance  of  ninety-five 
millions  of  miles,  in  about  eight  minutes,  or  at 
the  rate  of  192,000  miles  every  moment  of  time; 
yet  light,  incomprehensively  swift  as  its  motion 
is,  would  require  ten  years  and  114  days  to  fly 
across  this  mighty  interval;  so  that  if  tlie  star  61 
Cyqni  were  supposed  to  be  only  just  now  launch- 
ed into  existence,  it  would  be  more  than  ten  years 
before  its  light  could  reach  the  distant  globe  on 
which  we  dwell,  so  as  to  appear  like  a  small  star 
twinkling  in  our  sky.  Suppose  a  cannon  ball  to 
move  500  miles  every  hour  without  intermission, 
it  would  require  fourteen  millions,  two  hundred 
and  fifty-five  thousand,  four  hundred  and  eighteen 
years  before  it  could  move  across  the  same  inter- 
val. But  to  come  to  motions  with  which  we  are 
more  familiar:  suppose  a  steam-carriage  to  set 
out  from  the  earth  with  a  velocity  of  twenty  miles 
an  hour,  or  480  miles  a  day;  at  tliis  rate  of  mo- 
tion, continued  without  intermission,  it  would 
require  ."jSG, 385,466,  or  three  hundred  and  fifty- 
nix  millions,  three  hundred  and  eighty-five  thou- 
sand, four  hundred  and  sixty-six  years  before  it 
could  j)ass  from  our  globe  to  the  star  alluded  to 
above  —  a  number  of  years  sixty-one  thousand 
times  greater  than  the  whole  period  which  has 
elapsed  since  the  Mosaic  creation. 

Such  distances  are  amazing,  and  almost  terri- 
fying to  the  human  imagination.  The  mind  is 
bewildered,  confounded,  and  almost  overwhelmed, 
when  attempting  to  form  a  conception  of  such 
portions  of  immensity,  and  feels  its  own  littleness, 
the  limited  nature  of  its  powers,  and  its  utter 
incapacity  for  grasping  the  amiditudes  of  creation; 
but  although  it  were  possible  for  us  to  wing  our 
flight  to  such  a  distant  orb  as  that  to  wliicli  we 
liave  referred,  we  should  still  find  ourselves  stand- 
ing only  on  the  extreme  verge  of  the  starry  firma- 
ment, where  ten  thousands  of  other  orbs,  a  thou- 
sand times  more  distant,  would  meet  our  view. 
We  have  reason  to  believe  that  a  space  nearly 
equal  to  that  which  we  are  now  considering  ii  ter- 
vouos  between  most  of  the  stars  which  diversify 


our  nocturnal  sky.  The  stars  appear  of  difFeront 
magnitudes;  but  we  have  the  strongest  reason  to 
conclude  that  in  the  majority  of  instances  this  is 
owing,  not  to  the  ditl'Tence  of  their  real  magni- 
tudes, but  to  the  ditlerent  distances  at  wliich  they 
are  placed  from  our  globe.  If,  then,  the  distance 
of  a  star  of  the  first  or  second  magnitude,  or  those 
which  are  nearest  us,  be  so  immensely  great, 
whul  must  be  the  distance  of  stars  of  the  sixteenth 
or  twentii'th  magnitudes,  which  can  be  distin^ 
guishcd  only  by  the  most  powerful  telescopes? 
Some  of  these  must  be  several  thousands  of  times 
more  distant  than  the  star  61  Cygui,  whose  dis- 
tance now  appears  to  be  determined.  And  what 
shall  we  think  of  the  distance  of  those  which  lie 
beyond  the  reach  of  the  most  powerful  telescopes 
that  have  yet  been  constructed,  stretching  beyond 
the  utmost  limits  of  mortal  vision,  within  the 
unexplored  regions  of  immensiiy?  Here  even 
the  most  vigorous  imagination  drops  its  wing,  and 
feels  itself  utterly  unable  to  penetrate  this  myste- 
rious and  boundless  unknown. 

The  vastness  of  the  spaces  and  greatness  of  the 
distances  to  which  we  have  adverted  ought  not, 
however,  to  prevent  any  one  from  acquiescing  in 
the  statements  we  have  now  made;  for  space  is 
boundless, — absolutely  infinite.  A  seraph  might 
wing  its  flight  with  the  swiftness  of  light  for  mil- 
lions of  years  through  the  regions  of  immensity, 
and  never  arrive  at  a  boundary  where  it  might  bo 
said,  '■  Hitherto  mayest  thou  approach,  but  no 
farther;"  and  w«i  liave  reason  to  believe,  from 
what  we  already  know  of  the  Creator  and  his 
works,  that  during  the  whole  course  of  such  un 
excursion,  new  objects  and  new  scenes  of  glory 
and  magnificence  would  be  continually  rising 
to  his  view.  To  suppose  otherwise  would  be 
to  set  boundaries  to  space,  and  to  prescribe 
limits  to  the  infinite  perfections  of  the  Divinity. 
That  incomprehensible  Being  who  formed  the 
universe  fills  immensity  with  his  presence;  his 
power  and  wisdom,  and  al!  his  other  perfections, 
are  infinite;  and  therefore  we  should  expect  that 
the  plans  on  which  he  has  constructed  the  systems 
of  the  universe  should  be  like  himself,  vast,  bound- 
less, and  inconceivable  by  mortals.  Were  we  to 
find  the  plans  of  the  universe  circumscribed  like 
those  which  were  represented  by  the  ancient 
astronomers,  —  who  imagined  the  firmament  a 
solid  sphere  with  a  number  of  tapers  whirled 
round  the  earth, — we  should  be  apt  to  think  that 
the  Creator  of  the  world  was  a  limited  being;  but 
when  we  contemplate  the  vast  amplitude  of  pla- 
netary systems,  and  the  immense  spaces  by  which 
they  are  separated  from  each,  other,  we  behold 
plans  and  operations  which  are  in  perfect  unison 
with  the  immensity  of  his  nature,  with  his  bound- 
less power,  his  uncontrollable  agi-ney,  and  his 
universal  presence.  Wherever  we  turn  our  eyes 
throujTlioul  the  scene  of  nature,  and  fix  our  atten- 
tion on  its  plans  and  movements,  we  uniformly 
find  the  Creator  acting  like  Himself;  and  in  no 
case  is  this  more  strikingly  displayed  than  in  the 
granileur  and  magnificence  of  the  orbs  of  heaven, 
and  tlie  immense  spaces  with  which  they  are  sur- 
rounded. 

This  is  likewise  the  representation  which  the 
Scriptures  give  us  of  the  immensity  and  incom- 
prehensible nature  of  the  Deity.  "Great  is 
Jehovali  and  of  great  power;  his  understanding 
is  infinite;  his  greatness  is  unsearchable."  He 
is  not  only  "high  above  all  nations,"  but  "his 
glory  is  above  the  hcaoens.^^  "He  dwelleth 
on  high,  and  humbleth  himself  to  behold  the 
things"  not  only  that  are  "on  the  earth,"  but 
even  "  the  things  that  are  in  the  lieavcns."    Vast 
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fts  the  p.elestial  spaces  are,  "he  meted  out  heaven 
with  the  sjjau,"  and  "stretched  forth  the  heavens 
alone."  "Airioug  the  gods  there  is  none  like 
unto  thee,  neither  are  there  any  works  like  unto 
tliy  woik^."  "  Ciinst  thou  by  searching  find  out 
God  ?  Canst  thou  find  out  tlie  Aimigl)ty  to  per- 
fccliou  ?  Wiio  can  utter  tiie  migiity  o|)erations 
of  Jehovali  ?  Who  can  show  fortli  all  his  praise  ? 
Lo,  these  are  but  parts  of  his  ways,  but  tlie 
thunder  of  liis  power,  or  the  ftill  extent  of  his 
onmipoti-ncd,  who  can  coniprelienu?"  In  rt^lation 
to  a  Being  wiio  is  thus  <lescribed,  we  can  expect 
nothinir  bat  what  is  wonderful  and  incomprehen- 
sible by  finite  minds.  Tlie  declarations  of  inspired 
men  b--ar  testlaiony  to  the  discoveries  of  astronomy 
as  in  perfect  unison  with  the  attributes  of  the 
Divinity,  so  that  science  and  revelation  completely 
harmonize  [a  the  views  they  unfold  of  the  plans 
auil  arrangements  of  the  Deity,  and  of  the  im- 
mense sp.tceswhich  intervene  among  tiie  systems 
of  tlie  universe. 

Wheliier  man  will  ever  bo  permitted  to  traverse 
any  of  the  vast  spaces  of  the  universe,  to  which 
we  have  now  adverted,  is  a  question  which  is  at 
present  boyoud  our  province  to  resolve.  In  our 
present  state  of  corporeal  organization  it  is  impos- 
sible to  wing  our  flight  even  to  the  nearest  celestial 
orb  in  that  system  of  which  we  form  a  part,  much 
less  to  the  distant  starry  regions.  How  pure 
spirits,  disconnected  with  material  vehicles,  may 
transport  themselves  from  one  region  of  creation 
to  another,  it  is  impossible  for  us,  in  the  present 
state,  to  form  a  conception.  But  it  is  possible  to 
conceiva  of  a  system  of  organization  far  more 
refined  than  the  present,  and  susceptible  of  a 
power  of  motion  far  surpassing  what  we  have  an 


opportunity  of  witnessing  In  this  terrestrial  sphere 
— a  locomotive  power  which  might  enable  an  in- 
telligent agent  lo  keep  pace  with  ihe  rapid  motions 
of  the  celestial  orbs.  We  have  only  to  su))poso 
organicul  vehicles  constructed  with  matter  far 
more  subtile  and  refined  than  hydrogen  gas,  or 
the  ethereal  flui;!,  and  approximaiing  to  the  tena- 
city of  light  itself.  As  we  find  animalculiE  many 
thousands  of  times  less  than  the  least  \i.sibie  point, 
their  bodies  must  be  constructed  of  malerials  e.x- 
tremely  subtile  and  refined;  and  hence  we  may 
infer  that  the  same  All  wise  ln!el!igt;nce  who 
formed  such  miiinte  and  refined  slrncliires,  can 
with  equal  ease  construct  a  material  organization 
lor  the  residence  of  a  rational  soul  out  of  the 
finest  materials  wliich  creation  can  supply,  and 
endow  it  with  a  capacity  of  rapid  motion  superior 
lo  that  of  some  of  the  celestial  globes  which  roll 
aronnd  us.  It  is  not  improbable  that  angelic 
beings  are  connected  with  such  a  sysliMii  of  ma- 
terial organization,  which  enables  tliem  to  move 
with  rapiuity  from  one  part  of  creation  to  another; 
and  it  is  possible  that  man,  in  a  future  world,  may 
be  invested  with  such  vehicles  and  such  powers 
of  rapid  motion.  At  the  same  time,  even  with 
such  locomotive  powers,  only  .1  small  portion  of 
the  universe  could  be  supposed  to  be  visited  or 
explored,  even  after  a  lapse  of  ages.  It  is  highly 
probable  that,  at  this  moment,  there  is  not  a  single 
subordinate  intelligence,  even  of  the  highest  order 
of  created  beings,  who  is  acquainted  with  every 
region  of  universal  nature  and  the  objects  it  con- 
tains, and  that  the  greater  part  of  the  vast  uni- 
verse, with  its  scenery,  movements,  and  inhabi- 
tants, is  known  only  by  Him  who  formed  it  by 
his  power  and  fills  it  with  his  presence. 


CHAPTER    V. 

ON  THE  MAGNITUDE  OF  THE  STARS. 


In  our  attempts  to  ascertain  the  magnitudes  of 
any  of  the  heavenly  bodies,  we  must  first  endea- 
vor to  determine  the  distances  at  which  they  are 
placed  from  our  abode;  and  in  the  next  place  we 
must  measure,  as  accurately  as  possible,  the  ap- 
parent diameters  of  the  bodies  whose  magnitudes 
we  wish  to  determine.  Tlie  extreme  difficulty 
of  determining  these  two  points,  in  certain  in- 
Btancts,  on  account  of  the  small ness  of  the  angles 
which  require  to  be  measured,  has  hitherto  pre- 
vented us  from  ascertaining  with  precision  the 
real  magnitudes  of  the  bodies  connected  with  the 
sidereal  heavens.  We  formerly  were  led  to  con- 
clude on  good  grounds,  that  their  distances  were 
almost  immeasurably  great,  and  consequently 
that,  as  tiiey  emit  a  certain  degree  of  splendor  to 
our  eye,  even  from  such  remote  distances,  tlieir 
bulk  must  be  immensely  great.  But  no  precise 
conceptions  could  be  formed  as  to  this  point  so 
long  as  the  annual  parallax  of  some  of  the  stars 
remained  undetermined. 

The  annual  parallax  of  the  star  61  Cygni  being 
now  in  all  probability  ascertained  (as  stated  in 
the  preceding  chapter),  we  are  in  possession  of 
certain  data  which  may  lead  to  the  determination 
of  tlie  real  magnitude  of  that  body.  But  a  diffi- 
culty still  remains.  The  stars  are  found  to  have 
iio  sensible  diameters.     When  viewed  through 


telescopes  of  the  greatest  power,  they  present  no 
visible  discs,  or  well-defined  surfaces  to  the  eye, 
as  the  planets  do,  when  viewed  through  such 
instruments,  but  appear  only  as  so  many  shining 
and  undefined  points.  When  they  are  viewed 
through  a  telesco|)e  of  moderate  size,  their  diame- 
ter appears  less  than  when  examined  by  the  naked 
eye,  but  considerably  more  brilliant.  When  we 
view  them  with  a  telescope  of  grwiter  power,  the 
apparent  diameters  will  be  somewhat  increased, 
but  not  according  to  any  regular  ])roportion,  r.s 
happens  in  the  case  of  the  planets;  and  even 
when  seen  with  the  same  power,  through  different 
telescopes,  their  apparent  magnitudes  are  not 
precisely  the  same.  Sir  William  Herschel,  who 
viewed  these  bodies  under  almost  every  aspect, 
uniformly  found  that  their  diameter  was  less  in 
I  proportion  as  the  higher  powers  were  applied; 
and  the  smallest  proportional  diameter  he  ever 
obtained  was  when  he  employed  the  extraordi- 
nary power  of  tJ450  times.  From  such  observa- 
tions it  appears  that  the  apparent  diameters  of  the 
fixed  stars  do  not  arise  from  any  sensible  disc,  but 
from  other  causes  with  which  we  are  not  ac- 
quainted. Dr.  Halley  remarks  that  "  the  diame- 
ters of  Spica  Virginis  and  Aldebaran  (two  stars 
of  the  first  magnitude)  are  so  small,  that  when 
they  happen  to  iinmerge  behind  the  dark  edge  o 
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the  moon,  tliey  are  so  fur  from  losiufj  their  light 
gradually,  ;i.s  they  must  do  if  they  were  of  uiiy 
seiisihie  niagiiituae,  tliat  they  vauisli  at  once  witii 
all  (iieir  liisUT.  and  enierjre  likewise  in  a  moment, 
not  sniidl  at  first,  l)iit  at  onee  apijour  with  their 
full  light,  even  aliliongh  the  emersion  hapiJcn 
wlien  very  near  the  cusp,  wliere,  if  tliey  were 
four  sccouJs  in  diameter,  they  would  be  many 
secolids  of  time  in  geUiug  entirely  separated  from 
the  limb.  Dut  tlie  coutraiv  appears  to  all  those 
who  have  ohserved  the  occullations  of  those 
bright  stars."  Every  one  who  has  been  in  the 
habit  of  viewing  tlie  starry  firmament  with  good 
telescopes  will  at  once  admit  that,  aUiiough  that 
instrument  brings  to  view  numerous  stars  which 
the  unassisted  sight  cannot  perceiv'>,  yet  they 
appear  'only  as  luminous  points  wi'.h  no  vvell- 
deliiied  sensible  diam-ters,  altliougli  their  light  is 
much  more  brilliant  than  to  tlie  naked  eye. 

Hence  the  difficulty  of  determining,  with  pre- 
cision, the  real  magnitudes  of  any  of  the  fixed 
stars.  From  their  immense  distance  we  are  per- 
fectly certain  that  they  are  bodies  of  immense 
size,  otherwise  they  would  he  altog -tlier  invisible 
from  our  terrestrial  sphere,  or  (roin  any  part  of 
the  solar  system.  But  we  have  liilhsrto  obtained 
no  sufficient  data  for  estimating  their  exact  size, 
as  we  have  done  in  relation  to  the  globes  which 
compose  the  planetary  system.  Since,  then,  the 
apparent  diamL'ters  of  the  stars,  even  those  of  the 
first  magnitude,  are  so  small  as  not  to  amount  to 
a  single  second,  we  cannot  hope,  in  the  meantime, 
to  determine  their  measure  with  any  degree  of 
certainty.  We  may  assign  them  a  measure  which 
we  certainly  know  they  do  not  exceed,  but  we 
cannot  be  sure  that  that  mrMsure  is  not  too  great. 
All  luminous  objects  appear  larger  than  those  of 
the  same  dimensions  wliich  are  opaque.  The 
planet  Mercury,  wlien  in  its  greatest  brightness, 
appears  larger  than  when  it  is  seen  to  pass,  like  a 
dark  spot,  across  the  disc  of  the  sun,  although  it 
is  nearest  the  earth  in  tliis  last  position.  The 
apparent  diameters  of  the  fixed  stars  are  much 
Bmaller  than  they  have  generally  been  supposed 
by  those  who  liave  attempted  to  measure  them. 
Yet  small  as  they  are,  their  real  magnitude  nmst 
be  very  great,  since  they  are  visible  to  our  sight  at 
the  immense  distance  at  wiiich  thej-  arc  placed. 
In  proportion  to  the  greatness  of  their  distance, 
and  the  smallness  of  their  apparent  diameters,  will 
be  their  real  m;ignitades.  If  we  suppose  the 
apjiarent  diameters  of  any  of  the  stars  observed 
by  Dr.  Bradley  to  be  equal  to  the  4'JJ,000th  part 
of  the  sun's  apparent  diameter  or  -TfTrth  of  a 
Becond — which  is  a  probabb^  supposition  for  a  star 
of  the  second  magnitudr, — it  will  follow  that  such 
a  star  is  equal  to  the  sun  in  magnitude.  For,  if 
the  sun  were  removed  to  the  distance  at  which 
Buch  a  star  is  situated,  he  would  appear  no  larger 
than  those  twinkling  ])oints,  nay,  would  perliaps 
disappear  altogether  from  our  view.  From  all  the 
obs^u'vations  and  reasonings  that  have  been  enter- 
ed into  on  this  subject,  we  have  no  proofs  that 
any  of  the  stars  are  less  than  the  sun,  but  it  is 
more  probable  th:it  many  of  them  equal  and  even 
far  suri)ass  that  luminary  in  their  real  dimensions 
and  splendor.  Having  obtained  tlie  parallax  of  fil 
Cyjni*  if  we  could  find  the  exact  apparent  dia- 
meter of  that  star,  its  real  bulk  could  be  caU-u- 
lateJ  with  as  much  ease  and  certainty  as  the  bulk 
of  the  sun,  or  moon,  or  any  of  the  planets.     But 


•  This  tt.ir  belongs  to  the  constellation  C'l/gmi.i,  or  the 
Swan.  Its  ri^hl  ascension  lor  Jannacy  1,  18?.9,  was  20h.  ;)!)' 
41",  and  its  df  clination  37-*  .'>''  A^"  north.  In  places  of  52"* 
•f  N.  latitude,  this  star  passes  the  rnsridiaa  within  two  or 


as  this  important  element  in  the  calculation  is  still 
a  (lesideralum,  wo  must  resort  to  other  liiethod* 
by  which  we.  may  arrive  at  the  nearest  approxi- 
mation to  the  truth. 

I  have  already  alluded  to  the  photometrioal 
I  experiments  of  Dr.  WoUaston,  in  relation  to  tiio 
comparative  quantity  of  light  emitted  to  our  eye 
from  the  star  Sirius  and  from  the  sun.  In  relerr 
ence  lo  these  experiments,  h"ir  John  Herschel,  in 
a  marginal  noie,  remarks: — "  Dr.  Wollastou  as- 
suming, as  we  ll;iiik  ho  is  ])erfectly  justified  in 
doing,  a  much  lower  limit  of  possible  parallax  in 
Sirius  than  we  havi'^  adopted  in  the  text,  has  con- 
cluded Ihe.  intrinsic  ii/ltt  of  Sirius  to  he  nearly  that 
o/ FOURTEEN  SL'.vs."  Sir  William  Herschel  iniorma 
us  that,  wilh  a  magnil'ying  power  of  0450,  and  by 
means  of  bis  new  micrometer,  he  found  the  ap- 
parent diimL-ter  of  Veya  or  4  Lyitc  lo  be  0' .  .S55: 
tills  will  give  the  real  diameter  of  Ihe  star  about 
ihirty-eighi  tiin^'s  that  of  the  sun,  or  liJ,44J,000 
miles,  supposing  its  parallax  to  be  one  second. 
Were  tills  its  true  estimate  its  soli  i  contents  would 
be  lD,57<J,:J57,b57,;it;2,4ao,000,000,  *  or,  above 
nineteen  thousand  five  hundred  and  sevi.'iity-nine 
trillions  of  miles;  which  is,  ji fly-four  iliuusand 
eiyht  tiundred  and  sevenly-tmo  times  larger  thau 
the  solid  contents  of  the  sun.  The  magnitude 
of  such  a  globe  is  altogether  overjiowering  to  tho 
human  imagination,  and  completely  baflles  every 
cfi'ort  to  approximate  to  a  distinct  conception  of 
ail  object  of  such  amazing  amplitude  and  splen- 
dor. We  have  formerly  showiif  tiiat  the  sun  is  a 
body  of  so  vast  dimensions  that  tlie  human  mind, 
in  its  present  state,  can  form  no  adequate  concep- 
tions of  it;lhat  it  is  more  than  500  tin;es  greater  thau 
all  the  pluui'ts,  satellites,  and  comets  of  our  sys- 
tem; that  it  is  equal  to  thirteen  hundred  thousand 
globes  as  large  as  the  earth;  that  its  surface  con- 
tains an  amplitude  fifty-three  millions  seven  hun- 
dred and  seventy-thousand  times  larger  than  the 
view  from  Mount  Etna,  which  comprises  an  extent 
of  45,000  miles;  and  that,  were  a  landscape  oil 
the  sun  of  this  extent  to  be  contemplated  every 
two  hours,  it  would  require  twenly-four  thousand 
five  hundred  years  before  the  whole  surface  of 
this  luminary  could -be  in  this  manner  surveyed- 
What,  then,  shall  we  think  of  the  probable  exist- 
ence of  a  luminous  globe  fifty-four  thousand 
times  greater  than  tho  expansive  globe  of  tho 
sun! 

However  amazing  the  magnitude  of  such  a 
body  may  appear,  we  ought  not  on  this  account 
to  consider  the  existence  of  such  an  orb  as  either 
improbable  or  incredible.  Prior  to  the  first  dis- 
coveries of  modern  astronomy  two  or  three  con- 
tunes  ago,  no  one  could  have  believe.l  that  tho 
sun  is  a  body  of  such  an  imrnense  size  as  ho  is 
now  found  to  be,  or  that  the  planetary  system 
occupies  so  extensive  a  range  as  astronomers 
have  now  determi)ied  it.  And  we  are  not  to 
conceive  that  even  the  immense  amplitude  of  tho 
sun  is  the  highest  scale  of  magiiitud»  which  the 
Creator  has  prescribed  to  himself  in  his  arrange- 
ments of  the  universe.  From  the  knowledge  we 
have  already  acquired  of  the  vastness  of  the  scale 
on  which  clvatiou  is  constructed,  we  have  reason 


three  minutes  of  the  zenith.  It  is  a  star  of  abont  the  fifth 
m;ignitnile.  It  is  '■28  degrees  nearly  due  east  from  the  bright 
st:ir  l-'i'ga  or  a  Lyric,  in  Ihe  conslelliliori  of  the  Har[,,  and 
nearly  nine  degrees  south  by  east  of  Dencb,  or  a  C'.i/sni,  the 
principal  star  in  the  .--«an. 

*  In  some  editions  of  the  "Improvements  of  Society," 
tliis  number  is  ina.-curatcly  stated,  the  cube  of  the  diametat 
liavin"  been  by  mistal<e  snbstiluted  for  the  soli.l  contenti 
of  the  body,  but  the  genera!  result  of  the  comparative  niajf 
nitudes  of  the  two  bodi^'.-.  is  t'ne  same. 

t  "Celestial  Eiueaery,"  ubap.  iii,  sect.  10 
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to  beSleve  that  bodies  exist  in  it  far  surpassing,  in 
magnitude  and  grandeur,  any  of  tlie  globes  to 
which  we  liave  alhided.  Tliere  are  certain  Incid 
specks  in  the  heavens  which  can  only  be  per- 
ceived by  the  most  powerful  telescopes,  which  we 
are  quite  certain,  from  their  imn\ense  distance, 
must  comprise  a  mass  of  matter  thousands  of 
times  larger  than  our  sun, — either  a  distinct  mass 
of  materials  or  a  congeries  of  shining  globes  so 
near  each  other  that  the  separate  bodies  cannot  be 
distinguished.  As  the  distance  between  the  great 
globes  of  the  universe  is  incomprehensible  by 
limited  intellects,  so  the  magnitude  of  some  of 
these  bodies  may  be  so  great  as  to  surpass  every  es- 
timate and  every  conception  we  may  luive  hitherto 
formed  on  this  subject.  Such  views  of  the  magni- 
tudes of  creation  are  quite  in  accordance  with  the 
ideas  we  ought  to  entertain  of  a  Being  who  is  eternal , 
vmnipresent,  omnipotent,  and  incomprehensible. 

But,  without  going  beyond  the  strict  deductions 
of  science,  we  may  fairly  conclude  that  there  are 
few  stars  in  the  concave  of  our  sky  that  do  not 
equal,  and  even  surpass,  our  sun  in  size  and  in 
Bplendor;  and  if  so,  what  a  glorious  and  over- 
whelming scene  does  creation  present  to  an  intel- 
ligent and  contemplative  mind!  Here  we  are 
presented  with  a  scene  on  which  the  highest  order 
of  created  beings  may  expatiate  for  myriads  of 
ages,  and  objects,  ever  wonderful  and  ever  new, 
may  still  present  themselves  to  the  astonished 
mind  throughout  the  whole  length  of  its  immor- 
tality ;  so  that  the  most  expansive  intellects  shall 
never  want  subjects  of  sublime  investigation  during 
all  the  revolutions  of  an  interminable  existence. 

We  are  not  to  imagine  that  all  the  stars,  even 
those  v/hich  appear  with  the  same  brilliancy,  are 
of  the  same  size.  We  have  reason  to  believe  that 
a  variety,  in  this  respect,  exists  among  those  dis- 
tant orbs,  as  well  as  among  the  bodies  which 
compose  the  planetary  system,  and  in  other  de- 
partments of  nature.  Various  considerations 
tend  to  show  that  "  one  star  differeth  from  an- 
other star  in  glory,"  not  only  as  they  appear  to 
the  naked  eye,  but  in  reality,  as  to  their  intrinsic 
magnitude  and  splendor.  Some  of  the  telescopic 
stars  appear  of  very  different  colors,  one  exhibit- 
ing rays  of  an  orange  or  ruddy  hue,  another  blue, 
another  yellow,  and  another  green,  indicating  a 
diSerenc"  in  their  constitution  and  in  the  nature 
of  the  liolit  they  emit.  Among  the  dosble  stars, 
the  one  which  is  found  revolving  round  the  other 
is  evidently  the  smaller  body,  as  its  light  is  not 
distinguishable  without  a  high  magnifying  power, 
and  yet  its  distance  -from  the  earth  must  be 
nearly  the  same  as  that  of  the  larger  star  around 
which  it  revolves.  Recent  observations  tend  to 
prove  that  some  of  the  smaller  stars  have  not  only 
a  greater  annual  parallax  than  those  which  are 
most  brilliant,  but  an  absolute  motion  in  space 
much  greater  than  those  of  the  brightest  class, 
which  indicates  that  there  is  a  difference  in  the 
real  size  of  those  bodies,  and  that  some  of  the 
stars  which  appear  smallest  to  our  eye  may  be 
the  largest  in  real  dimensions;  but  the  smallest 
of  them  are,  undoubtedly,  bodies  of  such  magni- 
tudes as  surpass  our  distinct  comprehension. 

Some  readers,  from  their  ignorance  of  the 
mathematical  principles  of  astronomy,  and  from 
being  incapable  of  appreciating  the  observations 
to  which  we  have  referred,  are  apt  to  view  with  a 
certain  degree  of  skepticism  the  conclusions 
which  astronomers  have  deduced  respecting  the 
distances  and  magnitudes  of  the  stars.  Perhaps 
the  following  consideration,  level  to  the  capacity 
of  every  man  of  common  sense,  may  have  a 
tendency  to  convince  even  the  most  skeptical  that 
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the  stars  are  situated  at  an  almost  incalcuabia 
distance  from  the  earth. 

Suppose  a  telescope  to  magnify  400  times,  that 
is,  makes  a  distinct  object  appear  four  hundred 
times  nearer,  and  four  hundred  times  larger  in 
diameter,  than  to  the  naked  eye  With  an  in- 
strument of  this  description  I  have  been  enabled 
to  read  a  person's  name,  the  letters  of  which  were 
not  above  half  an  inch  in  length  or  breadth,  at 
the  distance  of  more  than  two  miles.  When  this 
telescope  is  directed  to  the  moon,  it  enables  us  to 
perceive  the  shadows  of  its  mountains,  and  other 
minute  portions  of  its  scenery,  and  even  to  dis- 
tinguish rocks  and  cavities  less  than  a  mile  in 
diameter.  When  directed  to  the  planet  Venus,  it 
exhibits  it  as  a  large  splendid  body,  with  either  a 
gibbous,  a  half  moon,  or  a  crescent  phase.  When 
directed  to  Jupiter  and  Saturn,  it  makes  these 
orbs  appear  several  times  larger  than  the  moon 
does  to  the  naked  eye,  and  enables  us  to  perceive 
the  dark  belts  which  run  across  the  one,  and  the 
rings  which  surround  the  other.  Now,  if  this 
same  instrument  be  directed  to  the  fixed  stars,  it 
shows  them  only  as  so  may  luminous  points, 
without  any  well-defined  diam-eters.  It  brings  to 
view  hundreds  and  thousands  of  stars  which  the 
naked  eye  cannot  discern;  but  although  they  ap- 
pear somewhat  more  brilliant,  they  appear,  on 
the  whole,  no  larger  in  diameter  than  the  stars  in 
general  do  to  the  unassisted  sight.  This  circum- 
stance I  consider  as  a  palpable  and  sensible  evidence 
of  the  immense  distance  of  the  fixed  stars;  for 
bodies  at  the  distance  of  nine  hundred,  and  oven 
of  eighteen  hundred  millions  of  miles,  appear 
magnUied  in  proportion  to  the  power  of  the  in- 
strument; and  wh)'  should  not  the  fixed  stars  ap- 
pear magnified  in  the  same  proportion,  and  pre- 
sent to  the  eye  large  discs  like  the  planets,  were 
it  not  on  account  of  their  incalculable  distance? 
Were  they  only  at  a  moderate  distance  from  the 
planetary  system — suppose  ten  times  the  distance 
of  Saturn,  or  nine  thousand  millions  of  miles, — 
this  would  undoubtedly  be  the  case;  but  observa- 
tion proves  the  contrary.  When  we  view  a  planet 
— for  example  Saturn,  which  is  distant  nine  hun- 
dred millions  of  miles — through  a  telescope  mag- 
nifying 400  times,  we  contemplate  it  as  if  we 
had  been  carried  to  a  point  only  the  four-hundreth 
part  of  its  distance;  that  is,  we  view  it  as  if  we 
were  brought  v/itliin  little  more  than  two  millions 
of  miles  of  its  surface.  In  other  words,  we  see 
it  of  the  same  magnitude,  and  nearly  with  the 
same  distinctness,  as  if  he  had  surmounted  the  law 
of  gravitation,  and  been  transported  more  than  897 
millions  of  miles  from  our  present  abode  in  the 
direction  of  that  orb. 

When  such  an  instrument  is  directed  to  the 
fixed  stars,  it  does  not  lose  its  power  as  a  telescope; 
this  is  proved  by  its  presenting  the  nebulce,  which 
are  invisible  to  the  naked  eye,  as  large,  well-defin- 
ed spaces  in  the  firmament.  It  carries  us  within 
the  four-hundreth  part  of  their  actual  distance, 
and  enables  us  to  contemplate  them  just  as  we 
would  do  if  we  were  400  times  nearer  them  than  we 
are.  Let  us  suppose,  as  formerly,  the  distance  of  the 
nearest  stars  to  be  20,000,000,000,000,  or  twenty 
billions  of  miles,  we  contemplate  such  stars  by 
this  instrument,  as  if  we  were  carried  to  a  station 
nineteen  billions  nine  hundred  and  fifty  millions 
of  miles  from  the  place  we  now  occupy,  where  we 
should  still  be  fifty  thousand  millions  of  miles' 


'  The  following  is  the  calculation  expreised  in  fignrei; 
400)  20,000,000,000,000,  dist.  ol"  the  star. 

50,000,000,000,  dist.  as  viewed  by  the  telescope. 
19,930,000,000,000,'  dist.  f-om  the  eerth  at  which  w* 
Tiew  it 
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distant  from  these  bodies.  Supposing  the  sun 
were  removed  to  a  point  fifty  thousand  millions 
of  miles  from  the  place  he  now  occupies — which 
is  526  times  his  present  distance,  —  he  would 
appear  526  times  less  in  diameter  than  at 
present,  or  under  an  angle  of  little  more  than 
S^o  seconds,  which  is  less  than  the  apparent 
diameter  of  Uranus,  a  body  which  is  generally  in- 
visible to  the  naked  eye;  so  that  if  a  stai-  be 
distant  twenty  billions  of  miles,  and  equal  to 
the  sun  in  magnitude,  it  should  appear  no  more 
than  a  point  when  viewed  with  a  telescope  magni- 
fying 400  times.  Supposing,  then,  that  we  were 
transported  through  the  immense  space  of  19,950,- 


000,000,000  miles,  we  behooved  to  be  earrfod  for- 
ward several  thousand  millions  of  miles  farther 
before  those  distant  orbs  would  appear  to  expand 
into  large  discs  like  the  moon,  or  like  Jupiter  and 
Saturn,  when  viewed  through  telescopes. 

The  above  considerations  prove  to  a  demonstra- 
tion that  the  nearest  stars  are  removed  from  us  at 
immense  and  inconceivable  distances;  and  if  theil 
distance  be  so  great,  their  maynitudes  must  like- 
wise be  astonishing,  otherwise  they  would  be  al-- 
together  invisible  either  to  the  naked  eye  or  by 
the  telescope;  for  a  distant  visible  object  must  al- 
ways be  considered  as  having  a  magnitude  pro* 
portional  to  its  distance  and  its  apparent  diamete» 


CHAPTER    VI. 


ON  NEW  STARS. 


To  almost  every  eye  but  that  of  the  astrono- 
mer, the  starry  firmament  presents  the  same  gen- 
eral aspect.  To  a  common  observer,  the  noctur- 
nal heavens  exhibit  the  appearance  of  avast  con- 
cave bespangled  with  countless  numbers  of  shining 
points,  of  various  degrees  of  brilliancy,  and  dis- 
tributed over  the  sky  apparently  without  any  or- 
der or  arrangement. — Whether  the  clusters  of 
Btars  which  are  seen  in  summer  and  in  winter 
are  the  same, — whether  the  stars  which  are  seen 
in  one  region  of  the  heavens  at  six  o'clock  in  the 
evening  are  identically  the  same  which  are  seen 
in  the  same  quarter  at  midnight,  or  at  three  in  the 
morning, — whether  there  be  any  stars  which  were 
seen  by  our  forefathers  which  are  no  longer  visi- 
ble,— whether  any  stars  unknown  to  former  gene- 
rations can  now  be  traced  in  the  firmament, — or 
whether  any  of  those  orbs  which  are  visible  at  one 
time  are  invisible  at  another, — to  such  inquiries 
there  is  not  one  out  of  a  thousand  of  those  who 
have  occasionally  gazed  at  the  starry  heavens  that 
could  give  a  satisfactory  reply.  It  is  the  industri- 
ous astronomer  alone,  who,  with  unwearied  obser- 
vations spends  sleepless  nights  in  surveying  the 
various  regions  of  the  celestial  vault,  that  can  tell 
with  certainty  whether  or  not  any  changes  occa- 
sionally take  place  in  reference  to  any  of  the 
etarry  orbs. 

The  first  account  we  have  of  any  changeshaving 
been  perceived  among  the  stars  is  that  recorded  by 
Hipparchus,  of  Rhodes,  a  celebrated  astronomer 
who  flourished  about  120  years  before  the  Chris- 
tian era.  About  this  period,  this  accurate  obser- 
ver of  the  heavens  perceived,  in  a  certain  part  of 
the  firmament,  a  star  which  he  had  never  observ- 
ed before,  and  of  which  he  could  find  no  record 
in  the  observations  of  his  predecessors.  Struck 
with  this  new  and  unexpected  phenomenon,  he 
began  to  doubt  whether  changes  might  not  happen 
among  the  celestial  orbs,  as  well  as  in  the  scene  of 
nature  here  below.  In  order  that  such  changes 
when  they  happen  might  be  known  to  future  gen- 
erations, he  began  to  form  a  catalogue  of  all  the 
sta^s  visible  in  that  part  of  the  world  where  he  re- 
sided,'noting  down  the  place  and  apparent  magni- 
tude of  each  star,  until  he  at  length  completed  a 
list  of  all  the  visible  stars  in  the  heavens;  which 
was  the  first  catalogue  of  those  luminaries  of  which 
we  have  any  account  in  history.  It  is  much  to  be 
regretted  that  we  have  no  specific  account  of  the 
particular  part  of  the  heavens  where  this  new  star 
appeared,  as  it  might  have  led  us  to  determine 
whether  it  be  still  Tlsible,  or  whether  it  be  subject 


to  periodical  changes,  or  have  altogether  disap- 
peared. 

In  the  year  130  after  the  Christian  era,  another 
new  star  is  said  to  have  made  its  appearance.  In 
the  year  3&9,  a  new  star  appeared  near  at  Aquilas, 
or  Altair,  in  the  constellation  of  the  Eagle.  Ita 
appearance  was  sudden;  it  continued  three  weeks, 
emitting  a  splendor  equal  to  that  of  Venus,  and 
afterward  entirely  disappeared.  In  the  ninth 
century,  a  new  star  appeared  in  the  fifteenth 
degree  of  Scorpio,  which  is  said  to  have  emitted 
as  much  light  as  is  reflected  from  one  quarter  of 
the  moon.  In  945,  a  new  star  appeared  between 
the  constellations  of  Cepheus  and  Cassiopeia;  a^ 
another,  in  1264,  near  the  constellation  Cassio- 
peia; but  of  these  stars  the  accounts  are  so  vagut 
and  imperfect  that  we  can  form  no  distinct  con- 
ceptions of  the  phenomena  they  exhibited. 

The  most  striking  and  wonderful  phenomenon 
of  this  kind  of  which  we  have  an  authentic  and 
distinct  description  occurred  in  the  beginning  of 
November,  1572,  when  a  new  star  appeared  in 
Cassiopeia,  forming  nearly  a  rhombus  with  the 
three  largest  stars,  a.,  ^,  y,  of  that  constellation.  ^ 
Its  appearance  was  sudden  and  brilliant.  Its  phe-  B 
nomena  were  so  striking  that  the  sight  of  it  ^ 
determined  the  celebrated  Tycho  Brahe  to  become 
an  astronomer.  He  did  not  see  it  at  half  an  hour 
past  five,  when  he  was  returning  from  his  house 
to  his  laboratory  ;  but  returning  about  ten,  he 
came  to  a  crowd  of  country  people  who  were 
staring  at  something  behind  him.  Looking  round, 
he  saw  this  wonderful  object.  It  was  so  bright 
that  his  staff  had  a  shadow;  it  was  of  a  dazzling 
white,  with  a  little  of  a  bluish  tinge.  It  had  no 
tail  or  hair  around  it  similar  to  comets,  but  shone 
with  the  same  kind  of  luster  as  the  other  fixed 
stars.  Its  brilliancy  was  so  great  as  to  surpass 
that  of  Lyra  and  Sirius.  It  appeared  even  larger 
than  Jupiter,  which  was  then  at  its  nearest  ap- 
proach to  the  earth,  and  by  some  was  estimated 
to  be  superior  to  the  planet  Venus  in  its  greatest 
luster.  It  was  even  seen  by  those  wlio  had  good 
eyes  at  noonday;  a  circumstance  which  never 
happens  in  the  case  of  any  of  the  other  stars,  or 
even  of  the  planets,  except  Venus,  which  has 
sometimes  been  seen  in  daylight  in  certain  pecu- 
liar positions.  During  night,  it  was  frequently 
seen  through  thin  clouds  which  entirely  inter- 
cepted the  light  of  the  other  stars.  In  this  state 
it  continued  to  shine  with  undiminished  brilliancy 
during  the  remaining  part  of  November,  or  moro 
than  three  weeks.     It  did  not,  however,  contiuua 
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much  longer  with  this  degree  of  brightness,  but 
gradually  diminisjied  in  its  luster.  In  the  month 
of  December,  it  appeared  to  be  only  equal  to  Ju- 
piter; in  January,  1573,  it  appeared  a  little  less 
than  that  planet,  but  still  somewhat  larger  than 
stars  of  the  first  magnitude,  to  which  it  appeared 
about  equal  during  the  months  of  February  and 
March;  tbus  gradually  diminisliing  in  brightness, 
in  April  and  May,  it  was  like  a  star  of  the  second 
magnitude;  in  the  months  of  June,  July,  and 
August,  it  was  equal  only  to  the  largest  stars  in 
Cassiopeia,  which  are  mostly  of  the  third  magni- 
tude; in  September,  October,  and  November,  it 
was  no  larger  than  a  star  of  the  fourth  magni- 
tude; in  December,  it  was  about  equal  to  the  star 
called  Gamma,  which  was  nearest  to  it;  toward 
the  end  of  1578,  and  during  the  month  of  Janu- 
ary, 1574,  it  was  but  little  superior  to  stars  of  the 
fifth  magnitude;  in  February,  it  was  no  larger  than 
a  star  of  the  sixth  magnitude;  and  in  the  month 
of  March  it  entirely  disappeared,  having  con- 
tinued visible  from  the  beginning  of  November, 
1572,  to  March,  1574,  a  period  of  about  sixteen 
months.  It  was  remarked  that  as  it  diminished 
in  size  it  was  likewise  subject  to  certain  changes 
in  color  and  brightness.  When  it  appeared 
largest,  its  light  was  white  and  brilliant;  after 
which  it  appeared  a  little  yellowish;  and  in  the 
beginning  of  spring,  1573,  it  approached  some- 
tliing  to  the  color  of  Mars,  being  reddish  like  the 
star  Aldebaran,  or  the  Bull's  Eye,  and  a  little  less 
bright  than  the  star  in  the  right  shoulder  of  Orion. 
In  the  month  of  May  that  year,  it  was  of  a  pale 
livid  white,  like  Saturn;  which  color,  as  likewise 
its  sparkling  appearance,  continued  to  the  last, 
only  growing  more  dim  and  faint  as  it  approached 
the  period  of  its  disappearance. 

Such  were  the  appearances  and  changes  of  this 
wonderful  star.  These  phenomena  were  particu- 
larly observed  by  several  astronomers  of  that 
period,  especially  by  Tycho  Brahe,  who  wrote  a 
treatise  on  the  subject,  in  which  he  determined 
its  longitude  and  latitude,  and  demonstrated  that 
it  was  situated  in  the  region  of  the  fixed  stars,  at 
a  much  greater  distance  from  the  earth  than  the 
sun,  moon,  or  any  of  the  planets,  as  it  had  no 
sensible  parallax,  and  remained  in  the  same  point  of 
the  heavens  during  the  whole  period  of  its  appear- 
ance. This  star  was  likewise  diligently  observed 
by  Cornelius  Gamma,  who  says  that  on  the  night 
of  the  8th  November,  1572,  he  viewed  with  some 
attention  that  part  of  the  heavens,  in  a  very 
serene  sky,  but  saw  nothing  uncommon;  but  that 
the  next  night,  November  9th,  it  appeared  with 
a  splendor  surpassing  all  the  fixed  stars,  and 
scarcely  less  bright  than  Venus.  The  longitude 
of  this  star,  as  determined  by  Tycho,  was  9°  17', 
and  53°  45'  of  north  latitude. 

The  poiijt  in  the  heavens  where  this  star  ap- 
peared may  be  ascertained  from  the  following 
figure,  which  exhibits  a  representation  of  the 
principal  stars  in  Cassiopeia.  The  general  po- 
sition of  this  constellation  may  be  found  from 
the  map  of  the  circumpolar  stars,  Plate  III.  It  is 
almost  directly  opposite  Ursa  Major,  or  the  Great 
Bear.  A  line  drawn  from  the  Bear  through  the 
pole-star  meets  Cassiopeia  at  nearly  an  equal  dis- 
tance on  tlie  other  side  of  that  star.  When  the 
Bear  is  at  its  lowest  position  below  the  pole,  Cas- 
siopeia is  near  the  zenith,  and  vice  versa.  In  the 
annexed  representation  (fig.  9)  the  large  star 
toward  the  left  points  out  the  place  which  was 
occupied  by  the  new  star,  which,  with  the  three 
Stars,  et,  /2,  y,  forms  a  kind  of  rhombus,  or  irregu- 
lar square.  The  one  on  the  left  above  the  new 
Btar  is  /3,  and  is  also  known  by  the  name  of  Caph. 


The  one  to  the  right  of  Caph  and  a  little  higher 
is  a,  distinguished  likewise  by  the  name  Schedir, 
Below  Schedir,  and  a  little  to  the  right,  is  the  stai 
y,  or  Gamma.    About  six  degrees  north-west  of 

Fig.  9. 


Caph,  the  telescope  reveals  to  us  a  pretty  large 
nebula  of  small  stars,  apparently  compressed  into 
one  mass,  with  a  number  of  loose  stars  surround- 
ing it. 

In  the  year  1604,  about  the  end  of  September, 
another  new  star  appeared  near  the  heel  of  the 
right  foot  of  Serpentarius.  At  that  time,  near 
the  same  part  of  the  heavens,  the  planets  Mars, 
Jupiter,  and  Saturn,  were  very  near  to  each  other, 
a  phenomenon  which  so  engaged  the  attention  of 
astronomers  that  no  uncommon  appearance  in 
that  quarter  of  the  heavens  could  long  have 
escaped  detection.  On  the  I7th  of  September, 
Kepler,  v/ho  wrote  a  treatise  on  this  star,  care- 
fully observed  the  three  planets;  on  the  23d,  he 
again  viewed  Mars  and  Jupiter,  then  approaching 
to  their  conjunction  ;  and  one  of  his  scholars 
made  the  same  observation  on  the  27th.  On  the 
28th,  and  on  the  29th,  which  was  the  day  when 
Mars  and  Jupiter  were  in  conjunction,  they  were 
observed  by  Mmstliims  and  otJiers ;  but  none  of 
them  as  yet  saw  anything  of  the  new  star.  On 
the  30th,  the  sudden  breaking  of  the  clouds  afford- 
ed one  of  Kepler's  friends  an  opportunity  of 
having  a  very  short  view  of  it;  for  in  looking  for 
Mars  and  Jupiter,  he  saw  a  bright  star  near  them, 
wiiich  he  had  not  seen  before,  but  it  was  soon 
obscured  b}^  clouds.  On  the  2d,  3d,  4th,  and  6th 
of  October,  it  was  seen  by  several  persons  in  dif- 
ferent places.  On  account  of  cloudy  weather  at 
Prague,  where  Kepler  resided,  he  did  not  see  it 
until  the  8th  of  that  month.  All  the  observers 
agreed  in  this, — that  it  was  exactly  round,  without 
any  beard  or  tail;  that  it  was  exactly  like  one  of 
the  fixed  stars;  and  that  in  the  vividness  of  its 
luster,  and  the  quickness  of  its  sparkling,  it  ex 
ceeded  anything  they  had  ever  seen  before.  As 
to  its  color,  it  was  remarked  that  it  was  every  mo- 
ment changing  into  the  colors  of  the  rainbow,  as 
yellow,  crange,  purple,  and  red;  but  was  generally 
white  when  at  a  little  hight  above  the  vapors 
near  the  horizon.  At  its  first  appearance,  it 
seemed  larger  than  any  of  the  fixed  stars,  and 
even  surpassed  Jupiter,  which  planet  was  near  it 
during  the  whole  of  October,  and  by  its  steady 
light  was  easily  distinguishable  from  this  vehe- 
mently sparkling  star.  It  continued  of  the  same 
size  and  brilliancy  during  the  whole  of  October. 
About  the  end  of  this  month  the  sun  was  ap- 
proaching that  part  of  the  heavens  in  which  thm 
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star  appeared,  yet  on  the  30th  it  was  so  much 
brighter  than  Jupiter  that  Kepler  could  see  it 
distinctly  when  Jupiter  was  imperceptible,  on 
account  of  the  light  of  the  sun,  though  he  was 
farther  from  the  sun's  beams  than  the  star.  On 
the  6th  and  8th  of  November  it  was  seen  by 
Kepler  and  others;  and  at  Turin,  on  the  13th, 
which  appears  to  have  been  the  last  time  it  was 
perceived  before  being  overpowered  by  the  solar 
rays.  After  emerging  from  tlie  sun's  i-ays,  on  the 
west,  it  was  seen  in  the  morning  on  the  24th  De- 
cember, and  though  it  sparkled  exceedingly,  yet 
it  was  considerably  diminished  in  magnitude, 
appearing  however,  larger  than  the  bright  star 
Antares.  From  the  middle  of  January  1605,  until 
the  middle  of  March,  it  gradually  diminished  in 
brightness.  In  the  beginning  of  April,  it  appeared 
like  a  star  of  the  third  magnitude,  and  continued 
nearly  of  the  same  size  during  the  months  of  May, 
June,  and  July,  and  continued  to  sparkle  more 
strongly  than  any  other  fixed  star.  On  Septem- 
ber 28lh,  a  year  after  its  first  appearance,  it  was 
more  brilliant  than  the  star  in  the  leg  of  Serpen- 
tarius,  which  is  reckoned  of  the  third  magnitude. 
As  it  was  at  this  time  again  approaching  to  the 
vicinity  of  the  sun,  it  does  not  appear  to  have 
been  seen  after  this  period.  In  December,  1605, 
and  January,  1606,  cloudy  weather  prevented 
observations  after  it  had  emerged  from  the  solar 
rays.  Kepler  concludes  that  it  must  have  disap- 
peared some  time  between  October,  1605,  and  the 
following  February,  but  on  what  day  is  uncertain. 
Like  the  former  star  which  appeared  in  Cassio- 
peia, it  had  no  parallax,  and  remained  in  the  same 
point  of  the  heavens. 

None  of  the  new  stars  whose  phenomena  we  have 
described  above  have  ever  reappeared,  the  places 
which  t'.  ey  occupied  still  remaining  a  blank.  It 
is  much  to  be  regretted  that  the  telescope  was  not 
invented  at  the  periods  when  these  stars  appeared, 
as  it  might  have  been  ascertained  by  their  instru- 
ment whether  they  had  any  sensible  diameters. 
At  any  rate,  their  gradual  decrease  of  magnitude 
and  luster  might  have  been  traced  by  a  good  tele- 
scope for  a  long  period,  perhaps  for  years,  after 
they  disappeared  to  the  naked  eye,  which  must 
have  led  us  to  draw  some  conclusions  ret  lecting 
the  cause  which  produced  so  extraordinary  phe- 
nomena. Were  such  a  remarkable  phenomenon 
to  happen  in  our  times,  when  telescopes,  micro- 
meters, and  other  astronomical  instruments  have 
received  so  many  exquisite  improvements,  so  as 
to  enable  us  to  penetrate  deep  into  the  profundity 
of  space,  and  to  measure  the  smallest  angles,  a 
variety  of  additional  facts  and  circumstances  would 
doubtless  be  discovered  in  relation  to  phenomena 
and  events  so  striking  and  sublime.* 

The  subject  of  new  stars,  such  as  those  now 
described,  which  blazed  forth  with  so  extraordi- 
nary a  brilliancy  and  so  soon  disappeared,  natu- 
rally gives  rise  to  solemn  and  interesting  reflec- 
tions. There  is  a  mystery  that  hangs  over  such 
sublime  phenomena  which  produces  in  the  mind 
an  anxious  desire  to  behold  the  vail  removed,  and 
to  investigate  the  reasons  and  causes  of  such  stu- 
pendous events.  "  It  is  impossible,"  says  Mrs. 
Sommerville,  when  alluding  to  the  star  of  1572, 

•  Beside  the  above,  the  following  instances  of  new  stars 
may  be  noted: — Tn  the  year  1670,  a  new  star  was  discovered 
by  Hevelius  and  Antbelm,  near  the  head  of  the  Swan, 
which,  after  becoming  invisible,  reappeared,  and  after  under- 
going several  singular  fluctuations  of  lig'it  during  two 
years,  gradually  vanished  from  the  sight,  and  has  never  since 
b»an  seen.  Another  new  star  is  said  to  have  been  seen  the 
same  year  at  Paris,  about  the  back  of  the  Swan,  which, 
after  the  space  of  fourteen  days,  vanished  away. — Whis- 
ton's  Astronomical  Lectures,  p.  45. 


"to  imagine  anything  more  tremendous  than  a 
conflagration  that  would  be  visible  at  such  a  dis- 
tance." Whether  there  was  anything  in  the  exist- 
ing state  of  the  body  alluded  to  similar  to  what 
we  call  a  confiagration  may  be  justly  doubted,  but 
there  was  a  splendor  and  luminosity  concentrated 
in  that  point  of  the  heavens  where  the  star  ap- 
peared which  would  more  than  equal  the  blaze  of 
twelve  hundred  thousand  vorlds  such  as  ours,  wero 
they  all  collected  into  one  mass,  and  all  at  ones 
wrapt  ill  flames.  Nay,  it  is  not  improbable  tha« 
were  a  globe  as  large  as  would  fill  the  whole  cir- 
cumference of  the  earth's  annual  orbit  to  be 
lighted  up  with  a  splendor  similar  to  that  of  the 
sun,  it  would  scarcely  surpass  in  brilliancy  and 
splendor  the  star  to  which  we  refer;  for  during 
the  whole  period  of  its  coutiiuiing  visible,  it  never 
appeared  in  the  least  to  shift  its  position,  though 
it  was  carefully  watched  by  the  astronomers  of 
that  age;  and,  consequentyy,  the  whole  diameter 
of  the  earth's  orbit,  while  the  earth  passed  from 
one  extremity  of  it  to  another,  appeared  only  as 
a  point  at  the  vast  distance  at  which  the  star  was 
situated.  These  may  appear  bold  positions,  but 
they  are  in  some  measure  warranted  by  the  facts 
of  the  case,  and  they  are  perfectly  consistent  with 
what  we  know  of  many  of  the  other  astonishing 
operations  of  that  Almighty  Being  who  is  "won- 
derful in  counsel  and  excellent  in  working,"  and 
"whose  ways,"  in  providence  and  creation  "are 
past  finding  out." 

It  is  natural  to  inquire  what  may  have  been 
the  cause  of  phenomena  so  extraordinary  and 
sublime;  but  our  limited  views  of  creation  and  of 
the  plans  and  purposes  of  its  Omnipotent  Con- 
triver and  Governor  prevent  us  from  arriving  at 
any  satisfactory  conclusions.  La  Place  says  in 
reference  to  this  subject — "  As  to  those  stars 
which  suddenly  shine  forth  with  a  very  vivid 
light,  and  then  vanish,  it  may  be  supposed,  with 
probability,  that  great  conflagrations,  occasioned 
by  extraordinary  causes,  take  place  on  their  sur- 
faces; and  this  supposition  is  confirmed  by  their 
change  of  color,  analogous  to  that  which  is  pre- 
sented to  us  on  the  earth  by  bodies  which  are 
consumed  by  fire."*  But  such  an  opinion,  how- 
ever great  the  astronomer  who  proposed  it,  ap- 
pears quite  unsatisfactory.  We  err  egregiously 
when  we  attempt  to  compare  the  puny  operatioits 
and  conflagrations  which  happen  on  our  globe 
with  a  scene  so  far  transcending  everything  we 
behold  in  this  terrestrial  sphere.  The  greatest 
conflagration  that  was  ever  witnessed  on  earth 
cannot  bear  the  smallest  proportion  or  similitude 
to  an  object  which  must  have  occupied  a  space 
more  than  ten  hundred  thousand  times  the  solid 
contents  of  our  globe  ;  nor  is  it  likely  that  the 
agents  or  elementary  principles  which  produced 
the  respective  phenomena  were  at  all  similar. 

The  late  Professor  Vince,  one  of  the  most 
learned  astronomers  of  his  age,  has  the  following 
remark: — "  The  disappearance  of  some  stars  may 
be  the  destruction  of  that  system  at  the  lime  ap- 
pointed by  the  Deity  for  the  probation  of  its 
inhabitants,  and  the  appearance  of  new  stars  may 
be  the  formation  of  new  systems  for  new  races 
of  beings  then  called  into  existence  to  adore  the 
works  of  their  Creator."i-  The  late  Dr.  Mason 
Good  seemed  to  indulge  in  a  similar  opinion 
"Worlds,  and  systems  of  worlds,"  says,  he,  "are 
not  only  perpetually  creating,  but  also  perpetually 
disappearing.  It  is  an  extraordinary  fact  that, 
within  the  period  of  the  last  century,  not  less  than 


•  System  of  the  World,  vol.  1,  p.  101. 

t  Vince'j  "Complete  System  of  xVstronomy." 
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thirteen  stars,  in  different  constellations,  seem  to 
have  totally  perished,  and  ten  new  ones  to  have 
been  created.  In  many  instances  it  is  unques- 
tionable that  the  stars  themselves,  the  supposed 
habitation  of  other  kinds  or  orders  of  intelligent 
beings,  together  with  the  different  planets  by 
which  it  is  probable  they  were  surrounded,  have 
utterly  vanished,  and  the  spots  which  they  occu- 
pied in  the  heavens  have  become  blanks.  What 
has  befallen  other  systems  will  assuredly  befall 
our  ovvji.  Of  the  time  and  the  manner  we  know 
nothing;  but  the  fact  is  incontrovertible — it  is  fore- 
told by  revelation — it  is  inscribed  in  the  heavens 
— it  is  felt  through  the  earth.  Such  is  the  awful 
and  daily  text;  what,  then,  ought  to  be  the  com- 
ment?" Similar  to  these  were  the  sentiments  of 
the  late  Professor  Robinson,  of  Edinburgh : — 
"  What  has  become  of  that  dazzling  star,  surpas- 
sing Venus  in  brightness,  which  shone  out  all  at 
once  in  November,  1572?" — "  Such  appearances 
in  the  heavens  make  it  evident  that,  notwith- 
Btanding  the  wise  provision  made  for  maintaining 
that  order  and  utility  which  we  behold  in  our 
system,  the  day  may  come  'when  the  heavens 
shall  pass  away  like  a  scroll  that  is  folded  up, 
when  the  stars  in  heaven  shall  fall,  and  the  sun 
shall  cease  to  give  his  light.'  The  sustaining  hand 
of  God  is  still  necessary,  and  the  present  order  and 
harmony  which  he  has  enabled  us  to  understand 
and  admire  is  wholly  dependent  on  his  will,  and 
its  duration  is  one  of  the  unsearchable  measures 
of  his  providence." 

Such  are  the  pious  sentiments  of  the  above- 
named  respectable  philosophers  in  reference  to  the 
subject  under  consideration;  but  it  may  be  ques- 
tioned whether  they  are  altogether  judicious,  or 
correspondent  to  the  perfections  of  the  Creator 
and  the  arrangements  he  has  made  in  the  uni- 
verse. They  seem  to  take  for  granted  that  those 
stars  which  have  blazed  for  awhile,  and  then  dis- 
appeared, have  been  destroyed  or  annihilated. 
We  are  indeed  informed  that,  in  regard  to  our 
globe,  a  period  is  approaching  when  "the  elements 
shall  melt  with  fervent  heat,  and  the  earth  and 
the  works  that  are  therein  shall  be  burnt  up." 
But  such  a  conflagration  cannot  be  justly  com- 
pared to  tbe  splendor  of  those  wonderful  stars  de- 
scribed above.  At  whatever  period  in  the  lapse  of 
duration  such  an  event  may  take  place,  it  will  be 
so  far  from  being  visible  at  the  nearest  star,  that 
it  would  not  be  seen  by  such  eyes  as  ours  at  the 
boundaries  of  our  system.  Beside,  we  are  assured, 
in  that  revelation  which  announces  it,  that  that 
awful  event  shall  take  place  as  one  of  the  conse- 
quences of  the  sin  and  depravity  of  man  ;  and 
therefore  we  have  no  reason  to  believe  that  it 
will  extend  to  the  sun  or  any  of  the  surrounding 
planets  of  our  system;  nor  have  we  any  reason  to 
conclude  that  the  conflagration  of  our  globe  will 
issue  in  its  entire  destruction,  or  that  the  elemen- 
tary principles  of  which  it  is  composed  will  be 
annihilated.  It  is  more  probable,  nay,  almost 
certain,  that  this  tremendous  event  will  only  tend 
to  purify  our  globe  from  the  physical  evils  which 
now  exist,  and  to  transform  it  into  a  new  and 
happier  world  for  the  residence  of  renovated  and 
pure  intelligences.  In  regard  to  annihilat'wn,  we 
have  no  proof  that  any  particle  of  matter  yvhich 
was  ever  created  has  yet  been  annihilated.*  In- 
cessant changes  and  transformations  are  going 
forward  both  in  the  scene  of  sublunary  nature 
and  throughout  the  celestial  regions;  but  changes 
in  material  objects  do  not  necessarily  imply  the 


*  See  "  Philosophy  of  a  Future  State,"  chap, 
and  "Christian  Pliilosopher„'' 
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destruction  of  the  matter  of  which  they  are  com- 
posed, but  simply  a  new  arrangement  or  mode  of 
operation.  We  have  no  reason  to  believe  that 
any  portions  of  matter  which  now  exist  through- 
out the  universe  will  ever  be  reduced  to  annihila- 
tion. On  the  other  hand,  we  have  palpable  evi- 
dence, from  several  phenomena  in  the  heavens, 
that  the  work  of  creation  is  still  going  forward, 
and  that  the  Creator  is  gradually  ushering  into 
existence  new  suns,  and  systems,  and  worlds;  and 
in  all  probability  his  creating  energy  will  be  con- 
tinually exerting  itself  throughout  all  the  suc- 
ceeding ages  of  eternity. 

Again,  if  that  grand  and  terrific  event  which  is 
to  put  a  final  period  to  the  present  terrestrial  sys- 
tem is  to  be  viewed  as  a  consequence  of  the 
introduction  of  moral  evil  and  the  depravity  of 
man,  then  we  are  led  to  conclude  that  those  intel- 
ligences which  were  connected  with  the  systems 
which  are  supposed  to  have  been  destroyed  must 
have  been  involved  in  the  guilt  of  moral  degen- 
eracy, or,  in  other  words,  in  rebellion  against 
their  Creator;  otherwise,  why  were  they  subjected 
to  such  an  awful  catastrophe,  and  doomed  to  be 
blotted  out  of  existence?  We  have  no  ground 
for  entertaining  any  such  supposition.  Reasoning 
from  the  benevolence  of  the  Deity,  it  is  more  pro- 
bable to  conclude  that  the  inhabitants  of  our 
world  are  almost  the  only  intelligences  through- 
out the  universe  who  have  swerved  from  the  path 
of  original  rectitude,  and  violated  the  moral  laws 
of  their  Maker.  Nor  is  it  likely  that  the  whole 
inhabitants  of  any  system,  consisting,  perhaps,  of 
thirty  or  even  of  a  hundred  worlds — would  be 
found  uniting  in  rebellion  against  the  moral  gov- 
ernment of  their  Benefactor,  so  as  to  warrant  the 
entire  destruction  of  the  system  with  which  they 
were  connected.  Beside,  were  the  views  of  the 
philosophers  to  which  I  allude  to  be  adopted,  then 
we  must  admit  that  the  systems  which  in  their 
opinion  were  destroyed  or  annihilated  must  have 
been  continued  in  existence  only  for  a  year  or 
two;  for  no  luminous  bodies  occupied  the  places 
of  the  new  stars  before  they  burst  on  a  sudden  to 
the  view,  and  no  twinkling  orbs  have  been  seen 
in  these  points  of  the  heavens  since  they  disap- 
peared; but  it  is  surely  not  at  all  probable  that  the 
Almighty  would  launch  into  existence  systems  of 
such  amazing  magnitude  and  splendor,  and  suffer 
them  to  rush  into  destruction  within  a  period  of 
so  very  limited  duration. 

For  the  reasons  now  stated,  and  others  which 
might  have  been  brought  forward,  I  cannot  acqui- 
esce in  the  views  of  the  respectable  philosophers 
to  which  I  have  adverted;  but  it  is  easier  to  set 
aside  an  untenable  hypothesis  than  to  attempt  an 
explanation  of  the  real  causes  of  so  sublime  and 
wonderful  phenomena.  In  investigating  the  dis- 
tant wonders  of  the  universe  and  the  arrange- 
ments of  the  Divine  government,  it  becomes  ua 
to  express  our  sentiments  with  modesty  and  cau- 
tion. Whatever  may  have  been  the  causes  which 
prosluced  the  sudden  splendor  and  the  rapid  disap- 
pearance of  the  new  stars,  I  entertain  not  the 
least  doubt  that  those  bodies  are  still  in  existence, 
and  subserving  important  purposes  in  the  economy 
of  God's  universal  government.  Almost  anyJiy- 
potiiesis  is  to  be  preferred  to  that  which  supposes 
their  destruction  or  aDuiliiiation.  What  should 
hinder  us  from  concluding  tiiat  the  extraordinary 
phenomena  of  the  star  of  1572  was  owing  to  a 
luminous  orb  of  immense  magnitude,  accompa- 
nied with  a  retinue  of  worlds,  moving  ivitk  ineon- 
ceivahle  velocity  in  an  immense  elliptical  orbit,  the 
longer  side  of  which  was  nearly  in  a  direction  to 
our  eye;  that  its  most  brilliant  appearance  was 
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when  It  was  nearest  our  system,  as  at  A,  (fig^.  10), 
Bupposiug  £  the  relative  position  of  the  earth,  or 
of  our  system;  and  that,  as  it  gradually  declined 
in  its  brightness,  it  was  passing  along  the  curve 
from  A  toward  B  and  C,  until  its  rapid  flight  at 


length  carried  it  beyond  the  limits  of  human 
vision?  Had  telescopes  been  in  use  at  that  period, 
there  is  little  doubt  it  would  have  been  seen, 
though  still  diminishing,  for  a  much  longer  period 
than  that  in  which  it  was  visible  to  the  unassisted 
eye;  in  which  case  it  would  have  fully  corrobo- 
rated the  opinion  now  stated.  In  confirmation 
of  this  explanation  of  the  phenomena  it  has  been 
supposed,  with  a  high  degree  of  probability,  that 
it  is  the  same  star  which  appeared  in  the  j'ear  945 
and  in  12G4,  which,  of  course,  would  have  a 
period  of  revolution  of  about  319  years,  which 
period  might  vary  two  or  three  years  in  the 
course  of  its  revolutions,  from  causes  with  which 
we  are  unacquainted,  as  we  find  sometimes  hap- 
pens in  the  case  of  comets.  This  opinion  is  ren- 
dered the  more  probable  from  the  consideration 
that  the  stars  of  945  and  1264  appeared  in  the 
constellation  of  Cassiopeia,  where  likewise  the  star 
of  1572  was  observed;  and  if  these  be  identical, 
then  it  is  probable  that  it  will  again  make  its 
appearance  about  the  year  1891  or  1892;  and  if 
so,  astronomers  will  then  have  a  better  opportu- 
nity of  marking  its  aspects  and  motions,  and 
determining  its  size  and  its  period  of  revolution. 
If  this  explanation  appear  the  most  probable,  it 
presents  to  the  mind  a  most  magnificent  and  over- 
whelming idea,  without  supposing  anything  so 
tremendous  and  terrific  as  a  sudden  conflagration. 
It  presents  before  us  a  luminous  globe  of  aston- 
ishing magnitude — perhaps  not  less  than  a  hun- 
dred times  the  size  of  our  sun — winging  its  course 
over  a  circuit  perhaps  a  thousand  times  more 
expansive  than  the  orbit  of  Uranus,  and  carrying 
along  with  it  a  hundred  worlds  in  its  swift  career. 
The  motion  of  such  a  body  must  have  been  rapid 
in  the  extreme,  when  we  consider  the  rapid  dimi- 
nution of  its  apparent  magnitude.  In  the  month 
of  November  it  first  appeared;  in  December  its 
brightness  was  sensibly  diminished;  in  the  month 
of  April  following  it  had  diminished  to  the  size 
of  a  star  of  the  second  magnitude;  in  July,  to 
«ne  of  the  third  magnitude;  in  October,  to  one 
of  the  fourtii;  in  the  following  January,  to  one 


of   the  fifth;    in  February,  to  one  of  the  sixth 
magnitude;  and  in  March  it  disappeared. 

Now,  according  to  Sir  W.  Herschel's  experi- 
ments, the  light  of  a  star  of  th<^  first  magnitude 
being  supposed  100,  the  light  of  one  of  the  second 
magnitude  is  25,  one  of  the  third  magnitude,  12,  &c. 
(see  p.  22 ).  If,  then,  we  suppose  these  classes  of  stara 
to  be  nearly  of  equal  magnitudes,  and  that  their 
distance  is  in  an  inverse  proportion  to  the  diminu- 
tion of  their  light,  it  will  follow  that  a  star  of  the 
second  magnitude  is  four  times  the  distance  of  a 
star  of  the  first;  a  star  of  the  third  magnitude, 
four  times  the  distance  of  the  second,  or  eiglit  time? 
the  distance  of  fhefirgt  magnitude,  &c.  Supposing, 
then,  the  star  of  1572  to  have  been  twenty  billions 
of  miles  from  the  earth  at  its  nearest  approach  to 
our  system;  from  December,  1572,  to  April,  1573, 
when  it  was  diminished  to  the  apparent  size  of  a 
star  of  the  second  magnitude,  it  must  have  moved 
four  times  that  distance,  or  eighty  billions  of 
miles  during  these  four  months,  which  is  at  the 
rate  of  six  hundred  thousand  millions  of  miles  a 
day,  and  four  hundred  and  sixty-two  millions  a 
minute,  a  velocity  of  which  we  can  hav3  no  ade- 
quate conception. 

If  the  above  explanation  be  unsatisfactory,  I 
know  not  to  what  hypothesis  to  resort  for  a  solu- 
tion of  this  mysterious  and  wonderful  phenome- 
non. Whatever  view  we  may  be  disposed  to  take 
of  such  striking  events,  we  are  lost  in  admiration 
and  wonder.  We  behold  a  display  of  magnitude, 
of  motion,  and  of  magnificence,  which  over- 
powers the  human  faculties,  which  shows  us  the 
littleness  of  man  and  the  limited  nature  of  his 
powers,  and  wliich  ought  to  inspire  us  with  reve- 
rence of  that  Almighty  Being  who  sits  on  the 
throne  of  the  universe,  directing  all  its  movements 
for  the  accomplishment  of  his  wise  and  righteous 
designs,  and  for  the  diifusion  of  universal  happi- 
ness throughout  all  the  ranks  of  intelligent  exis- 
tence. However  astonishing  the  conclusions  wo 
are  led  to  deduce  from  the  phenomena  under  con- 
sideration, the  facts  to  which  we  have  adverted 
are  not  beyond  the  energies  of  Him  whose  per- 
fections are  strictly  infinite.  Nay,  from  such  a 
Being,  who  is  self-existent  and  omniscient,  who 
fills  the  immensity  of  space  with  his  presence, 
and  whose  power  is  boundless  in  its  operation,  wo 
should  naturally  expect  that  displays  of  creating 
and  sustaining  energy  would  be  exhibited,  alto- 
gether overwhelming  and  incomprehensible  by 
mortals.  "  Canst  thou  by  searching  find  out  God? 
Canst  thou  find  out  the  almighty  to  perfection? 
In  the  bights  of  heaven  he  doth  great  things  past 
finding  out,  yea,  and  wonders  without  number. 
By  his  spirit  he  hath  garnislied  the  heavens.  The 
pillars  of  heaven  tremble  and  are  astonished  at 
his  reproof.  Lo,  these  are  but  parts  of  his  waysj 
but  the  thunder  of  his  power  who  can  under- 
stand?" 


CHAPTER   VII. 


ON  VARIABLE  SIGNS. 


When  the  starry  firmament  is  attentively  sur- 
Teyed,  and  the  aspects  of  the  numerous  orbs  it 
contains  particularly  marked,  it  is  found  that 
several  of  these  bodies  are  subject  to  periodical 
changes  in  the  brilliancy  of  their  light  and  their 
apparent  diameters,  indicating  in  some  instances 
motions  and  revolutions  of  considerable  extent. 
The  following  sketches  contain  descriptions  of 
the  more  remarkable  phenomena  connected  with 
this  class  of  the  heavenly  bodies,  generally  known 
fay  the  name  of  variable,  or  periodical  stars  : 

The  first  star  of  this  kind  which  seems  to  have 
been  particularly  noticed  is  one  in  the  neck  of 
the  Whale,  whose  right  ascension  is  2h.  8'  33", 
and  south  declination,  3°  57'  25".  It  was  first 
observed  on  August  13th,  1596,  by  DaviJ  Fabri- 
cius,  when  it  appeared  like  a  star  of  the  third 
magnitude,  but  disappeared  after  the  month  of 
October  in  the  same  year.  It  was  again  observed 
by  Holworda  in  the  year  1637;  and  after  having 
disappeared  during  a  period  of  nine  months,  it 
again  became  visible;  since  which  time  it  has 
been  found  every  year  pretty  regular  in  its  period, 
except  from  October,  1672,  to  December,  1676, 
during  which  time  Hevelius  could  not  perceive  it, 
though  it  was  a  particular  object  of  his  attention. 
Bullialdus,  a  Frenchman,  having  compared  to- 
gether the  observations  that  had  been  made  on  it 
from  1638  to  1666,  determined  the  periodical  time 
between  its  appearing  in  its  greatest  brightness 
and  returning  to  it  again  to  be  333  days.  He 
found  also  that  about  120  days  elapse  between  the 
time  that  it  is  first  seen  of  the  sixth  magnitude 
and  its  disappearing;  that  it  continues  in  its  great- 
est luster  for  about  fifteen  days;  that  after  its  first 
reappearance  of  the  sixth  magnitude  it  increases 
in  size  much  faster  until  it  comes  to  be  of  the 
fourth  magnitude,  tiian  it  does  from  that  period 
to  its  being  of  the  third;  and  that  from  its  being 
of  the  third  it  increases  to  the  second  magnitude 
by  still  slower  degrees.  Modern  astronomers  give 
the  following  description: — "It  remains  in  its 
greatest  brightness  about  a  fortnight,  being  then 
nearly  equal  to  a  star  of  the  second  magnitude; 
it  decreases  during  three  months,  until  it  becomes 
completely  invisible,  in  which  state  it  remains 
about  five  months,  when  it  again  becomes  visible, 
and  continues  increasing  during  the  remaining 
three  months  of  its  period;  but  it  does  not  always 
return  to  the  same  degree  of  brightness,  nor  in- 
crease and  diminish  by  the  same  gradations."  It 
appears  about  twelve  times  in  eleven  years.  Cas- 
6ini  determined  its  period  to  be  334  days;  but  Sir 
W.  Herschel  makes  it  331  days,  10  hours,  19 
minutes.  It  appears,  then,  that  this  star  passes 
through  all  the  gradations  of  light  and  magnitude 
from  a  star  of  the  second  to  a  star  of  the  sixth 
magnitude  and  under;  but  after  it  has  disappeared 
to  the  naked  eye  it  may  be  traced  to  its  lowest 
magnitude  by  a  telescope  of  moderate  power.  It 
ia  sometimes  distinguished  by  the  name  of  Stella 
Mira,  or  the  wonderful  star,  and  Omicron  Ceti. 

In  1704,  Maraldi  observed  a  variable  star  in  the 
constellation  Hydra.  This  star  had  baen  de- 
icribed  by  Moutanari  in  1670,  but  was  not  visible 


in  April,  1702.  Maraldi  saw  it  for  the  first  time 
in  the  beginning  of  March,  1704,  in  the  same 
place  where  it  had  been  seen  thirty-four  years 
before.  It  appeared  of  the  fourth  magnitude,  and 
continued  nearly  in  the  same  state  until  the  be- 
ginning of  April.  It  then  gradually  diminished 
until  the  end  of  May,  when  it  could  no  longer  be 
seen  by  the  naked  eye,  but  was  visible  through 
the  telescope  for  a  month  longer.  It  could  not 
be  seen  again  until  the  end  of  November,  1705, 
when  that  part  of  the  heavens  began  to  emerge 
from  the  sun's  rays.  It  was  then  very  faint,  and 
grew  less  and  less  until  the  end  of  February, 
1706,  and  could  then  be  scarcely  perceived  even 
with  a  telescope.  It  did  not  reappear  until  the 
18th  of  April,  1708,  when  it  was  larger  than  a 
star  of  the  sixth  magnitude,  and  increasing  in 
luster.  It  was  seen  by  the  same  observer  after- 
ward, in  the  years  1709  and'  1712.  From  the 
observations  of  Maraldi,  Mr.  Pigot  concludes  that 
its  period  was  then  494  days;  but  from  observa- 
tions made  by  himself  he  thinks  that  noio  it  is 
only  487  days;  so  that  from  the  time  of  Maraldi 
it  has  shortened  seven  days.  The  following  are 
the  more  prominent  particulars  relating  to  this 
star  : — 1.  When  at  its  full  brightness  it  is  of  the 
fourth  magnitude,  and  does  not  perceptibly  change 
for  the  space  of  fourteen  days.  2.  It  is  about  six 
months  in  increasing  from  the  tenth  magnitude 
and  returning  to  the  same;  so  that  it  may  be  con- 
sidered as  invisible  during  that  time.  3.  It  is 
considerably  more  quick,  perhaps  one-half  more 
so,  in  its  increase  than  in  its  decrease.  4.  Though, 
when  at  its  full,  it  may  always  be  styled  a  star  of 
the  fourth  magnitude,  it  does  not  constantly 
attain  the  same  degree  of  brightness,  but  the 
difTerences  are  very  small.  5.  Its  right  ascension 
for  1766  is31h.  18'  4";  and  its  south  declination, 
22°  9'  38".  It  is  marked  No.  30  in  Hevelius' 
Catalogue  of  the  Stars;  from  which  data,  its 
place  may  easily  be  found  on  a  planisphere,  or  on 
the  celestial  globe. 

lu  the  year  1600,  G.  Jansonius  discovered  a 
variable  star  in  the  breast  of  the  Swan,  which  was 
afterward  observed  by  different  astronomers,  and 
supposed  to  have  a  period  of  about  ten  years. 
The  results  of  j\Ir.  Pigot's  calculations  from  the 
observations  of  former  astronomers  are — 1.  That 
it  continues  in  full  luster  for  five  years.  2.  It 
decreases  rapidly  for  two  years.  3.  It  is  invisible 
to  the  naked  eye  for  four  years.  4.  It  increases 
slowly  during  seven  years.  5.  All  these  changes 
are  completed  in  eighteen  years.  6.  It  was  at  its 
minimum  at  the  end  of  the  year  1663.  7.  It  does 
not  always  increase  to  the  same  degree  of  bright- 
ness, being  sometimes  of  the  third,  and  at  others 
only  of  the  sixth  magnitude.  "I  am  entirely 
ignorant,"  says  Mr.  Pigot,  "whether  it  is  subject 
to  the  same  changes  in  thys  century,  having  not 
met  with  any  series  of  observations  upon  it;  but 
if  the  above  conjectures  are  right,  it  will  be  at  its 
minimum  in  a  very  few  years.  Since  November, 
1781,  to  the  year  1786,  I  have  constantly  seen  it 
of  the  sixth  magnitude,  though  I  suspect  that  in 
1785-6,  it  had   rather  decreased."     This  star  is 
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near  Gamma  in  the  Swan's  broast;  it  varies  from 
the  third  to  tlie  sixth,  seventh,  &c.  magnitudes. 
Its  right  ascension  is  20h.  9'  54";  north  declina- 
tion, 37°  22'  37". 

One  of  the  most  remarkable  of  these  changea- 
ble stars  is  that  called  Algol,  in  the  head  of  Me- 
dusa, in  tiie  constellation  Perseus.  It  had  long 
Bince  boen  known  to  appear  of  different  magni- 
tudes at  different  limes;  but  its  period  was  first 
ascertained  by  John  Goodiicke,  Esq.,  of  York, 
who  began  to  observe  it  in  the  beginning  of  the 
year  1783.  It  changes  continually  from  the  first 
or  second  to  the  fourth  magnitude;  and  the  time 
which  elapses  from  one  greatest  diminution  to 
the  other  was  found  in  1783  to  be,  at  a  mean,  2 
days,  20  hours,  49  minutes.  The  change  is  thus — 
during  four  hours  it  gradually  diminishes  in  lus- 
ter; daring  the  succeeding  four  hours  it  recovers 
its  first  magnitude  by  a  like  gradual  increase;  and 
during  the  remaining  part  of  the  period,  namely, 
2  days,  12  hours,  42  minutes,  it  invariably  pre- 
serves its  greatest  luster;  after  the  expiration  of 
which  its  diminution  again  commences.  Accord- 
ing to  Mr.  Pigot,  who  has  made  many  observations 
on  such  stars,  and  paid  particular  attention  to  the 
subject,  the  degree  of  brightness  of  this  star  when 
at  its  minimum  is  variable  at  different  periods;  and 
he  is  of  the  same  opinion  in  regard  to  its  bright- 
ness when  at  its  full;  but  whether  these  differences 
return  regularly  or  not  has  not  been  determined. 
The  right  ascension  of  Algol,  or  /3  Persei,  for 
178G,  is  2h.  54'  19";  and  its  north  declination  40° 
6'  58".  It  is  situated  12°  east  of  Almaach,  in  the 
foot  of  Andromeda,  and  may  be  known  by  means 
of  three  stars  of  the  fourth  maguiludo  lying  a 
few  degrees  south-west  of  it,  and  forming  a  small 
triangle.  It  comes  to  the  meridian  on  the  21st 
of  December,  about  nine  o'clock  in  the  evening; 
but  as  it  continues  above  the  horizon  at  least 
twenty  hours  out  of  the  twenty-four,  it  may  bo 
Been  every  evening  from  August  to  May. 

Another  variable  star  is  to  be  found  in  the  neck  of 
the  Swan.  The  period  of  this  star  has  been  settled 
by  Maraldi  and  Cussini  at  405  days;  but  from  a 
mean  of  the  observations  of  Mr.  Pigot,  it  appears 
to  be  only  392,  or  at  most  ;]96  7-8  days.  The  par- 
ticulars relating  to  it  are, — 1.  When  at  its  full 
brightness,  it  undergoes  no  perceptible  change  for 
a  fortnight.  2.  It  is  about  three  and  a  half  months 
in  increasing  from  the  eleventh  magnitude  to  its 
full  brightness,  and  the  same  in  decreasing;  for 
which  reason  it  may  be  considered  as  invisible 
during  six  months.  3.  It  does  not  always  attain 
the  same  degree  of  luster,  being  sometimes  of  the 
5th,  and  sometimes  of  the  seventh  magnitude. 
*  The  right  ascension  of  this  star  is  I9h.  42'  21"; 
and  its  north  declination,  32°  22'  58".  It  is  situ- 
ated in  the  neck,  and  nearly  equidistant  from 
Beta  and  Gamma,  and  south  by  west  from  Deneb, 
at  the  distance  of  about  twelve  degrees,  and  is 
marked  Chi. 

The  star  Eta  Antinoi  is  another  star  of  this 
description,  whose  variation  and  period  were  dis- 
covered by  Mr.  Pigot  in  1785.  From  his  cor- 
rected observations,  he  concludes  that  it  continues 
at  its  greatest  brightness  forty  hours  without 
decreasing;  it  is  sixty-six  hours  after  it  begins  to 
decrease  before  it  comes  to  its  full  diminution; 
after  which  it  contiimes  stationary  for  thirty 
hours  more ;  and  then  increases  for  thirty-six 
hours.  In  every  period  it  set-ms  to  acquire  its  full 
brightness,  and  to  be  equally  decreased.  Its  period 
therefore  is  seven  days,  four  iiours;  and  its  greatest 
and  least  variation  is  from  liie  third  to  the  fifth 
magnitude.  Its  right  ascension  is  I9h.  41'  34"; 
end  its  north  declination  0°  28'  14".     It  is  about 


eight  dcgreees  south  from  Altair,  the  principal 
star  in  the  constellation  Aquila. 

The  above  descriptions  may  suffice  as  speci« 
mens  of  the  phenomena  of  variable  stars.  There 
are  about  seven  or  eight  other  stars  which  have 
been  observed  to  be  certainly  variable,  among 
which  are  the  following: — A  star  in  tlie  Northern 
Grown,  whose  right  ascension  is  15h.  40'  11"; 
north  declination,  28°  49' 30";  and  period,  lOi<j 
months.  A  star  in  Hercules,  whose  right  ascen- 
sion is  I7h.  4'  54";  north  declination,  14°  3b';  and 
period  of  variation  603^^  days.  A  star  in  ISobieski'a 
Shield,  whose  right  ascension  is  18h.  .'iG'  38"; 
south  declination,  5°  56';  and  period  G2  days. 
The  star  Beia  Lyra; — right  ascension,  18h.  42'  li"; 
north  declination,  33°  7'  46";  greatest  and  least 
variation,  3,  4,  5;  suppo.sed  period,  6  days,  9 
hours.  The  star  Delta  Cephei,  whose  period  is  5 
days,  8^0  hours;  right  ascension,  22ii.  21';  aud 
north  declination,  57°  50'.     With  several  others. 

Beside  these,  whose  variations  and  periods  have 
been  determined,  there  are  about  thirty-seven 
other  stars,  which  are,  with  good  reason,  suspected 
to  be  variable,  but  whose  periods  of  cliange  have 
not  yet  been  ascertained,  on  account  of  the  want 
of  a  sufficient  number  of  observers,  who  might 
devote  their  attention  more  particularly  to  this 
department  of  astronomical  observation.  For  ex- 
ample, the  star  Pollux,  or  Beta  Gemini,  is  sus- 
pected to  change  from  the  first  to  the  third  mag- 
nitude. 

When  contemplating  such  change.*  among 
bodies  so  immensely  distant,  and  of  so  "s  ast  mag- 
nitude, we  are  naturally  led  to  inquire  into  the 
causes  which  produce  these  phenomena.  Our 
ignorance,  however,  of  the  precise  nature  and 
coiisiitution  of  those  remote  bodies,  and  of  tho 
scenes  and  circumstances  in  which  they  may  be 
placed,  prevent  us  from  forming  any  definite  oi 
satisfactory  conclusions.  The  following  are  some 
of  the  opinions  which  have  been  thrown  out  on 
this  subject.  It  has  been  supposed  that  poitions 
of  the  surfaces  of  these  stars  are  covered  with 
large  black  spots,  which,  during  the  diurnal  rota* 
tion  of  the  star,  present  themselves  under  various 
angles,  and  thus  produce  a  gradual  variation  in 
its  brilliancy.  Sir  W.  Herschel  says  "Such  a 
motion  may  be  as  evidently  proved  as  the  diurnal 
motion  of  the  earth.  Dark  spots,  or  large  portions 
of  the  surface  less  luminous  than  the  rest,  turned 
alternately  in  certain  directions,  either  toward  or 
from  us,  will  account  for  all  the  phenomena  of 
periodical  changes  in  the  luster  of  the  stars  so 
satislactorily,  that  we  certainly  need  not  look  for 
any  other  cause."  Sir  Isaac  Newton  thought 
that  the  sudden  blaze  of  some  stars  may  have 
been  occasioned  by  the  "  falling  of  a  comet  into 
them,  by  which  means  they  would  be  enabled  to 
cast  a  prodigious  light  for  a  little  time,  after  which 
they  would  gradually  return  to  their  former 
state."  But  we  know  too  little  about  the  nature 
of  comets  to  be  able  to  determine  what  elFrict  they 
would  produce  in  such  a  case,  nor  are  we  certain 
that  such  bodies  are  connected  with  other  sys- 
tems.  If  the  fixed  stars  be  nearly  of  the  same 
nature  as  the  sun,  it  is  highly  improbable  that  any 
such  effect  would  be  produced  even  altliough  a 
comet  were  to  fall  into  its  luminous  atmosphere, 
as  that  atmosphere  appears  to  liave  nothing  in  it 
that  would  take  fire  by  the  approach  of  any  extra- 
neous body,  or  that  would  "blaze"  like  combus- 
tible substances  on  flie  earth.  TJio  blaze,  if  such 
an  effect  were  to  take  place,  would  scarcely  be 
distinguishable  from  our  globe,  and  much  leaa 
from  a  distant  system.  Maupertius,  in  a  "Disser- 
tation ftu  the  Figures  of  the  Celestial  Bodies,"  ia 
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of  opinion  that  some  stars,  by  their  prodigious 
quick  rotation  on  their  axes,  may  not  only  assume 
the  figuies  of  oblate  spheroids,  but  that,  by  the 
great  ceiitrifugal  force  arising  from  such  rota- 
tions, they  may  become  of  the  figures  of  mill- 
rtoues,  or  be  reduced  to  flat  circular  planes,  so 
thin  as  to  be  quite  invisible  when  their  edges  art' 
turned  toward  us,  as  Saturn's  ring  is  in  such 
positions.  And  when  any  eccentric  planets  or 
comets  go  round  any  fixed  star,  in  orbits  much 
lncline<i  to  its  equator,  the  attraction  of  the  planets 
or  comets  in  their  perihelions  must  alter  the  incli- 
nation of  the  axis  of  that  star;  on  which  account 
it  will  appem  more  or  less  large  and  luminous,  as 
its  broadside  is  turned  more  or  less  toward  us. 
This  opinion,  .it  best,  I  consider  as  having  a  very 
small  degree  of  probability,  and  almost  quite  un- 
tenable. Mr.  Dunn,  in  a  paper  in  vol.  52  of  the 
"Philosopliical  Transactions,"  supposes  that  the 
tnterposition  of  some  gross  atmosphere  may  solve 
the  phenomena  under  consideration.  "  The  ap- 
pearance of  new  stars,"  says  he,  "  and  the  disap- 
Searance  of  others,  possibly  may  be  occasioned 
y  the  interposition  of  such  an  ethereal  medium 
within  their  respective  orbs  as  either  admits  light 
to  pass  freely  or  wholly  absorbs  it  at  certain  times, 
while  light  is  constantly  pursuing  its  journey 
through  the  vast  regions  of  space." 

Whatever  opinions  we  may  adopt  on  this  sub- 
ject, it  is  evident  that  the  regular  succession  of  the 
tariations  of  periodical  stars  preclude  the  idea  of 
their  being  destroyed.  It  is  likewise  evident  that 
motion  of  some  kind  or  other,  either  in  the  stars 
tliemselves  or  in  some  bodies  either  directly  or 
remotely  connected  with  them,  must  be  one  of  the 
causes  of  the  phenomena  in  question;  and  it  is 
not  improbable  that  diiferent  causes  in  different 
instances  may  operate  in  producing  the  effects. 
It  does  not  appear  to  me  probable  that  the  cause 
which  produces  the  variation  in  the  case  of  Delta 
Cephei,  whose  period  is  only  5  days,  8}^  hours,  is 
tlie  same  which  produces  all  the  variety  of  change 
which  happens  in  the  star  Gamma  in  the  Swan's 
breast,  whose  periodical  changes  are  completsd 
only  in  eighteen  years.  It  is  not  unlikely  that  a 
rotation  round  an  axis,  which  has  the  effect  of 
presenting  different  sides  of  the  star  of  more  or 
less  degrees  of  obscurity  or  brightness  to  the  eye 
of  a  spi-ctator,  will  account  for  the  phenomena  of 
such  stars  as  Eta  Antinoi  and  Delta  Cephei;  but 
it  does  not  appear  probable  that  a  motion  of  rota- 
tion is  so  slow  in  any  of  these  bodies  as  to  occupy 
a  period  of  eighteen  years,  as  in  the  case  of  the 
Btar  in  the  breast  of  the  Swan. 

I  am  disposed  to  consider  it  as  highly  pro- 
bable that  the  interposition  of  the  opaque  bodies 
of  large  planets  revolving  around  such  stars,  may, 
in  some  cases,  account  for  the  phenomena.  It 
is  true  that  the  planets  connected  with  the  solar 
system  are  so  small  in  comparison  of  the  sun  that 
tlieir  interposition  between  that  orb  and  a  specta- 
tor at  an  immense  distance  would  produce  no 
eensible  effect.  But  we  have  no  reason  to  con- 
clude that  in  all  other  systems  the  planets  are 
formed  in  the  same  proportion  to  their  central 
orbs  as  ours;  but,  from  the  variety  we  perceive 
in  every  part  of  nature  both  in  heaven  and  earth, 
we  have  reason  to  conclude  that  every  system  of 
tlie  universe  is  in  some  respect  different  from  an- 
other. There  is  no  improbability  in  admitting 
tliat  the  planets  which  revolve  round  some  of  the 
stars,  may  be  so  large  as  to  bear  a  considerable 
proportion  (perhaps  one-half  or  ene-third)  to  the 
diameters  of  the  orbs  around  which  they  revolve; 
hi  which  case,  if  the  plane  of  their  orbit  lie  nearly 
In  tlie  line  of  our  vision,  they  would  in  certain 


parts  of  their  revolutions  Interpose  between  our 
eye  and  the  stars,  so  as  to  hide  for  a  time  a  por- 
tion of  their  surfaces  from  our  view,  while  in  that 
part  of  their  orbits  which  is  next  the  earth.  Such 
a  supposition  is  by  no  means  inconsistpnt  with 
the  operation  of  the  law  of  universal  gravitation; 
for  although  such  planets  bore  a  considerable 
portion  of  the  size  of  their  central  luminuies,  yet 
we  have  only  to  suppose  that  their  dcnsiltj  is  very 
small.  They  may  be  globes  whose  central  parts 
are  devoid  of  solid  matter,  consisting  only  of  a 
solid  external  shell  for  the  support  of  inhaliitants, 
as  is  probably  the  case  with  the  planet  Saturn, 
whose  density  is  only  equal  to  that  of  cork. 

A  planet  about  the  size  we  have  now  supposed 
revolving  around  a  star  would,  in  a  great  measure, 
account  for  the  phenomena  presented  by  Algol. 
This  star  accomplishes  the  period  of  its  variations 
in  2  days  and  nearly  21  hours.  During  Sj^  or  4 
hours  it  gradually  diminishes  in  luster,  and  during 
the  succeeding  l^our  hours  it  gradually  recovers 
its  first  magnitude.  Throughout  the  remaining 
part  of  the  period — namely,  2  days,  12  hours,  42 
minutes, — it  invariably  preserves  its  greatest  lus- 
ter; so  that  the  time  of  its  being  diminished  in 
luster  is  only  about  the  ninth  part  of  its  wholo 
period  of  variation.  Now  supposing  a  planet 
about  half  the  diameter  of  the  star-  revolving 
around  Algol,  it  would  intercept  a  large  portion 
of  its  surface  when  it  passed  between  our  eye  and 
the  star,  as  at  a,  b  (fig.  11),  where  the  white  cir- 
cular ring  represents  the  surface  of  the  star  partly 
covered  by  the  planet.     Its  luster  would  begin  to 

Fig.  11. 


diminish  when  the  planet  entered  on  its  edge  at 
(/,  and  it  would  again  resume  its  full  brightness 
when  going  off  at  c,  the  dark  side  of  the  planet 
being  of  course  turned  to  our  eye;  and  diiring 
the  remaining  part  of  its  revolution  it  would 
appear  in  its  brightest  luster.  The  regularity  of 
the  changes  of  this  star  admits  of  the  supposition 
now  made,  and  evidently  reqiiires  a  regular  mo- 
tion of  some  kind  or  other,  either  in  the  star  itself 
or  in  some  body  connected  with  it,  in  order  to 
produce  the  phenomena.  Perhaps,  in  the  case 
of  some  of  the  variable  stars,  we  might  suppose 
several  large  planets  in  succession  to  pass  between 
our  eye  and  the  star  to  account  for  the  appear- 
ance they  present — a  supposition  which  perfectly 
agrees  with  the  idea  of  a  system  of  revolving 
bodies. 

As  it  is  not  probable  that  the  changes  of  all 
such  stars  arise  from  the  same  cause,  what  should 
hinder  us  from  supposing  that  there  are  stars  or 
suns  that  revolve  around  planets  of  a  size  immensely 
greater, — the  planets,  for  example,  bearing  a  simi- 
lar proportion  to  the  stars  as  the  sun  bears  to 
Jupiter?  Considering  the  immense  variety  of 
celestial  mechanism  throughout  the  universe,  there 
can  be  no  great  improbability  in  such  a  supposi- 
tion.   The  case  of  double  stars  demonstrates  tiiat 
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one  sun  actually  revolves  round  another;  and  why 
may  not  a  sun  revolve  around  a  central  planet, 
whose  surface  may  contain  forty  times  the  area 
of  all  the  planets  of  our  system,  in  order  to  dis- 
tribute light  and  lieat,  and  other  beneficial  influ- 
ences, to  its  numerous  population?  No  violation 
of  the  law  of  universal  gravitation  is  implied  in 
such  a  supposition;  and  the  Almighty  is  not  con- 
fined to  one  mode  of  arranging  systems  and 
worlds.  Supposing,  then,  such  an  arrangement 
to  exist,  it  might  account  for  the  phenomena  of 
some  of  the  variable  stars,  particularly  those 
which  remain  invisible  for  a  certain  period.  Such 
are  some  of  those  formerly  noticed,  as  the  star  in 
Hydra,  and  that  in  the  breast  of  the  Swan,  and 
particularly  a  star  in  the  Northern  Crown,  whose 
right  ascen.  is  15°  40',  north  declin.  25°  49i^', 
and  period  iQi^"  months,  and  which  decreases  from 
the  sixth  to  tlie  ninth  and  tenth  magnitude.  It 
attained  its  full  brightness  about  the  11th  of  Au- 
gust, 1795,  and  continued  so  for  three  weeks;  in 
33^  weeks  it  decreased  to  the  tenth  magnitude, 
and  a  fetv  days  afterward  disappeared.  After 
being  a  considerable  time  invisible,  in  April,  1796, 
it  again  appeared;  on  the  7th  of  May,  it  reached 
the  ninth  magnitude,  and  then  gradually  attained 
its  full  brightness.  If,  then,  such  a  star  was  re- 
volving round  a  very  large  central  planet,  it  is 
easy  to  conceive  that  in  the  more  distant  part  of 
its  course  it  might  be  hid  from  our  view,  either  in 
whole  or  in  part,  by  the  interposition  of  the 
opaque  central  body,  as  is  obvious  from  an  inspec- 
tion of  figure  12.  And  as  the  star  now  alluded 
to  never  exceeds  in  luster  a  star  of  the  sixth 
magnitude,  it  is  not  improbable  that  it  is  one  of 
tlie  inferior  order  of  those  luminous  orbs  which 
may  revolve  round  an  opaque  body  of  superior 
magnitude. 

Fig.  12. 


Such,  then,  are  some  of  the  conceivable  causes 
which  may  produce  the  phenomena  of  variable 
stars,  although  other  causes  may  in  some  cases 
exist  of  which  we  have  no  conception.  These 
phenomena  evidently  indicate  that  motions  and 
revolutions  of  various  kinds  are  going  forward 
throughout  the  stellar  regions;  that  the  Almighty 
is  superintending  the  movements  of  those  pro- 
vinces of  his  empire,  and  that  all  his  agencies 
have  a  respect  to  the  order  and  the  happiness  of 
intelligent  existence.  V 

Beside  the  periodical  variations  to  which  we 
have  now  adverted,  there  are  several  other  striking 
changes  which  have  been  observed  in  the  starry 
regions  which  deserve  our  attention,  and  which  I 
shall  briefly  notice. 

1.  Several  stars  which  were  formerly  distinctly 
visible,  and  are  marked  in  different  catalogues, 
are  now  wholly  lost.  The  following  are  a  few 
instances.     M.  Montanere,  professor  of  mathemat- 


ics at  Bononia,  in  a  letter  to  the  Royal  Society,  of 
date  April  1670,  gives  the  following  statement: — 
"There are  now  wanting  in  the  heavens  :wo  stars 
of  the  second  magnitude,  in  the  stern  and  yard 
of  the  ship  Argo.  I  and  others  observed  liiem  in 
the  year  1GG4,  upon  occasion  of  the  comet  that 
appeared  that  year.  When  they  disappeared  first 
I  know  not:  only  I  am  sure  that,  in  the  year  1668, 
upon  the  10th  of  April,  there  was  not  the  least 
glimpse  of  them  to  be  seen,  and  yet  the  otjier  stars 
about  them,  of  the  third  and  fourth  magnitudes, 
remained  the  same.  I  have  observed  many  more 
changes  among  the  fixed  stars,  even  to  the  num- 
ber of  a  hundred,  though  none  of  them  are  so 
great  as  those  I  have  showed."  In  1 G70,  Anthelm 
discovered  a  star  of  the  third  magnitude  in  the 
head  of  the  Swan,  which  after  becoming  completely 
invisible,  reappeared,  and  after  undergoing  one  or 
two  singular  fluctuations  of  light  during  two  years, 
at  last  died  away  entirely,  and  has  not  since  been 
seen.  Sir  William  Herschel  gives  a  list  of  thirteen 
stars,  most  of  which  are  supposed  to  be  lost.  Of 
these  are  the  following: — Nos.  80  and  81  of  Her- 
cules, both  of  the  fourth  magnitude;  the  19th  of 
Perseus,  of  the  sixth  magnitude;  and  the  108  Pis- 
ces, are  judged  to  be  wholly  lost.  The  stars  .'3, 
74  Cancer,  in  the  southern  claw  of  the  Crab,  of 
the  sixth  magnitude,  are  either  lost  or  have  suffer- 
ed such  great  changes  that  tliey  can  no  longer 
be  found.  On  this  subject  Sir  John  Herschel 
states — "  The  star  42  Virginis  is  inserted  in  tho 
catalogue  of  the  Astronomical  Society  from  Zach's 
Zodiacal  Catalogue.  I  missed  it  on  the  9th  of 
May,  1828,  and  have  since  repeatedly  had  its 
place  in  the  field  of  view  of  my  twenty  feet  re- 
flector without  perceiving  it,  unless  it  be  one  of 
two  equal  stars  of  the  9th  magnitude  very  nearly 
in  the  place  it  must  have  occupied." 

2.  Some  stars  have  changed  their  maguitudea 
since  the  beginning  of  last  century.  A  consider- 
able number  of  stars  marked  by  Flamstead,  in  his 
Historia  Celestis,  are  now  found  to  be  of  different 
magnitudes  since  the  period  in  which  ho  observed 
the  heavens  and  formed  his  catalogue.  For  ex- 
ample; tiie  1st  and  2d  of  Hydra  are  now  only  of 
the  eighth  or  ninth  magnitude  instead  of  tho 
fourth,  as  they  are  marked  by  Flamstead.  The 
31st  and  34th  of  Draco  have  changed  greatly;  the 
31st  has  increased  from  the  seventh  to  the  fourth, 
and  the  34th  has  diminislied  from  the  fourth  to 
the  sixth  or  seventh  magnitude.  The  08th  Per- 
seus, instead  of  the  sixth,  has  now  increased  to 
the  fourth  magnitude.  About  thirty  stars  of  this 
description  are  reckoned  by  Sir  W.  Herschel  to 
have  changed  their  magnitudes. 

3.  There  are  stars  unknown  to  the  observers  of 
former  times  which  have  recently  become  visible. 
The  following,  among  others  of  this  description, 
have  been  marked  by  Sir  W.  Herschel: — 1.  A  sta  • 
in  the  end  of  the  Lizard's  tail,  of  the  fourth  o 
fifth  magnitude,  which  is  not  recorded  by  Flam 
stead,  although  he  notices  onein  thatconstellatioi 
less  conspicuous.  2.  A  star  near  the  head  of  C& 
pheus.  3.  A  considerable  star  in  a  direction  froiE 
the  68th  to  the  61st  of  Gemini.  4.  A  star  of  con- 
siderable brightness  preceding  the  1st  of  the  Little 
Horse.  5.  A  remarkable  star  between  /3  and  « 
Hydraae.  6.  A  star  near  J~  Hercules,  of  th'.'  fourth 
or  fifth  magnitude,  with  several  others.  Sin-kr 
observations  appear  to  have  been  made  about  th« 
end  of  the  seventeenth  and  the  beginning  of  th* 
eighteenth  centuries,  by  Cassini  and  others.  Cas« 
sini  discovered  a  new  star  of  the  fourth,  and  two 
of  the  fifth  magnitude  in  Cassiopeia;  two  ir  the 
constellation  Eridanus,  one  of  the  fourth  tlie 
other  of  the  fifth  magnitude;  and  four  of  the  fiftb 
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♦Hd  sixth  magnitude  near  tiie  north   pole,  which 
Bad  not  been  perceived  at  a  former  period. 

Sucli  changes  in  bodies  so  far  removed  from  our 
system,  and  of  magnitudes  so  enormous  as  the 
•east  of  them  must  be,  naturally  lead  to  the  coc:- 
elusion  that  revolutions  of  vast  extent,  and  op'jra 
iions  conducted  on  a  most  magnificent  sca'e,  are 
Incegsantly  going  forward  in  those  remote  and  un- 
•xplorable  regions.  In  the  case  of  stars  ^'/hioh  have 
totally  disappeared,  we  are  led  to  eoicluae,  either 
ihat  some  vast  and  important  chpiige  has  taken 
place  in  tlie  constitutian  of  c.tviKxn.  v/orlds  or  sys- 
tems, 01  that  the  central  luminarir-s  of  such  sys- 
tems, with  all  their  surrounding  planets,  have 
been  transported  by  some  unknown  and  almighty 
agency  into  more  distant  regions  of  space,  where 
they  may  remain  forever  hid  from  our  view.  As 
to  those  stars  which  have  changed  their  magni- 
tudes within  the  last  century,  they  may  either  be 
approaching  to  or  receding  from  the  system  to 
which  we  belong,  or  their  native  brightness  may 
be  either  increasing  or  diminishing  from  causes 
with  which  we  are  unacquainted;  or  some  ethe- 
real mediums  of  a  peculiar  nature  may  be  inter- 
posed between  our  sight  and  those  distant  orbs. 
With  respect  to  stars  unknown  to  former  observ- 
ers which  have  recently  become  visible,  it  is  not 
unreasonable  to  suppose  that  these  are  new  systems 
recently  launched  from  the  creating  hand  of  the 
Omnipotent,  to  diversify  his  creation  and  augment 
the  glories  of  his  empire,  as  well  as  to  distribute 
happiness  among  new  orders  of  sensitive  and  in- 
telligent existence.  We  ought  not  to  imagine 
that  the  work  of  creation,  considered  as  a  whole, 
is  yet  finished,  or  ever  will  be  finished  during  an 
indefinite  lapse  of  ages.  When  it  is  stated  by  the 
inspired  writer  of  the  book  of  Genesis  that  "  God 
rested  from  all  his  work,"  we  are  to  understand 
the  expression  only  in  reference  to  the  formation 
or  arrangement  of  the  world  in  which  we  reside 
into  the  form  and  order  in  which  we  now  behold 
it;  for  to  this  arrangement  chiefly,  if  not  solely, 
the  descriptions  of  the  sacred  historian  in  the  first 
chapter  of  Genesis  refer.  It  is  in  perfect  accor- 
dance with  the  idea  of  a  Being  possessed  of  om- 
nipotent power,  boundless  goodness,  and  endless 
duration,  that  his  creating  energies  should  never 
cease  in  their  operation  throughout  all  the'periods 
of  an  interminable  existence;  and  the  phenomena 
to  which  we  refer  are  a  strong  presumption,  if 
not  a  demonstrative  evidence,  of  a  continued  se- 
ries of  creations.  These  new  creations  may  be 
bursting  forth  in  the  remote  spaces  of  the  universe, 
in  various  degrees  of  splendor  and  magnificence, 
to  an  extent  of  which  we  have  no  conception; 
and  from  the  character  and  perfections  of  the  Di- 
vinity, we  have  reason  to  believe  that  such  pro- 
cesses will  be  incessantly  going  forward  throughout 
all  the  ages  of  eternity. 

Whatever  opinions  we  may  be  disposed  to  form 
as  to  the  phenomena  to  which  we  have  adverted, 
they  tend  to  convey  to  the  reflecting  mind  mag- 
nificent views  of  the  physical  energies  of  the 
Almighty,  in  arranging  the  different  departments 
of  his  boundless  dominions,  and  accomplishing 
tJ}e  purposes  and  plans  of  his  moral  government, 


and  thf  /  naturally  excite  ill  the  mind  a  desire  of 
futare  existence,  and  an  ardent  wish  to  behold 
the  Yail  which  now  intercepts  our  views  of  these 
glorious  orbs  withdrawn,  and  to  contemplate  the 
acene  of  divine  operation  in  all  its  splendor  and 
magnificence. 

At  first  view,  it  may  appear  a  circumstance 
of  comparative  insignificance  to  behold  a  small 
star,  scarcely  distinguishable  to  the  eye,  waxing 
brighter,  or  growing  dimmer,  or  vanishing  alto- 
gether from  the  view;  or  a  star  ajipearing  in  a 
point  of  the  heavens  which  was  unoccupied  be- 
fore. The  distant  blaze  of  a  field  of  furze,  the 
falling  of  a  tower,  or  the  conflagration  of  a  cot- 
tage, may  to  some  appear  events  of  far  greater 
interest  and  importance;  but  such  events  in  the 
heavens  as  those  to  which  we  refer  may  be  con- 
nected with  scenes  as  astonishing — though  per- 
haps not  so  tremendous — as  if  tlie  sun  were  shorn 
of  his  rays  and  turned  into  darkness,  and  this 
earth  and  all  the  planetary  globes  shattered  to 
their  centers  and  wrapped  in  flame;  or,  as  if  a 
new  sun  of  superior  magnitude  were  to  appear  in 
our  system,  and  to  illuminate  our  globes  with  a 
new  species  of  light  and  colors.  Objects  at  a 
great  distance  from  the  observer  make  little  im- 
pression on  the  organs  of  vision,  and  seldom 
alFect  the  mind.  A  fleet  of  the  largest  ships  of  war 
viewed  from  the  top  of  a  tower  at  fifty  miles  dis- 
tance appears  only  like  a  few  almost  undistinguish- 
able  specks  on  the  verge  of  the  horizon,  while  the 
fate  of  individuals,  families,  communities,  and 
even  empires,  may  depend  upon  the  encounter  in 
which  thev  may  be  engaged.  The  conflagration 
of  a  city  of  ten  hundred  thousands  of  inhabitants 
may  appear  at  a  distance  as  only  a  faint  glimpse 
of  light  in  one  point  of  the  horizon,  while  palaces, 
and  temples,  and  thousands  of  splendid  fabrics  are 
turned  into  smoking  ruins,  and  multitudes  are 
thrown  into  the  utmost  consternation,  and  perish- 
ing in  the  flames.  The  burning  of  the  city  of 
Moscow,  as  beheld  from  the  moon  when  the  dark 
side  of  the  earth  was  presented  to  that  orb,  would 
appear  only  like  a  dim  lucid  speck,  scarcely  dis- 
tinguishable from  the  other  parts  of  the  earth's 
surface.  And  if  this  be  the  case  in  respect  to 
objects  within  such  limited  distances,  what  aston- 
ishing scenes  may  be  the  result  of  what  we  per- 
ceive in  bodies  many  thousands  of  millions  of 
miles  distant,  when  we  behold  them  disappearing 
to  our  view,  or  even  when  we  perceive  their  light 
only  increasing  or  diminishing  ?  Here  imagi- 
nation is  left  to  fill  up  the  picture  which  the 
organs  of  vision  so  dimly  perceive.  We  are  to 
consider  that  the  orbs  to  which  we  allude  are  lu- 
minous globes  of  immense  size, — that  they  are 
doubtless  encircled  with  a  retinue  of  worlds 
replenished  witii  inhabitants, — that  what  to  us 
appears  a  slight  change  of  aspect  may  to  them  be 
the  commencement  of  an  era  of  new  glory  and 
splendor, — that  tlie  Almighty  rules  over  those  dis- 
tant regions  as  well  as  "among  the  inhabitants  of 
the  earth," — and  that  all  the  changes  which  hap- 
pen among  them  are  in  unison  with  his  eternal 
designs,  and  subsreve  the  ends  of  his  universal 
government. 


CHAPTER  VIII. 


ON  DOUBLE  STARS  AND  BINARY  SYSTEMS. 


In  whatever  part  of  creation  we  survey  the 
operations  of  the  Alrniglity,  we  uniformly  find 
the  characteristic  of  variety  impressed  upon  all 
his  works.  This  is  evident  in  ail  the  kingdoms 
of  nature  connected  with  our  globe,  where  the 
multitude  and  diversity  of  animals,  vegetables,  and 
minerals,  cannot  but  strike  the  eye  even  of  the 
most  superticial  observer.  Though  the  same 
general  laws  appear  to  pervade  the  material  uni- 
verse, so  far  as  our  observation  extends,  yet  these 
laws  are  so  comprehensive  and  so  endlessly  modi- 
fied as  to  produce  an  immense  variety  of  minute 
and  wonderful  effects.  It  is  more  difficult  to  trace 
the  operation  of  these  laws  in  the  remote  spaces 
of  the  universe  than  in  our  terrestrial  sphere.  But 
even  in  regions  of  creation  immeasurably  distant 
we  can  perceive  the  agency  of  the  same  powers 
which  are  at  work  in  conducting  the  movements 
of  our  planetary  system;  and  not  only  so,  but  we 
can  trace  these  powers,  while  operating  with  their 
native  energy,  wonderfully  modified,  and  produ- 
cing eifects  altogether  different  from  those  which 
we  experience  in  the  system  of  which  we  form  a 
part,  evidently  indicating  that  a  variety,  analogous 
to  that  which  we  behold  in  the  scene  around  us, 
marks  the  operations  of  the  Creator  throughout 
the  immensity  of  his  works.  This  will  more 
clearly  appear  in  the  descriptions  we  shall  now 
give  of  the  phenomena  of  double  and  multiple 
stars. 

The  phenomena  of  double  stars  do  not  seem  to 
have  been  much  attended  to  until  Sir  W.  Herschel 
commenced  his  extensive  observations  on  the 
Bidereal  heavens.  About  a  century  ago,  the  astro- 
nomers of  that  period  seem  to  have  been  aware 
that  "  several  stars  which  appear  single  to  the 
bare  eye  are  by  the  telescope  discovered  to  be 
double."  The  principal  stars  of  this  description 
which  they  mention  are, — the  head  of  Castor,  the 
first  in  the  head  of  the  Ram,  the  star  Gamma  in 
the  breast  of  Virgo,  and  the  middle  one  in  the 
sword  of  Orion.  Conceiving  the  fixed  stars  as 
bodies  precisely  of  the  same  nature,  and  that  no 
specific  or  diversified  arrangements  prevailed 
among  them,  they  do  not  appear  to  have  entered 
upon  any  minute  surveys,  by  the  telescope,  of 
particular  stars;  and  their  idea  respecting  the 
double  stars  they  had  detected  was  merely  this, — 
that  a  small  star,  at  a  very  remote  distance  from 
another,  might  happen  accidentally  to  lie  nearly 
in  the  same  line  of  vision  as  the  larger  one;  and, 
on  this  ground,  Dr.  Long,  in  his  "Astronomy," 
shows  how  the  annual  parallax  would  be  discov- 
ered by  a  star  appearing  single  at  one  time  of  the 
year,  and  double  at  another.  It  appears  to  have 
been  chiefly  with  an  object  of  this  kind  in  view 
that  Sir  William  Herschel  commenced  his  nume- 
rous observations  in  this  department  of  sidereal 
investigation.  But,  as  we  are  informed  by  his; 
son,  who  has  distinguished  himself  in  an  eminent 
manner  by  similar  observations,  he  had  hardly 
entered  on  the  measurements  of  the  angles  of 
position,  and  the  distances  of  double  stars,  before 
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he  was  diverted  from  the  original  object  of  hid 
inquiry  by  phenomena  of  a  very  unexpected  cha- 
racter, which  at  once  engrossed  his  whole  atten- 
tion. The  circumstances  alluded  to  shall  be 
particularly  described  in  the  sequel,  after  I  have 
given  a  brief  sketch  of  the  phenomena  of  double 
stars. 

When  a  telescope  of  considerable  power  is  di- 
rected to  certain  stars  which  appear  single  to  the 
naked  eye,  another  star,  generally  much  smallef 
than  that  which  appears  to  the  unassisted  eye,  is 
seeh  quite  adjacent  to  it,  and  in  some  cases  the 
interval  between  the  two  stars  is  so  small  that  it 
requires  a  very  high  degree  of  light  and  magnify- 
ing power  to  be  able  to  perceive  that  they  are  two 
distinct  bodies.  Only  a  few,  perhaps  not  exceed- 
ing six  or  eight,  of  these  stars  were  known  to  the 
astronomers  of  the  age  preceding  that  of  Her- 
schel; but  this  illustrious  astronomer,  with  un- 
wearied perseverance,  detected  no  less  than  500 
double  stars,  and  presented  to  the  Royal  Society  a 
list  iu  which  their  situation  and  relative  positions 
are  distinctly  marked.  These  observations  of  the 
elder  Herschel  were  followed  up  by  other  obser- 
vers, particularly  by  Sir  J.  Herschel  and  Sir 
James  South,  who,  in  the  year  1624,  soon  after 
Sir  W.  Herschel  had  ceased  from  his  labors,  pro- 
duced a  catalogue  of  3S0  double  stars,  whose 
distances  and  angles  of  position  they  had  deter- 
mined with  the  utmost  accuracy  and  precision. — 
Sir  J.  South  afterward  produced  a  distinct  cata- 
logue of  4bO,  and  Sir  J.  Herschel  a  list  of  upward 
of  3300  of  double  and  triple  stars,  from  his  own 
solitary  observations,  accompanied  with  all  the  mi- 
crometrical  measurements.  Strtive,  the  celebrated 
astronomer  of  Dorpat,  has  arranged  a  catalogue 
of  no  less  than  3000  double  stars;  and  before  he 
determined  the  characteristics  of  each  of  these,  he 
examined  about  120,000  stars — a  laborious  pro- 
cess, which  none  but  an  astronomical  observer 
can  duly  appreciate.  Mr.  Dunlop  has  formed  a 
catalogue  of  250  double  stars  in  the  southern 
hemisphere;  and  Sir  J.  Herschel,  (iuring  his  late 
residence  at  the  Cape  of  Good  Hope,  has  added 
considerably  to  their  number;  so  that  we  may 
now  reckon  about  6000  of  these  interesting  objects 
as  having  already  been  discovered,  even  making 
allowance  that  many  of  these  objects  are  com- 
mon to  the  lists  of  the  observers  now  specified. 

It  is  not  at  all  improbable  that  the  phenomena 
of  some  of  the  double  stars  now  alluded  to  may 

Fig.  13. 


arise  from    accidental  proximity,   the    one    star, 
though  far  remote  and  unconnected  with  the  otherj 
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tying  nearly  in  the  same  visual  line.  Thus,  the 
star  a,  fig.  13,  might  appear  nearly  in  contact  with 
tlie  star  b,  placed  at  an  immense  distance  beyond 
it,  when  viewed  nearly  in  the  same  straight  line 
by  the  eye  at  c,  so  as  to  produce  the  phenomena 
of  a  double  star  at  d  b.  But,  reasoning  a  priori, 
it  appears  in  the  highest  degree  improbable  that 
Bucli  coincidences  should  happen  in  the  case  of 
all,  or  even  of  the  greater  part  of  the  double  stars 
which  have  now  been  discovered ;  and  there- 
fore Mr.  Mitchell,  so  early  as  the  year  1783,  in  a 
paper  inserted  in  the  "Philosophical  Transactions" 
for  that  year,  states  it  as  his  opinion  that  they  are 
binary  systems  intimately  connected.  "The  very 
great  number  of  stars,"  says  he,  "that  have  been 
discovered  to  be  double,  treble,  &c.,  particularly 
by  Mr.  Herschel,  if  we  apply  the  doctrine  of 
chances,  as  I  have  done  in  my  'Inquiry  into  the 
probable  Parallax  of  the  Fixed  Stars,'  published 
in  the  Philosophical  Transactions  forl7G7,  cannot 
leave  a  doubt  with  any  one  properly  acquainted 
with  the  force  of  those  arguments,  that  by  far  the 
greatest  part,  if  not  all  of  them,  are  systems  of 
stars  so  near  each  other  as  probably  to  be  liable  to 
be  affected  sensibly  by  their  mutual  gravitation; 
and  it  is  therefore  not  unlikely  that  the  periods  of 
the  revolutions  of  some  of  these  about  their  prin- 
cipals may  some  time  or  other  be  discovered." 

The  prediction  here  announced  by  this  inge- 
uious  gentleman  has  now  been  fully  realized  by 
Sir  William  Herschel  and  other  astronomers,  and 
is  no  longer  a  subject  of  conjecture,  but  an  as- 
certained fact.  This  is  the  discovery  to  which  I 
have  alluded  above,  one  of  the  most  important  and 
interesting  discoveries  which  astronomy  has  un- 
folded during  tiie  present  age,  and  which  opens  to 
our  view  a  new  prospect  of  the  plans  and  arrange- 
ments of  Infinite  Wisdom. 

Having  made  these  preliminary  remarks,  I  shall 
now  proceed  to  a  more  particular  detail  of  the 
facts  which  have  been  ascertained  respecting  bina- 
ry systems. 

When  Sir  W.  Herschel  first  directed  his  atten- 
tion to  this  subject,  in  order  if  possible  to  deter- 
mine the  annual  parallax,  he  was  not  a  little  sur- 
prised that,  instead  of  finding,  as  he  expected,  a 
regular  annual  change  of  the  two  stars,  by  one 
alternately  shifting  its  position  with  respect  to  the 
other,  which  a  parallax  would  have  produced,  he 
observed  in  many  instances  "a  regular  progressive 
thange,  in  some  cases  bearing  chiefly  on  their  dis- 
tance, in  others  on  their  position,  and  advancing 
steadily  in  one  direction,  so  as  clearly  to  indicate 
either  a  real  motion  of  the  stars  themselves,  or  a 
general  rectilinear  motion  of  the  sun  and  whole 
solar  system,  producing  a  parallax  of  a  higher 
order  than  would  arise  from  the  earth's  orbital 
motion."  In  an  elaborate  paper  on  this  subject, 
read  before  the  Royal  society,  June  9,  1803,  he 
considers  sppcifically  all  the  motions  and  combina- 
tions of  motion  that  can  possibly  be  supposed, 
in  order  to  account  for  the  phenomena,  particu- 
larly of  the  double  star  Castor,  and  satisfactorily 
demonstrates  that  nothing  but  the  idea  of  the 
smaller  star  revolving  around  the  larger  in  a  cir- 
cular or  elliptical  orbit  will  solve  the  phenomena 
in  question;  and  tjiis  conclusion  has  been  amply 
confirmed  by  all  succeeding  observations.  Such 
Etars,  therefore,  must  be  considered  as  physi- 
callij  connected  by  the  law  of  mutual  gravitation, 
BO  that  they  describe  orbits  around  each  other  and 
oround  their  common  center  of  gravity,  and  bear 
a  relation  to  each  other  similar  to  that  which  the 
planets  bear  to  our  sun. 

From  tJ  ic  paper  of  Sir  W.  Herschel  now  referred 
tu,  I  shall  select,  as  a  specimen  of  the  motions  of 


double  stars,  some  of  his  observations  of  Castor, 
or  a.  Geminoruni.  It  appears  that  Dr.  Bradley  iu 
the  year  1759  had  observed  the  position  of  the  two 
stars  which  form  this  double  star,  and  communi- 
cated it  to  Dr.  Maskelyne,  who  made  a  memoran- 
dum of  it,  of  which  the  following  is  a  copy:— 
"Double  star  Castor.  No  change  of  position  of 
the  two  stars;  the  line  joining  tliem  at  all  times 
of  the  year,  parallel  to  the  line  joining  Castor  and 
Pollux  in  the  heavens,  seen  by  the  naked  eye." — 
The  object  of  Dr.  Bradley  in  observing  the  exact 
position  of  these  stars  was,  to  determine  if  any 
change  happened  in  their  position  at  opposite  pe- 
riods of  the  year,  so  as  to  indicate  an  annual  pa- 
rallax. The  angles  of  position  observed  by  Sir 
W.  Herschel  are  as  follow  : 

Times  of  Angles  of 

the  observations.  Position. 

November  1,  1759 56°  32- 

November  .5,  1779 35    29 

February  23,  1791 23     36 

December  15,  1795 18    32 

March  26,  1800 14      3 

December  31,  1801 12     12 

Februarv  28,  1802 12      1 

xMarch  27, 1803 10     53 

From  these  observations  it  appears  that  from 
the  year  1759,  when  Dr.  Bradley  observed  the  po- 
sitions of  the  two  stars,  to  the  year  1803,  there 
has  been  a  portion  of  an  orbit  described  by  the 
smaller  star  around  the  greater  equal  to  forty-five 
degrees  and  thirty-nine  minutes;  and  from  the 
time  that  Herschel  commenced  his  observations 
in  1779  until  180.!,  an  arch  of  twenty-four  degrees 
and  thirty-six  minutes  had  been  passed  over. — - 
Plence  Sir  W.  Herschel  concludes — "Tlie  time  of 
a  periodical  revolution  may  now  be  calculated 
from  the  arch  45°  39',  which  has  been  described 
in  43  years  and  142  days.  The  regularity  of  the 
motion  gives  us  great  reason  to  conclude  that  the 
orbit  in  which  the  small  stars  moves  about  Castor, 
or  rather  the  orbits  in  which  they  both  move 
round  their  common  center  of  gravity,  are  nearly 
circular  and  at  right  angles  to  l!ie  line  in  which 
we  see  them.  If  this  shoitld  be  nearly  true,  it 
follows  that  the  time  of  a  whole  apparent  remluticn 
of  the  small  star  round  Castor  will  be  about  343 
years  and  two  months."  This  subject  may  be 
illustrated  to  the  general  reader  by  the  following 
diagram : 

Fig.  14. 


Let  the  small  central  circle  C  represent  the 
larger  star  Castor,  and  D  the  smaller  star,  and  let 
the  line  E  F  represent  the  direction  of  the  two 
stars  in  a  line  with  the  star  Pollux,  at  E,  as  ob- 
served by  Dr.  Bradley  in  1759.     In  November, 
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1779,  they  were  found  in  th^  posiiion  C  H,  twen- 
ty-one degrees  from  the  position  they  occupied 
twenty  years  before;  in  February,  1191  f  they 
were  thirty-three  degrees  from  the  same  position, 
&c.;  and  in  March,  1803,  forty-six  and  a  lialf  de- 
grees; giving  evident  indication  of  a  regular  pro- 
gressive motion  in  a  circle.  Since  1803  its  mo- 
tion has  been  regularly  traced  by  Strove,  Sir  J. 
Herschel,  and  Sir  J.  South;  and  in  1616  it  was 
found  about  57°  from  its  first  position,  and  in 
IS.'iO  about  68°,  still  regularly  progressing.  In 
1819,  the  distance  .of  the  small  star  from  Castor 
Was  five  seconds  and  a  half,  and  in  1830  it  was 
little  more  than  four  seconds  and  a  half.  Although 
Sir  W.  Herschel,  as  above  stated,  conjectured  the 
period  of  revolution  to  be  about  342  years,  yet 
later  astronomers,  from  a  comparison  of  all  the 
observations  recently  made,  are  disposed  to  con- 
clude that  its  period  is  little  more  than  250  years. 

Moi-e  than  fifty  instances  of  changes  in  the 
angles  of  position  of  double  stars  were  observed 
by  Sir  W.  Herschel,  beside  those  which  have  been 
more  recently  observed  by  his  son  and  other 
astronomers,  most  of  which  indicate  motions 
which  are  regularly  j3ro^resst»e;  but  a  considera- 
ble number  of  years  must  elapse  before  their  pe- 
riods can  be  determined  with  any  degree  of  accu- 
racy. The  following  double  stars  are  considered 
as  demonstrative  instances  of  circular  progressive 
motion: — y  Virginis,  |  Ursae  Majoris,  70  Ophiu- 
chi,  3-  and  »  Corona;,  ^  Bootis,  »  Cassiopeiae,  y 
Leonis,  ^  Herculis,  cT  Cygni,  /m.  Bootis,  i  4  and  i  5 
Lyrffi,  A.  Ophiuchi,  //  Dracouis,  i  Bootis,  and  <J 
Aquarii.  The  periodic  times  of  some  of  these 
have  been  determined  to  a  near  approximation. 
One  of  the  stars  of  Gamma  Virginis  is  reckoned 
to  revolve  about  the  other  in  the  space  of  629 
years;  the  small  star  of  Gamma  Leonis,  in  1200 
years;  the  star  connected  with  Epsilon  Bootis,  in 
1600  years;  that  of  61  Cygni,  in  452  years;  that 
of  Siyma  Coronae,  in  287  years;  that  of  70  Ophi- 
uchi, as  ascertained  by  Professor  Encke,  in  80 
j'ears;  that  of  Xi  Ursae,  in  58  years;  that  of  Zeta 
Cancri,  in  55  years;  and  that  of  Eta  Coronae,  in 
43  years. 

A  whole  revolution  of  some  of  these  stars  has 
been  nearly  completed  since  observations  began  to 
be  made  on  such  objects.  The  motion  of  the 
small  star  of  Xi  Ursae  began  to  be  traced  about 
the  year  1781;  in  1819,  it  had  moved  219°  from 
its  position  in  1781;  in  1830,  it  was  303  from  that 
position,  progressing  in  a  circle;  and  about  this 
time,  or  the  beginning  of  1840,  it  has  probably 
finished  its  orbital  revolution.  The  star  Eta  Co- 
ronae, whose  period  is  forty-three  years,  has  not 
only  accomplished  a  complete  revolution,  but  is 
actually  considerably  advanced  in  its  second  pe- 
riod. Sir  J.  Herschel,  during  his  late  sojourn  at 
the  Cape  of  Good  Hope,  is  said  to  have  discovered 
in  the  southern  skies,  binary  stars,  whose  periods 
of  revolution  are  even  shorter  than  those  now 
stated,  their  change  of  position  having  been  quite 
perceptible  during  the  three  or  four  years  of  his 
residence  in  that  quarter.  Sir  W.  Herschel,  iu 
the  paper  to  which  I  have  already  referred,  states 
observations  which  furnish  us  with  a  phenomenon 
wliich  is  nevs^  in  astronomj' — namely,  the  occulta- 
tion  of  one  star  by  another.  With  a  power  of  460, 
in  July,  17^2,  the  stars  of  Zeta  Herculis  were 
then  half  the  diameter  of  the  small  star  asunder; 
in  1795,  he  found  it  difficult  to  perceive  the  small 
star  with  the  same  power;  in  1802,  the  small  star 
could  no  longer  be  perceived,  but  the  apparent 
disc  of  the  large  star  seemed  to  be  a  little  length- 
ened one  way.  With  his  ten  feet  telescope,  and  a 
power  of  600,  he  found  it  to  have  the  appearance 


of  a  wedge-formed  star.  On  the  11th  of  April, 
1803,  he  examined  the  apparent  disc  with  a  power 
of  2140,  and  found  it,  as  before,  a  little  disiorted, 
but  there  could  not  be  more  than  about  three- 
fourths  of  the  apparent  diameter  of  the  small  star 
wanting  to  a  complete  occultation.  "  Most  pro- 
bably," he  observes,  "the  path  of  the  motion  is 
not  quite  central;  if  so,  the  disc  will  remain  a 
little  distorted  during  the  whole  time  of  the  con- 
junction." This  phenomenon  evidently  demon- 
strates the  fact  of  circular  orbital  motion,  per- 
formed in  a  plane  nearly  parallel  to  our  line  of 
vision. 

The  star  Gamvia  Virginis  has  presented  pheno- 
mena nearly  similar  to  that  of  Zeta  Herculis 
This  star  is  remarkable  both  for  the  length  of  its 
period,  the  rapid  increase  of  the  angular  motion 
of  the  two  stars  of  which  it  is  composed,  and 
particularly  i/ie  yreoi  diminution  of  their  apparent 
distance.  It  has  been  known  as  a  double  star  for 
at  least  120  years.  The  two  stars  of  which  it  is 
composed,  and  which  are  nearly  equal,  were  so 
far  apart  about  the  middle  of  the  last  century 
that  they  were  marked  in  Mayer's  catalogue  as 
two  distinct  stars,  so  that  any  moderately  good 
telescope  would  have  shown  their  separation,  be- 
ing at  that  period  about  seven  seconds  distant 
from  each  other.  Since  that  time  they  have  been 
constantly  approaching,  and  in  1833  were  scarcely 
more  than  a  single  second  asunder;  so  that  a 
common  telescope  was  insufficient  to  show  their 
separation,  and  even  telescopes  of  very  superior 
power  could  show  them  no  otherwise  than  as  a 
single  star  somewhat  elongated.  According  to 
Sir  J.  Herschel's  computations,  the  small  star  )nust 
have  arrived  at  its  perihelion  on  the  18th  of  Au- 
gust, 1834.  He  also  determined  the  inclination  of 
the  orbit  to  the  visual  ray  to  be  22°  58',  ard  the 
angle  of  position  of  the  perihelion  projected  on  the 
heavens,  36°  24'.  The  small  star  of  Eta  Corona 
reached  its  perihelion  in  1835;  and  it  is  calculated 
that  the  revolving  star  of  Castor  will  reach  the 
same  point  during  the  year  1855. 

From  the  observations  that  have  been  made  on 
binary  stars,  it  now  appears  demonstrable  that  the 
law  of  gravitation  extends  its  influence  to  the 
starry  regions;  that  the  same  laws  of  motion 
which  direct  the  planets  in  their  courses,  and  con- 
nect them  with  the  sun  as  their  center,  likewise 
operate  in  these  binary  systems  in  carrying  one 
star  around  the  center  of  gravity  of  another.  It 
has  often  been  surmised  that  gravitation  is  a  power 
which  is  universal  in  its  inliuence;  and  here  we 
have  a  proof  that  it  extends  not  only  beyond  the 
range  of  the  planetary  system  and  the  orbits  of 
the  most  eccentric  comets,  not  only  to  stars 
reckoned  the  nearest  to  our  giobe,  but  to  those  of 
the  third,  fourth,  and  even  tenth  magnitudes, 
which  may  be  supposed  many  hundreds  of  bil- 
lions of  miles  farther  distant;  tluis  rendering  it 
highly  probable  that  it  is  a  fundamental  law  of 
matter,  and  extends  its  energies  throughout  the 
amplitudes  of  creation,  combining  in  one  vast 
system  all  the  operations  of  the  Eternal. 

The  orbits  in  which  the  one  star  moves  around 
the  other  are  found  to  be  elliptical,  which  is  the 
same  kind  of  curve  in  which  the  earth  and  the 
other  planets  move  round  the  sun,  in  which  the 
satellites  of  Jupiter,  Saturn,  and  Uranus  perform 
their  revolutions  round  their  respective  primaries 
— another  proof  thai  the  same  general  lavir  ope- 
rates in  both  cases.  Some  of  these  orbital  mo- 
tions are  retrograde  and  others  are  direct,  or  in  thb 
tame  direction  as  the  motions  of  the  planets  of 
our  system.  In  some  cases  it  happens  that  the 
edge  of  the  orbit  of  the  revolving  star  is  presented 
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to  the  earth,  or  in  a  line  nearly  parallel  to  that  of 
our  vision,  as  is  found  in  the  star  tt  Serpeutarii; 
in  which  case  the  star  appears  to  move  in  a  straight 
line,  and  to  oscillate  on  each  side  of  the  larger 
6tar  around  which  it  revolves,  in  a  manner  similar 
to  that  (3^  the  satellites  of  Jupiter,  which  appear 
to  pass  from  the  one  side  to  the  other  of  the  planet 
in  ncerly  straight  lines,  because  the  plane  of  their 
orbits  is  nearly  in  a  line  with  our  eye.  At  the 
ttmo  when  Sir  W.  Herschel  first  observed  this 
binary  system,  the  two  stars  were  distinctly  sepa- 
rate, but  at  present  the  small  star  is  so  completely 
projected  on  the  other  that  even  Struve,  with  his 
powerful  telescope,  cannot  now  perceive  the  least 
Beparation  between  the  two  bodies — a  fact  which 
evidently  demonstrates  that  to  our  eye  the  one  is 
passing  across  the  disc  of  the  other,  and  that  a 
number  of  years  hence  it  will  appear  on  the  other 
eide  of  the  larger  star.  On  the  other  hand,  the 
two  stars  of  Zeta  Orionis  are  now  separated  by  a 
small  interval,  although  they  appeared  as  one  star 
in  the  time  of  Sir  W.  Herschel;  all  which  phe- 
nomena demonstrate  a  motion  in  a  circular  or 
elliptical  orbit,  the  plane  of  which  lies  oblique  to 
our  eye;  and  it  has  been  calculated,  from  the  ap- 
parent motions  of  these  bodies,  that  the  ellipses 
in  which  they  move  are  in  general  more  elongated 
than  the  orbits  of  the  solar  planets.  On  the  whole, 
to  use  the  words  of  Sir  John  Herschel,  "  we  have 
tlie  same  evidence  of  their  rotations  about  each 
other  that  we  have  of  those  of  Uranus  and  Saturn 
about  the  sun;  and  the  correspondence  between 
tlieir  calculated  and  observed  places  in  such  very 
elongated  ellipses  must  be  admitted  to  carry  with 
it  proof  of  the  prevalence  of  tlie  Newtonian  law 
of  gravity  in  their  systems,  of  the  very  same  na- 
ture and  cogency  as  that  of  the  calculated  and 
tbserved  places  of  comets  round  the  central  body 
•f  our  own." 

Having  stated  the  above  general  facts  respecting 
binary  stars,  I  shall  now  present  to  the  reader  a 
few  telescopic  views  of  these  objects- 
Fig  15  represents  a  telescopic  view  of  Epsilon 
Bootls,  with  a  magnifying  power  of  about  200 
limes.  This  is  reckoned  a  very  beautiful  double 
star  on  account  of  the  different  colors  of  the  stars 
of  which  it  is  composed,  and  has  an  appearance 
Bomevi'hat  similar  to  a  planet  and  its  satellite,  both 
shining  with  innate  but  differently  colored  light. 
The  small  star  is  of  a  bluish  color,  and  is  separa- 
ted from  the  other  by  a  space  equal  to  the  diame- 
ter of  the  larger  star,  and  its  apparent  size  is  one- 
third  of  the  other.  It  is  sometimes  called  Mirac, 
and  it  is  situated  about  ten  degrees  north-east  of 
Arcturus.     The  large  star  has  a  reddish  tinge. 

Fig  16  is  a  Hercnlis:  the  small  star  is  of  a  blu- 
ish color,  separate  from  the  other  two  diameters 
of  the  large  star;  the  blue  star  is  one-third  the 
size  of  the  other.  It  is  situated  in  the  head  of 
Hercules,  about  thirty  degrees  south-west  from 
the  bright  star  *  Lyra;,  and  six  degrees  north- 
west from  Ras  Alhague,  a  star  of  nearly  the  same 
magnitude.  It  comes  to  the  meridian  about  the 
middle  of  July,  at  nine  o'clock  in  the  evening,  at 
an  elevation  of  about  fifty-two  degrees.  This 
star  is  also  distinguished  by  the  name  Ras  AlgetJd, 
and  may  be  seen  marked  in  Plate  it,  which  con- 
tains a  map  of  stars  which  are  seen  near  the  me- 
ridian about  the  beginning  of  September. 

Fig.  17  is  a  view  of  y  Andromedas:  the  small 
star  is  of  a  fine  greenish-blue  color,  separate  from 
the  large  star  about  nine  seconds,  or  four  diame- 
ters of  that  star;  the  larger  star  is  of  a  reddish 
white.  It  is  situated  in  the  left  foot  of  Andro- 
meda, and  is  distinguished  by  the  name  Almaack. 
It  is  a  star  of  the  second  magnitude,  about  forty- 


two  degrees  of  north  declination,  and  passes  the 
meridian,  in  the  beginning  of  Dgcember,  about 
half  past  ten  in  the  even- 
ing, about  ten  degrees  south 
from  the  zenith.  It  is  about 
twelve  degrees  nearly  due 
west  from  the  variable  star 
Algol. 

Fig.  18  is  Zeta  Cygni: 
the  smaller  star  is  blue, 
and  they  are  separated  about 
ten  diameters.  This  star 
is  situated  in  the  eastern 
wing  of  the  Swan — right 
ascension,  21h.  4',  north  de- 
clination, twenty-eight  de- 
grees, and  is  about  twenty  degrees  south-east  of 
Denib,  the  principal  star  of  this  constellation. 

Fig.  19  represents  Zeta  Fig. 
Aquarii.  The  two  stars  are  18 
nearly  equal  in  apparent 
magnitude,  and  one  diame- 
ter and  a  half  separate  from 
each  other;  both  stars  are 
of  a  whitish  color.  It  is  in 
the  middle  of  three  other 
stars,  which  together  form 
a  figure  resembling  the  letter  Y.  Its  right  ascen- 
sion is  22h.  20',  and  its  south  declination  about 
two  degrees.  It  is  a  star  of  about  the  third  mag- 
nitude, and  comes  to  the  meridian  at  nine  o'clock 
in  the  evening  about  the  middle  of  October. 

Fig  20  represents  the  Pole-star.  The  accom- 
panying star  is  a  very  faint  point,  and  requires  an 
accurate  telescope  with  considerable  power  to  dis- 
tinguish it.  The  large  star  is  white,  and  the  small 
star  somewhat  of  a  ruddy  appearance,  and  is  dis- 
tant from  the  larger  seventeen  seconds,  or  about 
three  or  four  of  its  diameters. 

Fig.  21  is  the  double  star  Fig. 
Castor.  The  smaller  star  20 
is  nearly  half  the,  size  of 
the  larger,  and  they  are 
distant  about  five  seconds, 
or  two  diameters  of  the 
principal  star.  The}'  are 
both  of  a  whitish  color. 
Their  situation  may  be 
found  on  Plate  I.  Castor 
and  Pollux  lie  to  the  north- 
west of  Orion,  at  a  considerable  distance  from  it 
They  are  very  conspicuous,  are  within  five  de- 
grees of  each  other,  and  rise  to  a  very  high  ele- 
vation when  passing  the  meridian,  and  may  be 
seen  throughout  the  whole  winter  and  spring 
months.     Castor  is  the  more  elevated  of  the  two. 

Fig.  22  represents  Rigel,  a  splendid  star  in  the 
left  foot  of  Orion.  The  small  star  is  a  mere  point, 
and  very  difficuit  to  be  distinguished,  and  is  three 
or  four  diameters  of  the  large  star  from  it.  The 
large  star  is  white,  the  small  one  of  a  reddish 
hue. 

Fig.  23  shows  the 
double  star  Castor, 
with  a  magnifying 
power  of  "300."  It 
likewise  shows  the 
angular  position  of 
the  small  star  at 
the  present  time  in 
respect  to  Pollux, 
(fig.  24),  by  which 
it  appears  that  it  is 
nearly  at  a  right 
angle  to  aline  join- 
ing Castor  and  Pol- 
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with  a  power  of  1100. 
Fig. 


lux,  whereas  in  the  time  of  Dr.  Bradley  it  was 
parallel  with  a  line  joining  these  two  stars. 

Fig.  25,  26,  27, 

and     28,     exhibit 

views  of  the  double 

star  Epsilon  Bootis, 

^  witli  four  magnify- 

c3  iiig  powers.      Fig. 

2.  25  is  its  appearance 

W  with   a   power    of 

227;  fig.  26,  with  a 

power  of  460;  fig. 

27,  with  a  power  of 

900;    and    fig.  28, 

Fig.  29,  30,  and 
31,  represent  tele- 
scopic views  of  the 
triple  star  in  the 
left  fore-foot  of  the 
constellation  Mo- 
noceroSjOT  the  Uni- 
corn, which  forms 
a  very  beautiful 
object  in  this  class 
of  stars.  This  star 
appeared  at  first 
double,  but  with 
Bome  attention,  one  of  the  two  is  discovered  to  be 
also  double;  the  first  of  them  is  the  largest.  The 
color  of  these  stars  is  white.  With  a  small  power 
they  appear  as  in  fig.  29;  with  a  power  of  220,  as 
in  fig.30;  and  with  a  power  of  450,  as  in  fig.  31. 
There  is  a  beautiful  object  of  this  description,  but 
somewhat  different  in  the  configuration  of  the 
three  stars  of  which  it  is  composed,  to  be  seen  in 
the  tail  of  the  great  Bear;  it  is  the  star  Zeta 
Ursee,  called  also  Mizar,  and  is  the  middle  star  in 
the  tail. 

Such  are  a  few  specimens  of  the  telescopic 
appearances  of  this  class  of  celestial  objects. 
Some  of  these  objects,^  in  order  to  be  distinctly 
seen,  require  telescopes  of  considerable  magnify- 
ing power.  All  the  objects,  however,  referred  to 
above  may  be  seen  with  a  good  three  feet  and  a 
half  achromatic  telescope,  whose  object-glass  is 
two  inches  and  three  quarters  aperture.  The 
double  star  Castor  may  be  seen  with  powers  of 
80, 140,  and  180.  I  have  frequently  distinguished 
the  separation  of  the  two  stars  with  a  terrestrial 
power  of  only  45;  but  the  higher  powers  of 
course  are  much  preferable.  In  order  to  perceive 
the  very  small  star  or  point  of  light  adjacent  to 
the  pole-star,  a  poweu  of  140  at  least  is  requisite 
with  such  a  telescope;  but  it  is  more  distinctly 
«een  with  a  power  of  190  or  200.  It  is  consid- 
ered as  a  fair  test  of  the  goodness  of  a  telescope 
of  this  description  when  this  minute  object  is 
oerceptible  with  such  powers.  The  small  star 
connected  with  Epsilon  Bootis  is  likewise  an 
object  which  requires  a  considerable  degree  of 
magnifying  power  and  distinctness  to  perceive  the 
separation  of  the  two  stars;  and  it  is  more  difli- 
'.ult  to  perceive  the  small  star  adjacent  to  Rigel 
than  any  of  these  objects. 


In  the  phenomena  I  have  now  described,  we 
have  a  new  and  interesting  scene  presented  before 
js,  which  leads  the  mind  into  a  train  of  thought 
very  different  from  what  could  have  been  con- 
ceived by  astronomers  of  a  former  age.  To  some 
minds,  not  accustomed  to  deep  reflection,  it  may 
api)ear  a  very  trivial  fact  to  behold  a  small  and 
»Citrcely  distinguishable  point  of  light  immediately 


adjacent  to  a  larger  star,  and  to  be  informed  that 
this  lucid  point  revolves  around  its  larger  atten- 
dant; but  this  phe-jomenon,  minute  and  trivial  as 
it  may  at  first  sight  appear,  proclaims  the  aston- 
ishing fact,  that  SUN3  revolve  around  suns,  and 
SYSTEMS  AROUND  svsTEMS.  This  is  a  Compara- 
tively new  idea,  derived  from  our  late  sidereal 
investigations,  and  forms  one  of  the  most  sublime 
conceptions  which  the  modern  discoveries  of  as- 
tronomy have  imparted.  It  vindoubtediy  con- 
veys a  very  sublime  idea,  to  contemplate  such  a 
globe  as  the  planet  Jupiter — a  body  thirteen 
hundred  times  larger  than  the  earth — revolving 
around  the  sun,  at  the  rate  of  twenty-nine  thou- 
sand miles  every  hour;  and  the  planet  Saturn, 
with  its  rings  and  moons  revolving  in  a  similar 
manner  round  this  central  orb  in  an  orbit  of  five 
thousand,  six  hundred  and  ninety  millions  of  miles 
in  circumference.  But  how  much  more  august 
and  overpowering  the  conception  of  a  sun  revolv- 
ing around  another  sun — of  a  sun  encircled  with  a 
retinue  of  huge  planetary  bodies,  all  in  rapid 
motion,  revolving  round  a  distant  sun,  over  a 
circumference  a  hundred  times  larger  than  what 
has  been  now  stated,  and  with  a  velocity  perhaps 
a  hundred  times  greater  than  that  of  either  Jupi- 
ter or  Saturn,  and  carrying  all  its  planets,  satel- 
lites, comets,  or  other  globes  alo)!g  with  it  in  its 
swift  career!  Such  a  sun,  too,  may  as  far  exceed 
these  planets  in  size  as  our  sun  transcends  in 
magnitude  either  this  earth  or  the  planet  Venus^ 
the  bulk  of  any  one  of  which  scarcely  amounts 
to  the  thirteen-hundred-thousandth  part  of  the 
solar  orb  which  enlightens  our  day.  The  farther 
we  advance  in  our  explorations  of  the  distant 
regions  of  space,  and  the  more  minute  and  spe- 
cific our  investigations  are,  the  more  august  and 
astonishing  are  the  scenes  which  open  to  our 
view,  and  the  more  elevated  do  our  conceptions 
become  of  the  grandeur  of  that  Almighty  Being 
who  "marshaled  all  the  starry  hosts,"  and  of  tl»e 
multiplicity  and  variety  of  arrangements  he  has 
introduced  into  his  vast  creation.  And  this  con- 
sideration ought  to  serve  as  an  argumeiit  to  every 
rational  being,  both  in  a  scientific  and  a  religious 
point  of  view,  to  stimulate  him  to  a  study  of^tlie 
operations  of  the  Most  High,  %vho  is  "  wonderful 
in  counsel  and  excellent  in  working,'"  and  whose 
works  in  every  part  of  his  donjinions  adumbrate 
the  glory  of  his  perfections,  and  proc,  dm  the 
depths  of  his  wisdom  and  the  greatness  of  his 
power. 

In  order  to  form  a  comprehensive  conception 
and  a  proper  estimate  of  such  binary  systems,  we 
have  to  consider,  in  the  fust  place,  the  distances 
of  the  stars  or  suns  from  each  other.  These  dis- 
tances, in  the  meantime,  cannot  be  accurately 
ascertained  until  something  more  definite  be  de- 
termined respecting  the  parallaxes  of  these  bodies. 
Some  have  supposed  that  the  distance  between 
some  of  these  binary  stars  may  be  as  great  as  the 
distance  between  the  earth  and  any  of  these  stars* 
But  such  a  supposition  is  highly  improbable,  if 
we  admit,  what  is  now  complt-tsly  ascertained, 
that  these  bodies  are  intimately  connected  by  the 
law  of  gravitation.  Their  distance,  however, 
must  be  very  great,  notwithstanding  their  appa- 
rent nearness  to  each  other,  as  a  few  seconds  of 
interval,  at  the  distance  of  the  nearest  star,  must 
comprise  an  immense  space.  I  shall  suppose  this 
distance  in  the  case  of  some  of  these  bociies  to  be 
only  the  one-hundredth  part  of  what  is  reckoned 
the  distance  (namely,  twenty  billions)  of  ths 
nearest  star.  On  this  supposition,  the  distance  of 
the  revolving  star  from  its  primarv  would  be 
200,000,000,000,  or  two  hundred  thousand   mil- 
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lions  of  miles.  The  circumference  of  its  orbit 
wouli  therefore  be  1,250,640,000,000  of  miles. 
The  small  star  of  |  Ursa;  completes  its  revolution 
in  fifty-eight  years,  and  consequently,  if  at  the 
distance  now  supposed  from  its  primary,  must 
move  at  the  rate  of  two  millions  four  hundred 
and  seventy-one  thousand  miles  every  hour,  which 
«s  eighty-five  times  the  velocity  of  the  planet  Ju- 
piter, and  more  than  tvventy-tliree  times  the  velo- 
city of  iMercury  in  its  orbit,  which  is  the  swiftest 
moving  planet  in  our  system.  This  motion  would 
be  still  more  swift  in  the  case  of  some  of  the 
other  stars  to  which  we  have  alluded.  The  small 
star  of  G  Eridani,  as  determined  by  Mr.  Dunlop, 
revolves  around  the  larger  at  the  rate  of  somewhat 
more  than  ten  and  a  half  degrees  per  annum,  and 
consequently  accomplishes  a  revoluion  in  little 
more  than  thirty  years.  Its  motion,  then,  at  tlie 
distance  supposed,  would  be  equal  to  four  millions 
Sfevon  hundred  thousand  miles  an  hour,  which  is 
1C2  times  the  velocity  of  Jupiter,  and  about  forty- 
four  times  that  of  Mercury.  Even  the  small  star 
of  y  Leonis,  whicli  takes  1200  years  to  accomplish 
its  revolution,  would,  on  the  same  supposition, 
move  at  the  rate  of  119,000  miles  an  hour,  which 
is  a  greater  velocity  than  that  of  the  swiftest 
planets  of  our  system.  These  are  immense  ve- 
locities, especially  when  we  consider  the  enormous 
sire  of  tlie  bodies  thus  impelled,-  for  the  least  of 
these  suns  may  be  considered  as  ten  millions  of 
times  larger  than  the  planet  Mercury,  yet  moving 
with  a  velocity  so  much  superior. 

What,  then,  would  be  the  velocities  of  such 
bodies  were  we  to  suppose  them  as  far  distant 
from  each  other  as  we  are  from  the  nearest  starl 
111  the  case  of  Xi  Urss,  the  velocity  would  be 
two  iiundred  and  forty-seven  millions,  one  hun- 
dred and  sixty  tliousand  miles  every  hour,  and  four 
millions,  one  hundred  and  fifty  thousand  every 
minute;  and  in  the  case  of  6  Eridani,  the  velocity 
would  be  477,800,000  miles  an  hour,  and  132,735 
in  a  second,  which  is  more  than  sixteen  tliousand 
times  the  velocity  of  Jupiter.  That  bodies  may 
move  with  such  velocity  is  perhaps  not  impossible, 
out  it  is  highly  improbable  that  such  rapid  mo- 
tions actually  exist  among  bodies  of  such  aston- 
ishing magnitudes;  and  therefore  we  must  sup- 
pose that  the  binary  stars  are  within  a  moderate 
distance  of  each  other.  Still,  that  distance  must 
be  very  considerable,  and  it  is  not  unlikely  may 
be  as  great  as  I  have  supposed,  and  if  so,  it  pre- 
sents to  our  view  motions  more  rapid  and  sublime 
than  any  which  are  known  to  exist  within  the 
limits  of  our  planetary  system. 

In  the  next  place,  we  must  consider  the  system 
of  planets  connected  with  the  binary  stars.  These 
stars  are  evidently  suns  or  self-luminous  bodies, 
otherwise  their  light  would  never  reach  our  dis- 
tant sphere.  But  we  can  never  admit  that  suns 
were  created  merely  to  diffuse  a  useless  splendor 
over  the  waste  spaces  of  infinity,  where  there  are 
no  sentient  beings  witli  visual  organs  to  be  cheer- 
ed with  their  radiance.  In  tliis  case  tliey  might 
be  said  to  be  created  in  vain.  Hence  we  must 
necessarily  conclude  that  these  suns  are  attended 
with  a  retinue  of  planetary  bodies,  which  revolve 
around  them  as  the  centers  of  light  and  attractive 
influence,  and  we  can  scarcely  conceive  a  more 
sublime  and  astonishing  object  than  that  of  mag- 
nificent suns  revolving  around  still  more  magnifi- 
cent and  luminous  centers,  and  conveying  along 
with  them  in  their  swift  career  a  numerous  train 
of  mighty  worlds,  all  in  regular  and  rapid  motion 
around  their  respective  orbs.  In  such  sublime 
sidereal  arrangements  we  behold  a  combination 
of  motions  and  eifects  of  gravitation  which  are 
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not  to  be  traced  throughout  any  part  of  tho  sys- 
tem to  which  we  belong.  For  while  tho  planetn 
which  perform  their  revolutions  around  the  revol- 
ving sun,  are  affected  by  the  power  of  attraction 
from  that  body  with  which  they  are  more  immedi- 
ately connected,  they  n)ust  likewise  be  attracted  by 
the  larger  central  sun,  and  their  motions  sometimes 
retarded,  sometimes  accelerated,  and  variously 
modified,  by  its  powerful  influence,  which  com- 
bined influences  must  produce  a  diversity  of  phe- 
nomena and  effects  unknown  in  the  system  of  our 
sun.  For  the  sake  of  some  readers,  not  accus- 
tomed to  such  views  and  contemplations,  I  hava 
given  a  rude  sketch  of  a  binary  system  in  fig.  32, 
in  which  the  central  circles  represent  the  larger 
sun  with  its  attendant  planets,  and  the  other  cir- 
cles the  revolving  sun  and  its  planets,  in  four 
different  positions. 

Again,  in  contemplating  these  binary  systems, 
we  perceive  a  great  diversity  in  the  periods  of  their 
revolutions.  'I'he  period  of  revolution  of  the  small 
star  of  i  Bootis  is  calculated  to  be  not  less  thaa 
1600  years.  An  inhabitant  of  that  system  would 
be  considered  by  us  an  old  residenter  were  ho  to 
survive  the  period  of  a  year,  or  a  single  revolu- 
tion. But  in  such  systems  it  is  not  likely  that  tho 
lapse  of  duration  is  marked  by  so  short  periods  as 
in  our  own  sublunary  abode,  nor  is  it  probable  that 
disease  and  death  cut  short  the  existence  of  its 
inhabitants,  as  in  the  world  in  which  we  dwell. 
Another  of  these  suns  takes  1200  years  to  com- 
plete a  revolution ;  another,  629  years  ;  and 
another,  452;  while  several  others  finish  their 
circuits  in  the  comparatively  short  periods  of  55, 
43,  and  even  30  years.  Whether  these  diversitiea 
in  the  periods  of  revolution  be  owing  to  the  dif- 
ferent magnitudes  of  the  respective  bodies,  their 
distances  from  each  other,  the  amplitudes  of  tha 
orbits  in  which  they  move,  or  the  comparative 
velocities  with  which  they  are  carried  forward  in 
their  career,  we  have  as  yet  been  unable  to  deter- 
mine; and  a  long-continued  series  of  the  most 
delicate  and  minute  investigation  is  still  requisito 
before  such  points  can  be  ascertained  with  any 
degree  of  precision.  But  such  striking  differences 
in  their  periodic  revolutions  evidently  indicate 
that  the  characteristic  of  variety  is  impressed  upon 
all  the  arrangements  connected  with  those  distant 
systems;  which  lead  us  to  conclude  that  there  is 
no  system  of  suns  or  worlds  in  the  universe  ex- 
actly resembling  another,  although  they  may  bo 
all  subject  to  the  operation  of  the  same  general 
and  fundamental  laws.  From  such  circumstances 
we  are  likewise  led  to  infer  that  among  bodies  in 
the  more  distant  regions  of  creation  there  may  bo 
motions  and  arrangements  altogether  diff.'rent 
from  anything  we  yet  know,  which  produce 
scenes  of  beauty,  sublim.ity,  and  grandeur,  far 
surpassing  what  the  mind  of  man  can  yet  con- 
ceive. 

In  regard  to  the  number  of  such  binary  systems, 
no  precise  estimate  has  yet  been  made.  We  have, 
however,  every  reason  to  believe  that  their  num- 
ber is  very  great.  I  have  already  stated  that  about 
6000  double  stars  have  been  detected  by  M.  Struve, 
the  two  Herschels,  Mr.  Dunlop,  and  Sir  James 
South.  On  the  doctrine  of  chances,  it  is  in  the 
highest  degree  improbable  that  the  greater  part, 
or  even  any  considerable  number  of  these  bodies, 
appear  double  by  their  accidental  proximity,  or 
being  so  placed  one  behind  another  as  to  be  nearly 
in  the  same  line  of  vision.  We  may  therefore 
conclude  that  at  least  4000  of  these  stars  are 
binary  systems  connected  by  the  law  of  mutual 
gravitation.  Between-  forty  and  fifty  of  thes») 
bodies  have  been  ascertained  beyond  doubt  to  form 
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revolving  systems,  and  time  "must  be  allowed  for 
furtlier  investigations.  It  is  but  lately  that  tlie 
attention  of  aslroaoiners  lias  been  directed  to  sucii 
observations;  and  on  account  of  the  very  minute 
distances  of  the  revolving  stars  from  each  oilier, 
and  the  slight  variation  of  the  angle  of  position 
which  can  be  traced  for  a  series  of  years,  an  age 
or  two  is  requisite  in  order  to  determine  with 
precision  the  degree  or  progress  of  their  revolu- 
tionary movements.  Some  of  their  orbits,  too, 
may  be  so  extensive,  or  their  motions  so  compa- 
ratively slow,  that  several  thousands  of  years  may 
elapse  before  the  periods  of  some  of  these  bodies 
be  completed;  and  if  so,  we  have  no  reason  to 
conclude  that  they  are  not  binary  systems,  al- 
though half  a  century  should  elapse  v.'ithout  any 
change  being  perceived  in  their  angular  positions. 
In  the  course  of  fifty  or  sixty  years  hence,  we 
have  reason  to  believe  many  important  discoveries 
will  be  made  in  reference  to  the  bodies  in  ques- 
tion, and  what  is  at  present  doubtful  or  obscure 
will  be  rendered  definite  and  precise.  In  the 
meantime,  we  may  safely  taKe  for  granted  that 
several  thousands  of  those  revolving  suns  and 
systems  lie  within  the  range  of  our  telescopes, 
whose  revolutions  will  ere  long  be  determined. 
But  as  oui  most  powerful  instruments  can  carrj' 
lis  only  a  very  small  way,  comparatively,  beyond 
the  outward  boundaries  of  those  mighty  heavens 
which  surround  us,  ten  thousands  of  such  sys- 
tems may  exist  in  those  remoter  regions,  which 
will  forever  remain  inexplorable  by  mortals. 

There  is  another  interesting  view  which  may 
be  taken  of  these  binary  systems,  and  that  is — the 
contrast  of  colors  lohich  some  of  the  stars  composing 
these  sijstems  exhibit.  I  have  already  alluded  to  some 
of  these  stars  being  of  different  colors,  and  any 
observer  who  is  possessed  of  a  good  telescope  may 
easily  satisfy  himself  on  this  point.  "  Many  of 
the  double  stars,"  saj's  Sir  J.  Herschel,  "exhibit 
the  beautiful  and  curious  phenomena  of  con- 
trasted or  complementary  colors.  In  such  in- 
stances, the  larger  star  is  usually  of  a  ruddy  or 
orange  hue,  while  the  smaller  one  appears  blue  or 
green;  probably  in  virtue  of  that  genera!  law  of 
optics  which  provides  that  when  the  retina  is 
under  the  influence  of  excitement  by  any  bright- 
colored  light,  feebler  lights,  when  seen  alone 
would  produce  no  sensation  but  of  whiteness, 
shall  for  the  time  appear  colored  with  the  tint 
complementary  to  that  of  the  brighter.  Thus  a 
yellow  color  predominating  in  the  light  of  the 
brighter  star,  that  of  the  less  bright  one  in  the 
same  field  of  view  will  appear  blue;  while  if  the 
tint  of  the  brighter  star  verge  to  crimson,  that  of 
the  other  will  exibit  a  tendency  to  green,  or  even 
appear  as  a  vivid  green  under  favorable  circum- 
stances. The  former  contrast  is  beautifully  exhi- 
bited by  Iota  Cancri,  the  latter  by  Gamma  Andro- 
meda3,  both  fine  double  stars.  If,  however,  the 
colored  star  be  much  the  less  bright  of  the  two,  it 
will  not  materially  affect  the  other.  Thus,  for 
instance.  Eta  Cassiopeioe  exhibits  the  beautiful 
combination  of  a  large  white  star  and  a  small  one 
of  a  rich  ruddy  purple.  It  is  by  no  means,  how- 
ever, intended  to  say  that  in  all  such  cases  one  of 
the  colors  is  a  mere  effect  of  contrast;  and  it  maj- 
be  easier  suggested  in  words  than  conceived  in 
imagination,  what  variety  of  illumination  tioo 
suns,  a  red  and  a  green,  or  a  yellow  and  a  blue 
one,  must  afford  a  planet  circulating  about  either; 
and  what  charming  contrasts  and  '  grateful  vicis- 
situdes' — a  red  and  a  green  day,  for  instance, 
alternating  with  a  white  one  and  with  darkness — 
might  arise  from  the  presence  or  absence  of  one  or 
Other,  or  both,  above  the  horizon.    Insulated  stars 


of  a  red  color,  almost  as  deep  as  that  of  blocxi, 
occur  in  many  parts  of  the  heavens,  but  no  greon 
or  blue  star  (of  any  decided  hue)  has,  we  believe, 
ever  been  noticed  unassociated  with  a  compauion 
brigliter  than  itself." 

I'lie  fact  of  colored  fiins,  of  suns  belonging  to 
the  same  system  diff'innpf  !ight  of  opposite  or 
contrasted  colors,  prestJi';.  ;\  novel  and  iuU-resting 
idea,  and  a  splendid  sceiv,  i>i  which  a  lively  ima- 
gination may  luxuriate  winl,  depicting  the  diver- 
sity of  a';p:;cts  under  whi«,t'  .il>;ects  will  nppear  in 
those  worlds  which  are  alt.'.  i.a*ely  illuminated  by 
such  a  variety  of  irradiation  It  is  somewhat  dif- 
ficult, however,  to  form  a  d-^'i^ict  conception  of 
the  particular  beauties,  sublimtes,  and  contrasts, 
which  will  be  produced  by  .^rth  a:hnirable  ar- 
rangements. We  are  unaci,i  -i'lited  with  the 
nature  and  qualities  of  the  suh,.i'iices  which  are 
thus  illuminated,  and  therefore  a  i\.a  t  determine 
the  peculiar  hues  or  splendor  w h'c'i  ^\ill  result 
from  the  reflection  of  such  irradia'uus;  but  we 
may  easily  conceive  there  will  be  u  %'i.isiderable 
difivreuce  in  the  variety  and  splendor  t'ltijeh  illu- 
minations, and  in  the  contrast  of  c<.i  t  j  v^Lich 
will  be  exhibited  when  the  revolving  pl.-'njM  sre 
in  different  parts  of  their  orbits.  When  .'n  such 
positions  as  A,  B,  C,  D  (fig.  32),  they  \ 'i.i  be 
more  directly  under  the  influence  of  both  jVsis 
than  when  at  E  and  F,  and  of  course  the  eSi"vt 

Fig.  32. 


of  the  contrasted  colored  rays  will  be  most  re- 
markable. One  hemisphere  of  a  planet  may  be 
illuminated  with  a  yellow  sun,  while  the  otlier  i3 
at  the  same  time  enlightened  by  a  green,  and  both 
suns  may  occasionally  shine  in  the  same  hemi- 
sphere, producing  such  a  blending  of  hues,  and  a 
contrast  of  coloring  over  the  whole  landscape,  as 
to  render  the  aspect  of  the  ssene  completely  dif- 
ferent at  one  time  from  what  it  is  at  another.  In 
different  parts  of  the  planets'  courses  around  their 
primary  suns  these  effects  will  be  variously  modi- 
fied, so  as  to  produce  an  almost  perpetual  variety 
in  the  scenery  of  such  worlds.  A  sun  of  a  bril- 
liant white  color  may  perhaps  be  seen  rising,  while 
a  sun  of  a  ruby  hue  is  descending  below  the  hori- 
zon, and  when  both  suns  are  absent,  the  starry 
firmament  will  appear  in  all  its  splendor,  and 
every  object  around  present  a  contrast  to  its  pre- 
vious appearance. 

The  science  of  optics,  and  particularly  the  ex- 
periments which  have  been  made  on  polarized 
light,  show  us  what  a  variety  of  combinations  of 
vivid  and  beautiful  colors  may  be  produced  by 
certain  modifications  of  light,  which  may  easily 
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lead  us  to  conceive  of  the  sublime  and  diversified 
briiliancy  of  coloring  which  must  be  the  result 
of  the  irradiation  of  suns  of  dilfereut  hues.  The 
iiglit  of  the  stars  in  giMieral  is  greatly  diversified, 
rlthough  on  a  cursory  view  of  the  firmament  they 
appear  nearly  of  the  same  aspect.  The  rays  of 
Sirius,  for  example,  are  not  only  strikingly  differ- 
ent from  those  of  Aldeharan,  but  from  those  of 
many  other  stars  which  seem  to  bear  a  nearer 
resemblance.  In  tropical  climates,  where  the  sky 
is  clearer  than  with  us,  and  almost  of  a  dark  ebony 
color,  the  different  hues  of  the  stars  are  more 
striking  and  perceptible  to  the  naked  eye  than 
when  seen  tlirough  our  comparatively  hazy  at- 
mosphere, lu  this  respect  then,  as  well  as  in 
several  others,  the  declaration  of  the  inspired 
writer  is  literally  true,  that  "  one  star  diff^reth 
from  another  stur  in  glory."  IMilton,  in  the  eighth 
book  of  his  "  Paradise  Lost,"  utters  a  sentiment 
on  this  subject  which  seems  to  be  almost  pro- 
phetic, when  he  represents  Raphael  in  his  address 
to  Adam  as  saying — 

"  Other  snns,  perhaps, 
VA'ith  their  attendant  moons  thou  wilt  descrj', 
Communicating  male  and  female  light. 
Which  two  great  sexes  animate  the  worlJ, 
Stored  in  each  orb,  perhaps,  witli  some  that  live." 

In  these  phenomena  we  have  another  proof  of 
the  infinite  variety  which  the  Creator  lias  intro- 
duced into  tile  systems  of  the  universe — a  variety 
ill  regard  ioculor  as  well  as  to  magnitude,  motion  '■ 
and  other  arrangements, — which  leads  us  to  con- 
clude that  although  we  were  permitted  to  make 
the  tour  of  universal  nature,  we  should  meet  with 
110  worlds,  or  systems  of  worlds,  in  which  the 
scenery  and  arrangements  are  exactly  the  same, 
but  that  each  would  display  its  own  peculiar  har- 
monies, beauties,  and  sublimities,  and  the  enrap- 
tured spectator,  at  every  stage  of  his  excursion, 
would  behold  a  new  manifestation  of  "  the  mani- 
fold wisdom  of  God." 

It  would  be  an  important  and  interesting  acqui- 
sition in  astronomy  could  we  determine  exactly, 
or  even  to  a  near  approximation,  the  distances  of 
any  of  these  binary  systems,  and  the  actual  di- 
tnensions  of  the  orbits  of  the  revolving  stars.  It 
appears  from  what  has  been  formerly  stated  (pp. 
Si,  32,)  that  the  parallax,  and  consequently  the 
distance,  of  6},  Cyy-ni  has  been  determined  by 
Professor  Bessel.  Now  this  is  a  double  star,  or 
binary  system,  ana  one  of  the  stars  is  found  to 
have  an  annular  angular  motion  of  about  two- 
tliirus  of  a  degree;  from  which  it  is  inferred  that 
the  period  of  its  revolution  may  be  about  540 
years,  and  that  the  semi-major  axis  of  its  orbit  is 
Seen  under  an  angle  of  more  than  15".  Were 
these  and  other  correlative  points  accurately  set- 
tled, we  might  soon  determine  to  a  near  approxi- 
mation the  extent  of  its  orbit,  the  space  through 
which  it  moves  in  the  course  of  a  revolution,  and 
consequently  its  rate  of  velocitv;  but  as  the  mo- 
tion of  revolution  of  this  star  is  so  extremely 
slow,  a  considerable  period  of  years  may  elapse 
until  all  the  elements  of  its  orbit  be  accurately 
ascertained. 

A  few  years  ago,  a  method  was  pointed  out  by 
M.  Savory,  a  French  Astronomer,  by  which  the 
dimensions  of  the  orbit  of  a  revolving  star  might 
be  determined.  This  method  depends  upon  the 
fact  that  light  moves  with  a  certain  known  rate 
of  velocity.  Suppose  that  one  of  the  double  stars 
moves  round  another  in  an  orbit  which  is  nearly 
parallel  to  our  line  of  vision,  it  is  evident  that  the 
one  half  of  its  orbit  will  be  nearer  to  us  than  the 
other,  and  that  at  the  most  distant  point  of  its 
course  the  star  will  be  removed  from  us  to  a  dis- 


tance equal,  or  nearly  equal,  to  the  whole  diam- 
eter of  its  orbit  farther  than  when  at  the  point 
which  is  nearest  the  earth.  As  the  light  which 
proceeds  from  the  star  takes  a  certain  time  iii 
moving  across  the  inten^al  which  separates  ua 
from  that  body  before  it  reach  our  eye,  we  must 
necessarily  see  the  star  in  a  point  of  its  orbit  tiif- 
ferent  from  that  iu  which  it  is  actually  pliiced. 
Let  S  (fig.  33)  represent  the  central  star,  E  tlie 
earth,  and  H  F  K  G  the  orbit  of  the  revolving 
star.  When  the  star  is  at  H  it  is  nearest  the 
earth;  and  when  at  A'  it  is  farther  distant  oy  the 
whole  diameter  of  its  orbit.  Now,  when  tlie  star 
proceeds  from  H,  the  nearest  point  of  its  orbit,  its 
light  will  take  a  longer  period  to  reach  the  earth 
ill  proportion  as  it  moves  on  in  its  course  trom 
H  to  G  and  from  G  to  K,  and  consequently  will 
appear  to  take  a  longer  time  than  in  reality  it  does 
in  moving  along  that  portion  of  its  orbit;  but  in 
returning  through  the  other  half  of  its  orbit,  Tf 
F  H  ,  it  will  appear  to  pass  through  it  in  a  less 
space  of  time  than  it  actually  does,  since  the  light 
which  proceeds  from  it  takes  less  and  less  time  to 
reach  our  eye  as  it  approaches  in  its  course 
toward  F  and  H.  If,  therefore,  we  could  accu- 
rately determine  the  difference  of  time  between 
these  two  half  revolutions  of  the  star,  we  should 
have  data  sutficient  for  determining,  to  a  near 
approximation,  the  dimensions  of  the  orbit  in 
miles,  or  other  known  measures;  and  having 
found  these  dimensions,  the  distance  of  the  star 
from  the  earth  could  likewise  be  found  by  aa 
easy  trigonometrical  calculation. 

This  method  of  find- 
ing the  dimensions  of 
binary  systems  is  en- 
titled to  the  praise  of 
ingenuity;  but  it  will 
be  difficult,  in  many 
instances,  to  put  it  in 
practice.  Its  accura- 
cy will  depend  upon 
our  knowing  the  pOb'^- 
tion  of  the  orbit  with 
regard  to  our  eye,  and 
our  ascertaining  exact- 
ly when  the  star  is  in 
H  or  at  A',  or  the  two 
opposite  points  of  its 
orbit.  Beside,  a  very 
long  time  must  inter- 
vene before  observa- 
tions of  this  kind  can 
be  completed,  siuoe 
most  of  the  periods 
that  have  been  determined  in  regard  to  doubia 
stars  extend  to  several  hundreds  of  years,  and  the 
shortest  period  yet  known  of  any  of  these  revolv- 
ing bodies  is  above  thirty  years.  It  is  generally 
taken  for  granted,  by  those  who  have  adverted  to 
this  subject,  that  the  distance  between  the  revolv- 
ing and  the  central  star  is  as  great,  or  nearly  aa 
great,  as  that  which  intervenes  between  us  and 
the  nearest  star;  and  hence,  in  their  illustration  of 
this  point,  they  have  supposed  light  to  take  at 
least  one  year  in  crossing  the  orbit  of  a  revolving 
star,  which  of  course  would  make  the  diameter  of 
such  an  orbit  above  six  hillions  of  miles.  But 
there  appears  no  reason  for  forming  such  extrava- 
gant suppositions,  as  in  such  a  case  the  binary 
stars  could  scarcely  be  supposed  to  have  an  in- 
timate  connection.  We  might  almost  as  soon 
suppose  that  the  star  Sirius  might  revolve  around 
our  sun,  or  the  sun  around  Sirius.  It  is  not 
likely  that  the  double  stars  iu  general  are  much 
farther   from   each  other    than    the  distance   I 
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formerly  supposed;  namely,  200,000,000,000,  and 
consequently  the  diameter  of  tlieir  orbits  about 
400,000,000^000,  of  miles.  Throujrh  this  sp;icu 
light  would  pass  in  the  course  of  24  days  and  2~^ 
hours;  and  therefore  it  would  require  very  accu- 
rate deterniiiuitlons  indeed  of  the  points  //  and  K, 
or  the  nearest  and  remotest  points  of  the  orbits, 
before  any  precise  conclusions  could  be  deduced, 
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if  the  stars  be  not  farther  distant  than  I  have  sup- 
posed, and  it  is  perhaps  as  probable  that  they  aro 
considerably  within  that  distance.  It  is  not  im- 
probable, however,  that  tiie  dimensions  of  the 
orbits  of  some  of  those  stars  whcise  perioils  are 
shortest  may  in  this  way  be  deteruiiued;  but  a 
considerable  i)eriod  must  elapse  before  tb'i  requisite 
operations  can  be  made. 


CHAPTER    IX 


ON   TREBLE,   QUADRUPLE,   AND    MULTIPLE   STARS. 


Beside  the  combinationg  of  double  stars  des- 
cribed in  the  preceding  chapter,  treble,  quadruple, 
and  multiple  stars  have  been  discovered,  many  of 
which  appear  to  be  ultimately  connected,  and  to 
be  formed  into  regular  systems,  whose  motions 
and  phenomena  must  of  course  be  more  diversi- 
fied and  complicated  than  those  of  binary  systems. 
Without  entering  into  particular  discussions  on 
this  subject,  I  shall  present  to  the  reader  only  two 
or  three  general  remarks,  with  a  short  list  of 
some  of  the  treble  and  multiple  stars  to  which  I 
allude. 

The  more  profound  and  minute  our  investiga- 
tions are  into  the  sceneiy  of  the  heavens  the 
more  do  we  discover  of  the  endlessly  div  ';ed 
modes  by  which  the  system  of  uuivers?  ,iture 
is  arranged  and  conducted,  and  the  rv  clearly 
do  we  perceive  a  display  of  the  inf  .te  wisdom 
and  intelligence  of  its  Almighty  ^lUthor.  Who 
could  have  previously  conceived  ol  one  sun  and 
system  revolving  round  anothei,  had  not  recent 
observations  demonstrated  !  .e  astonishing  fact? 
As  one  discovery  naturally  ' axda  to  another,  so 
the  facts  which  have  already  been  ascertained 
may  lead  to  discoveries  in  future  generations  still 
more  wonderful  and  sublime  than  those  which 
have  hitherto  been  brought  to  light.  The  discov- 
ery of  binary  systems  leads  to  the  conclusion 
that  almost  all  the  close  groups,  or  clustering 
stars,  visible  to  the  naked  eye  or  descried  by  tel- 
escopes, are  multiple  systems,  or  suns  and  planet- 
ary worlds  linked   together  by  a  universal  law  or 
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pnnciple,  acting  in  different  modes,  and  producing 
an  immense  variety  of  physical  phenomena  and 
effects.  Guided  by  principles  and  facts  recently 
brought  to  light,  astronomers  have  only  to  direct 


their  attention  more  particularly  to  such  objects, 
to  watcli  with  care  the  slightest  movements  in  the 
sidereal  heavens,  and  take  their  measurements  of 
distances  and  angular  positions  with  the  utmost 
precision;  and  then  we  may  expect  that  succeed- 
ing generations  will  have  unfolded  to  their  view 
a  more  sublime  and  comprehensive  prospect  of 
the  arrangements  of  the  universe. 

In  certain  cases  it  has  already  been  ascertained 
that  treble  stars  form  one  connected  system.  The 
star  marked  <J  Cancri  is  a  treble  star  of  this  de- 
scription. Two  of  the  stars  are  considerably  un- 
equal; the  largest  of  these  is  larger  than  the  single 
star,  and  the  least  of  the  two  is  less  than  the  single 
star.  The  first  and  second  largest,  as  described  by 
Sir  W.  Herschel,  are  pretty  unequal,  and  the  se- 
cond and  third  pretty  unequal.  Tlie  nearest  are 
pale  red.  They  require  very  favorable  circum- 
stances to  be  distinctly  seen;  they  are  just  separa- 
ted by  a  power  of  227,  and  with  4G0  their  distance 
is  }';^  the  diameter  of  the  smaller  one.  This  is 
considered  a  case  in  which  three  suns  revolve 
around  a  common  center.  Observation  has  not 
yet  afforded  a  sufficient  data  for  determining  the 
particular  motions  or  arrangements  of  such  com- 
plex systems;  but  we  may  conceive  them  as  ar- 
ranged in  a  manner  somewhat  similar  to  what  we 
have  delineated  in  fig.  34,  where  the  point  C  may 
represent  the  common  center  of  gravity  around 
which  the  three  bodies  revolve.  The  circles  A  B, 
D  E,  F  G,  represent  the  orbits  of  the  revolving 
bodies,  which  may  be  conceived  as  lying  in  differ- 
ent planes  oblique  to  each  other,  to  prevent  any 
occasional  collision  or  too  near  an  approach. 


A  quadruple  system  may  be  represented  by  fig. 
35,  where  C  is  the  center  of  gravity  round  wnksh 
the  four  bodies  revolve,  and  the  circles  a  a  a  a, 
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b  b  b  b.  Sec,  the  respective  orbits  in  which  they 
move.  The  star  t  Lyrje  is  probably  a  system  of 
this  kind.  It  is  a  star  of  the  fifth  magnitude, 
situated  about  two  degrees  north-east  from  the 
bright  star  Vega,  or  «  Lyraj.  Tiie  stars  of  which 
it  is  composed  are  easily  distiiiguisliable  by  a  tele- 
scope of  moderate  power,  and  it  is  easily  found 
from  its  vicinity  to  the  very  bright  star  adjacent 
to  it.  The  small  stars  of  which  it  is  composed 
are  situated  nearly  as  represented  in  fig.  36.  We 
might  conceive  of  such  a  system  of  bodies  re- 
volving in  a  still  more  complex  manner, — the  star 
V  revolving  round  S,  the  star  L'  revolving  round 
7',  the  system  of  Fand  S  revolving  round  a  point 
a,  and  the  system  of  U  and  T  round  the  same 
point  or  center  in  a  separate  but  more  expansive 
orbit.  But  it  is  difficult  to  form  diagrams  of 
such  complex  sys- 


Fig.  36. 


terns. 

There  are  many 
differeiit  combina- 
tions by  which  we 
may  conceive  tre- 
ble, quadruple,  and 
multiple  stars  to 
revolve  round  their 
common  center  of 
gravity,  which  it 
would  be  too  te- 
dious to  describe, 
par  tic  u  larly  as 
such  motions  have 
not  yet  been  accurately  ascertained.  Sir  W. 
Herschel  describes  one  of  these  possible  combina- 
tions which  is  not  a  little  singular.  Suppose  two 
equal  stars,  a  and  6  (fig.  37),  moving  in  a  circular 
"  '  "'  ^    their 
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orbit  round 
common  center  of 
gravity,  which  will 
be  the  center  of  the 
circle.  From  the 
center  of  the  circle, 
draw  a  line  per- 
pendicular to  the 
plane  of  their  or- 
bit, extending  to 
equal  distances  a- 
bove  and  below 
this  center.  Let 
us  now  suppose  a<^;; 
third  star,  c,  to  fall 
from  one  extremi- 
ty of  this  perpen- 
dicular, from  a 
state  of  rest ;  it 
will  obviously  descend  with  a  gradually  accelera- 
ted motion  until  it  reaches  the  center  of  gravity; 
and  passing  onward  with  a  motion  gradually  re- 
tarded, it  will  move  to  the  other  end  of  the  perpendi- 
cular, where  it  will  arrive  at  a  state  of  rest,  and 


and  placing  a  wire  perpendicular  to  it  in  its  center. 
The  ring  will  represent  tlie  plane  of  the  orbit  in 
which  the  two  equal  stars  move,  and  the  perpen- 
dicular wire  the  line  or  course  of  the  third  star 
moving  backward  and  forward  with  dill'erent  de- 
grees of  accelerated  and  retarded  inoliju.  The 
motions  connected  with  quintuple  and  multiple 
stars  must  be  still  more  complex  than  those  to 
which  we  have  adverted;  but  it  is  diffic;ult  in  tha 
meantime  to  form  any  distinct  ideas  on  the  sub- 
ject, until  actual  observation  in  the  course  of 
succeeding  ages  shall  pave  the  way  for  deducing 
definite  conclusions.  The  discoveries  already 
made  open  to  view  new  scenes  of  celestial  mech- 
anism, and  new  views  of  the  diversified  and  ad- 
mirable contrivances  of  Divine  Wisdom,  so  that, 
in  reference  to  such  objects,  we  may  apply  to  tha 
almighty  architect  the  language  of  tlie  sacred 
writer — "How  unsearchable  are  thine  operations 
and  thy  ways  past  finding  out!"  When  we  con- 
sider that  around  each  of  tliese  moving  suns  a 
retinue  of  planets  must  be  supposed  to  wheel  their 
courses,  at  different  distances  and  in  different  pe- 
riods of  time,  we  cannot  but  feel  astonished  at  the 
complexity  of  motions,  perturbations,  and  other 
effects  which  must  necessarily  follow;  yet  we  are 
bound  to  believe  that  everything  moves  onward, 
not  only  without  confusion,  but  in  the  most  per- 
fect order  and  harmony,  for  He  who  at  first  ar- 
ranged the  plan  of  the  material  world,  and  im- 
pressed upon  matter  the  laws  which  now  operate, 
is  possessed  of  boundless  intelligence,  and  foresees 
at  one  glance  all  the  effects  which  those  laws  can 
possibly  produce;  and,  so  far  as  our  observation 
extends,  every  object  and  movement  in  nature 
appears  to  be  adjusted  with  the  most  perfect 
regularity. 

The  solution  of  the  "problem  of  three  bodies" 
was  considered  as  a  work  of  so  great  nicety  and 
difficulty  that  none  but  such  profound  mathema- 
ticians as  Clairant,  D'Alembert,  and  Euler,  could 
undertake  such  a  delicate  and  laborious  investiga- 
tion. This  problem  was,  "to  determine  the  curves 
described  by  three  bodies  projected  from  three 
points  given  in  position,  and  with  velocities  given 
in  quantity  and  direction — the  force  with  which 
they  gravitave  being  directly  as  their  quantities  of 
matter,  and  inversely  as  the  squares  of  their  dis- 
tance." If  the  resolution  of  such  a  problem  re- 
quired so  great  acuteness  of  intellect,  and  so 
eminent  skill  in  the  science  of  analysis,  what 
perspicacity  of  intellect,  and  what  profound  know- 
ledge of  everything  connected  with  physical 
and  mathematical  investigations  must  be  requi- 
site to  determine  tlie  courses  described  and  the 
perturbations  pj'oduced  by  the  complex  motions 
of  five,  six,  or  seven  suns  all  connected  to- 
gether, yet  moving  in  different  curves  and  in  dif- 
ferent directions,  along  with  hundreds  of  planets, 
each  connected  with  its  own  sun  and  pursuing  its 


again  return  and  continue  to  oscillate  between  these  i  own  distinct  course,  yet  acted  upon  in  succession 


two  points  The  two  stars  which  move  in  a  circu- 
lar orbit  may  describe  equal  ellipses  of  any  degree 
of  eccentricity.  In  this  case,  however,  the  per- 
turbations will  affect  not  only  the  planes  of  their 
orbits,  but  also  their  figures;  and  the  length  of  the 
oscillations  of  the  third  will  be  sometimes  increa- 
sed and  diminished. 

A  sun  oscillating  in  a  lino  perpendicular  to  the 
orbit  of  other  two  suns,  and  continuing  its  motion 
for  ages  in  tliat  line,  is  certainly  a  very  strange 
idea;  and  yet,  from  the  variety  we  perceive  in 
the  arrangements  of  the  universe,  it  is  not  at  all 
improbable  that  such  combinations  may  exist 
among  treble  stars.  The  idea  here  intended  to  be 
conveyed  may  be  illustrated  by  suspending  a  ring. 


with  different  degrees  of  force  by  the  attractive 
influence  of  other  suns!  All  our  boasted  powers 
of  analysis  are  completely  incompetent  for  such 
determinations.  The  faculties  of  an  archangel, 
or  of  intelligences  of  a  higher  order  than  that  of 
man,  are  alone  adequate  to  such  investigations; 
and  this  circumstance  affords  a  presumptive  evi- 
dence that  such  superior  intelligences  actually 
exist  in  the  universe,  and  that  man,  in  the  present 
improvement  of  his  powers,  may  be  in  the  act  of 
training  for  the  employments  and  the  society  of 
such  intellectual  beings  in  a  future  scene  of 
existence. 

The  following  brief  list  of  treble  and  multiple 
stars,   selected   chiefly    from    Sir  W.  Herschel's 
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catalogue,  is  given  for  llie  sake  of  those  wlio  may 
be  disposed  to  inspect  tliein  witli  their  telescopes.* 

;t,  or  42  Aries,  in  the  ham,  sixth  magniliuie. — 
The  three  stars,  wliich  are  all  in  a  line,  are  exces- 
sively unequal;  the  largest  is  white,  and  the  two 
Bmallest  are  mere  points.  Willi  a  power  oi'  460, 
the  two  nearest  ai-e  l}.^  diameter  of  the  largest  star. 
The  third  is  about  2.V~  from  the  largest. 

6,  or  4  or  5  Libra. — This  is  a  remarkable  double- 
double  star — or  a  double  star,  each  star  itself  be- 
ing a  double  star.  The  first  set  consists  of  stars 
that  are  considerably  unequal.  The  largest  is 
very  white,  and  the  smallest  reddish.  Tiieir  dis- 
tance with  227  is  one  diameter  of  the  larger  one: 
the  second  set  are  white  and  equal,  the  preceding 
being  rather  the  largest;  their  distance  1^4  di- 
ameter of  either.  The  star  appears  of  the  fourth 
magnitude. 

<r,  or  48  Orion,  a  star  of  the  fourth  magnitude, 
a  little  below  the  loicest  of  the  three  stars  in  the  belt. 
This  is  a  double-treble  star,  or  two  sets  of  treble, 
etars,  almost  similarly  situated.  The  two  nearest 
of  the  preceding  set  are  equal;  the  third  larger, 
and  pretty  unequal  when  compared  with  the 
latter  two'  With  a  power  of  222,  the  distance 
of  the  two  nearest  is  two  diameters  of  either. 
The  two  nearest  of  the  following  set  are  very- 
unequal.  The  largest  of  the  two  and  the  farthest 
are  considerably  unequal,  the  largest  being  white 
and  the  smallest  bluish.  With  a  power  of  222, 
their  distance  is  about  ^}-.2  diameters  of  the 
largest.  The  distance  of  the  two  farthest  is  43". 
Right  ascension,  5h.  30';  south  declination,  2°  43'. 

6,  or  41  Orion,  the  small  telescopic  trapezium  in 
the  nebula.  Right  ascension,  51i.  26';  south  dec, 
5<^  32'.  The  stars  composing  this  quadruple  star 
are  considerably  unequal.  The  most  southern 
star  of  the  following  side  of  the  trapezium  is  the 
largest;  and  the  star  in  the  opposite  corner  is  the 
smallest,  the  other  two  being  nearly  equal.  The 
largest  is  pale  red;  the  star  preceding  the  largest 
inclined  to  garnet;  and  the  star  opposite  the 
largest,  dusky.  Distance  of  the  two  stars  in  the 
preceding  side,  8^4  seconds;  in  the  southern  side, 
123;^  seconds;  in  the  following  side.  15  seconds; 
and  in  the  northern  side,  20  seconds.  The  first  star 
(in  right  ascension)  is  of  the  seventh  magnitude, 
the  second  of  the  eighth  magnitude,  the  third  of 
the  fifth  magnitude,  and  the  fourth  of  the  sixth 
or  seventh  magnitude.  M.  Struve  found  the  angles 
of  position,  in  lbl9,  to  be  as  follows — 


3d  and  4th: 
29°  45'  north  following 

1st  and  2d: 
583  8'  north  fol. 


2d  and  4tb: 
SI-*  0'  noi Ui  pre 


1st  and  ad: 
45''  9'  north  preceding. 

2(1  and  3d: 
74-  0'  north  pre. 


44  Orion  preceding  the  two  i's,  or  helmo  1,  2, 
6 — of  the  third  or  fourth  magnitude.  The  pre- 
ceding set  of  this  double-triple  star  consists  of 
three  equal  stars,  forming  a  triangle,  and  are  all 
dusky.  The  distance  of  the  two  nearest  with 
a  power  of  227  is  about  3  diam.  The  following 
Bet  consists  of  three  stars  of  dilTerent  sizes,  form- 
ing a  circle.  The  middle  star  is  the  largest;  the 
one  to  the  south  is  pretty  large;  and  the  third  is 
very  small.  The  two  largest  are  white,  and  the 
smallest  pale  red.  Distance  .'iGli'".  These  stars 
are  east  by  north  from  the  briglit  star  Rigel,  at 
the  distance  of  about  5". 

12  Lynx,  below  the  eye;  about  18°  or  19°  north- 
east of  Capella  and  \%^  north  of  C  Auriga.     The 

*  As  the  following  and  similar  lists  are  inserted  for  the 
purpose  of  reference  to  amateur  oh^erve's,  the  general 
reailer,  if  he  think  proper,  may  pass  ovei  such  lists  and 
lles3(iptien3. 


two  nearest  of  this  curious  treble  star  are  pretty 
unequal.  The  larger  is  white,  and  the  siuullei 
white  inclining  to  arose  color.  With  a  power  of 
227  their  distance  is  },:,  the  diameter  of  the  smallei 
one.  'J'iie  iJrst  ;uid  third  are  considerably  une- 
qual; the  second  and  third  pretty  unequal;  the 
color  of  the  third  being  ])ale  red,  and  its  uistunce 
from  the  first  9". 

■^,or  51  Libra;  of  the  fourth  or  fifth  magnitude 
Tills  star  appear^  at  first  double,  but  lliu  larger  of 
the  two  will  be  found  to  consist  of  two  stars. 
They  are  nearly  unequal,  and  both  white.  With 
a  power  of  4GIJ  their  distance  is  3^  the  diameter 
of  the  larger. 

^4°  soiiih  of  58  AurigcB,  in  a  line  parallel  to  /8 
and  a,  south-east  of  the  bright  star  Capella.  This 
is  a  cluster  of  stars  containing  a  double  star  of 
the  second  class  and  one  of  the  third.  The  two 
of  the  second  are  very  unequal,  and  both  red. 
Their  distance  with  400  is  2)2  diameters  of  the 
larger.  Those  of  the  third  class  are  equal,  and 
both  red.  Distance,  17".  Above  20  stars  are  in 
view  with  a  power  of  227. 

A  large  star  1°  preceding  ^  toward  41  of  the 
Swan.  The  two  nearest  are'  extremely  unequal. 
The  largest  is  white,  and  the  smallest  pale  red. 
Their  distance  with  460  is  2}^  diameters  of  the 
largest  The  third  and  the  largest  are  extremely 
unequal,  and  belong  to  the  fifth  or  sixth  class. 

South  preceding  27  Swan,  the  middle  of  three,  tJte 
7nost  southern  of  which  is  the  27.  This  star  ia 
quadruple  and  sextuple.  In  the  quadruple  of 
north  preceding  set,  the  two  nearest  are  very  une- 
qual. Their  distance  with  678  is  11".  Tlie  two 
largest  are  almost  equal,  and  both  red.  Distance, 
29)0".  In  the  sextuple  or  south  following  set, 
thelwo  largest  are  pretty  unequal,  and  both  red. 
Their  distance  is  19". — The  other  stars  are  aa 
small  as  the  smallest  of  the  quadruple  set. 

^3°  north  preceding  H  Gemini  (of  the  fifth 
magnitude),  in  a  line  parallel  to  the  65  Grinn  (in 
the  club,  and  of  the  fifth  magniiude),  and  ^  Tau- 
rus, the  middle  of  the  three.  The  stars  in  thja 
quintuple  star  are  in  the  farm  of  a  cross.  The 
two  nearest,  or  the  preceding  of  the  five,  are 
extremely  unequal.  Distance  29i4".  There  is  a 
very  obscure  star  of  the  third  class  near  the  last 
of  the  three,  in  the  obscure  star  of  the  cross 
Other  five  stars  are  dispersed  about  the  quin- 
tuj)le  one. 

Between  0  and  ^  Dolphin,  but  nearer  to  H.  All 
the  three  stars  are  whitish  red,  and  nearly  equal. 
Distance  of  the  two  nearest  witli  a  power  of  278, 
21  >^". 

Near  27  Cepheus,  near  S.  The  distance  of  the 
two  nearest  of  this  treble  star  is  about  20". 

/2,  or  10  Lyra  (of  the  third  magnitude,  and 
about  70  south-east  of  the  blight  star  Vega).  The 
stars  of  tills  quadruple  star  are  all  white,  the 
second,  third,  and  fourth,  inclining  to  red.  The 
first  and  second  are  considerably  unequal;  the 
first  and  third  very  unequal;  and  the  first  and  fourth 
unequal.     Distance  of  the  first  and  second,  41". 

C,  or  78  Gemini  (Pollux).  The  stars  of  this 
multiple  star  are  extremely  unequal.  The  nearest 
distance  is  1'  57";  the  next  distance  is  3   17." 

In  the  Unicorn's  head.  This  multiple  star  con- 
sists of  one  star  with  about  twelve  around  iU 
Hj'^  west  of  Procyon. 

(?,  or  16  Cancer.  This  very  minute  treble  star 
reouires  very  favorable  circumstances  to  be  dis- 
tinctly seen.  The  two  stars  of  which  the  pre- 
ceding one  consists  are  considerably  unequal. 
The  largest  of  these  is  larger  than  the  single  star, 
and  the  least  of  the  two  is  less  than  the  single 
star.     The  first  and   second   largest  and  pretty 
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unequal,  and  tho  second  and  tliird  pretly  unequal. 
The  two  nearost  are  pale  red.  'i'hey  are  just 
separated  vvilh  a  power  of  278,  and  vvitli  4G'J  their 
distance  is^  /^  tho  diameter  of  tlie  smaller  one. 
Zeta  Caneri  i^  situated  about  12  or  13  degrees 
south-east  of  Pollux,  nearly  in  a  line  parallel  to 
that  which  joins  Castor  and  Pollux,  and  nearly 
the  same  distance  north  b}'  east  from  Procyon. 
It  appears  as  a  star  of  the  fifth  or  sixth  magni- 
tude, and  is  sometimes  distinguished  by  the  name 
of  Te/miiie.  As  a  double  star  it  is  easily  distin- 
guished by  a  power  of  140,  with  a  3}^  feel  achro- 
matic telescope,  whose  aperture  is  2^^  inches, 
and  n;i;;ht  perhaps  be  seen  with  a  power  of  100. 
Kilt  it  requires  a  much  higher  power  to  distinguish 
it  as  a  treble  star. 


Must  of  the  abovd  stars  may  be  found- by  con- 
sulting laige  planispheres  of  tiie  lieuvens,  or  a 
common  celestial  globe.  To  f;iciiit:ite  ihe  luiding 
out  of  their  positions,  I  have  inseiti'd  in  tlie  abovo 
list  some  special  directions,  wnich  may  perhaps 
be  of  use  to  the  astronomical  tyro  who  is  fur- 
nished with  a  moderately  good  telescope.  It  is 
to  be  regretted  that,  even  on  .some  of  our  latest 
18-inch  celestial  globes,  several  of  the  st  irs  abovo 
referred  to  are  not  distinctly  marked,  eitlier  with 
their  number  or  with  the  Greek  letters  by  which 
they  are  generally  distinguished,  ami  some  of 
them  are  altogether  omitted;  such,  for  instance, 
as  the  celebrated  star  Gl  Cijyni,  whicli  is  a  double 
star,  and  whose  proper  motion  is  greater  than  that 
of  any  other  star  yet  discovered  in  the  heavens. 


CHAPTER  X. 


ON    THE    MILKY    WAY. 


As  we  advance  in  our  survey  of  the  distant 
regions  of  the  universe,  the  astonishing  grauiieur 
and  extent  of  the  sidereal  heavens  gradnallj-  0[)ens 
to  our  view.  We  have  hitherto  considered  onlv 
a  few  objects  on  the  outskirts  of  the  heavens,  in 
respect  to  their  distance,  magnitude,  and  tlie 
wonderful  complication  of  systematic  motions 
which  prevails  among  tliem.  Had  we  no  otiier 
objects  to  engage  our  attention,  ages  might  be 
spent  in  contemplating  and  admiring  the  economy 
and  magnificence  of  those  starry  groups  which 
appear  to  the  unaided  eye  on  the  nearer  .boundary 
of  our  firmament.  Rut  all  that  is  visible  to  man's 
unassisted  vision  is  as  nothing  when  compared 
with  the  immensity  of  august  and  splendid  objects 
which  stretcli  themselves  in  boundless  perspeclii-e 
toward  infinity.  The  discoveries  of  rno Jem 
astronomy  have  enlarged  the  sphere  of  our  con- 
ceptions far  beyond  what  could  formerly  have 
been  surmised,  and  opened  to  view  a  universe 
boundless  as  its  Creator,  where  human  imagina- 
tion is  lost  and  confounded,  and  in  which  man 
appears  like  a  nn're  microscopic  animalculum, 
and  his  whole  habitation  as  a  [larticle  oi  vapor 
when  compared  to  the  ocean.  In  contem|dating 
the  visible  tirmament  witli  tlie  unassisted  eye,  we 
behold  only  the  mere  portals,  as  it  were,  vidiich 
lead  to  the  interior  recesses  of  the  vast  Temple  of 
Creation.  When  we  direct  our  views  beyond 
these  outer  portals,  by  means  of  the  most  power- 
ful telescopes,  we  obtain  a  view  of  some  of  its 
more  mugiiiticent  porches,  and  a  faint  glimpse  of 
those  splendid  apartments  which  we  shrdl  never 
be  able  to  explore,  but  which  lead  us  to  form  the 
most  august  conceptions  of  the  extent  and  gran- 
deur of  what  is  concealed  from  our  view.  In 
entering  this  Temple,  "not  made  with  hands," 
the  splendor  of  its  decorations,  the  ani])!itnde  of 
its  scale,  and  the  awfuliiess  of  infinitude,  forcibly 
strike  tlie  imagination.  There  is  sufficient  to 
awaken  into  exercise  all  the  powers  and  feelings 
of  devotion,  and  to  excite  us  to  fall  down  in 
humility  and  adoration  before  Him  whose  word 
spoke  into  existence  this  astonishing  fabric,  and 
"whose  kingdom  ruleth  over  all."  These  reflec- 
tions may  not  appear  altogether  inappropriate 
wbsii  entering  upon  a  description  of  tlie  Milky 


Way,  wliich  contains  objects  calculated  to  excita 
our  highest  admiration. 

When  we  take  a  general  view  of  the  heavens 
about  the  months  of  August,  September,  and  Oc- 
tober, and  during  the  winter  months,  we  cannot 
fail  observing  a  large,  irregular,  whitish  zone 
stretching  across  tlie  sky,  with  a  few  interrup- 
tions, from  one  end  of  the  firmament  to  another. 
This  miglity  zone,  thus  stretching  itself  around 
us,  is  sometimes  termed  the  galaxy,  sometimes 
the  Via  Lac.'ea,  but  mure  frequently,  in  plain 
English,  the  Milky  Way,  from  its  resemblance  to 
the  whiteness  of  milk.  This  luminous  band  is 
visible  to  every  observer,  and  is  the  only  real  and 
sensible  circle  in  tlie  heavens.  WMien  traced 
throughout  its  different  directions,  it  is  found  to 
encircle  the  whole  sphere  of  tiie  heavens,  though 
ill  some  parts  of  its  course  it  is  broader  and  nioi-e 
brilliant  than  in  others.  It  forms  nearly  a  great 
circle  of  the  sphere,  but  it  coincides  neither  with 
our  equator,  ecliptic,  nor  colures,  nor  with  any 
other  artificial  circles  which  we  conceive  as 
drawn  around  the  firmament.  In  all  ages,  so  far 
as  we  know,  this  wonderful  zouo  has  retained  the 
same  position  among  the  constellations  as  at  the 
present  day;  and  is  frequently  alluded  to  both  by 
the  astronomers  and  the  poets  of  antiquity.  Thus 
Ovid,  on  account  of  its  luster,  represents  it  as 
the  high  road  to  heaven,  or  the  court  of  Jupiter: 

"  A  way  tliere  is  in  heaven's  extendci!  plain, 
Wliiuh  Ml\eii  tlie  skies  are  clear  as  seen  lielow, 
And  mortals  by  tlie  name  of  AUlkjj  know; 
The  groumlwork  is  of  stars,  tlnougli  wliieh  the  road 
Lies  open  to  the  Thumlerer's  abode." 

And,  Milton,  in  his  "Paradise  Lost"  alludes  to  it 
in  these  lines: 

"  A  broad  anil  ample  roail,  whose  dust  is  gold, 
And  [lavement  stars,  as  stars  to  "s  ajipear; 
i^een  in  the  ^'al.axy,  that  .Milky  Way, 
Like  to  a  circling  zone  powdered  with  stars." 

This  zone  may  be  traced  in  the  heavens  as 
follows: — Beginning  near  the  northern  quarter 
of  tlie  heavens,  at  the  head  of  Cepheus,  or  about 
.30°  from  the  north  pole,  we  may  trace  it  thi-ough 
Cassiopeia,  Perseus,  Auriga,  jiart  of  Orion,  aiul 
the  feet  of  Gemini.  At  this  last  point  it  crosses 
the  Zodiac,  and  proceeding  southward  across  the 
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equinoctial  into  tlie  southern  hemisphere,  it  passes 
through  the  Unicorn  and  the  middle  of  tlie  sliip 
Argo,  where  it  is  most  luminous.  It  then  passes 
through  Charles's  Oak,  the  feet  of  the  Centaur, 
the  Cross,  the  Altar,  the  tail  of  Scorpio,  the  how 
of  Sagittarius,  and  a  part  of  Ophiuclius.  Here  it 
separates  into  two  branches  as  it  passes  again 
over  the  Zodiac  into  the  northern  hemisphere. 
One  branch  runs  through  the  tail  of  Scorpio,  the 
bow  of  Sagittarius,  tlie  shield  of  Sobieski,  the 
feet  of  Antinous,  Aqnila,  Delphiuus,  the  Arrow, 
and  the  Swan.  The  other  branch  passes  through 
the  upper  part  of  the  tail  of  Scorpio,  the  side  of 
Serpentarius,  Taurus,  Voniatowski,  the  Goose, 
and  the  neck  of  the  Swan,  where  it  again  unites 
with  the  otiier  branch,  and  passes  on  to  the  head 
of  Ceplieus,  the  place  of  its  beginning.  After 
sending  off  the  two  branches  above-mentioned, 
they  unite  again  after  remaining  separate  for  the 
space  of  more  than  100  degrees.  There  is  anotlier 
small  separation  of  the  Milky  Stream  between 
Cassiopeia  and  Perseus.  The  two  streams  aj^pcar 
to  leave  a  blank  about  the  head  of  Perseus,  and  a 
considerable  space  on  each  side  of  it,  to  the  extent 
of  about  thirty  degrees  in  length,  and  three  in 
breadth,  and  are  again  joined  into  one  stream  in 
the  sword  of  Perseus,  adjacent  to  Cassiopeia.* 

From  the  above  description  it  will  appear  that 
the  form,  breadth,  and  general  appearance  of  tliis 
zone  are  various  in  different  parts  of  its  circuit 
round  the  heavens.  In  some  places  it  appears 
dense  and  luminous,  in  others  faint  and  scattered; 
in  certain  points  it  appears  broad,  and  in  others 
narrow.  Its  breadth  in  some  places,  as  between 
Auriga  and  Perseus,  is  only  about  four  or  five 
degrees;  in  other  places,  as  in  the  southern  parts 
of  Scorpio,  Ara,  and  the  Cross,  its  breadth  is  from 
ten  to  fifteen  or  eighteen  degrees.  It  assumes 
the  appearance  of  a  double  path  from  the  tail  of 
the  Scorpion,  through  tlie  bow  of  Sagittarius, 
Antinous,  Aquila,  Taurus,  Poniatowski,  the  Goose, 
and  part  of  the  Swan.  It  is  more  or  less  visible 
at  every  season  of  the  year;  but  in  Britain  and  in 
other  northern  latitudes  It  is  most  conspicuous 
during  the  months  of  August,  September,  and 
October,  the  latter  part  of  .Inly,  and  the  beginning 
of  November.  About  the  middle  of  August,  at 
nine  o'clock  in  the  evening,  it  may  be  seen 
stretching  in  an  oblique  direction  over  the  hea- 
vens, from  north-east  to  south-west,  and  its  ap- 
parent motion  along  the  heavens  may  be  traced  i 
along  with  that  of  the  other  constellations.  At 
other  seasons  of  the  year,  and  at  other  hours  of 
the  night,  its  position  and  form  will  appear  .some- 
what different.  It  appears  most  brilliant  in  tiie 
southern  hemisphere,  particularly  in  the  neigh- 1 
borhood  of  Argo,  Ara,  and  the  splendid  constella-  ! 
tion  of  the  Cross.  Between  the  tropics,  where  ' 
the  atmosphi-re  is  clear  and  serene,  it  ajjpears ' 
most  vivid  and  brilliant.  Mr.  Brydon  informs  us 
that,  from  the  top  of  Etna,  it  appeared  "  like  a 
pure  flame  that  shot  across  the  heavens." 

The  ancients  seem  to  have  conjectured  that  the 
whiteness  of  this  zone  was  owing  to  a  confluence 
of  stars;  for  Ovid,  in  the  lines  above  quoted-  savs 
"Its  groundwork  is  of  stars."  Soon  after  the  in- 
vention of  the  telescope  this  conjecture  was  con- 
firmed, and  astronomers  were  astonished  at  the 
number  of  stars  which  appeared  in  this  bright 
zone  of  the  heavens;  and  their  number  appeared 
to  be  increased  in  proportion  to  the  magnifying 
powers  of  their  telescopes.  But  it  was  not  before 
Sir  W.  Herscksl  applied  his  powerful  instruments 
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to  this  region  of  the  heavens  tliat  its  profundities 
were  explored,  and  all  its  minute  nebulous  parts 
shown  to  consist  of  countless  myriads  of  stars,  of 
every  apparent  magnitude,  stretchiiig  onward  to 
the  regions  of  intniity,  until  they  appeared  to  be 
lost  to  the  view,  even  when  assisted  by  the  largest 
telescopes.  On  first  presenting  telescopes  of  con- 
siderable i)Ower  to  this  spleatiid'  zone,  we  are  lost 
in  amazement  at  the  number,  the  variety,  and  Iha 
beautiful  configurations  of  the  stars  of  which  it 
is  composed.  In  certain  parts  of  it  every  slight 
motion  of  the  telescope  presents  new  groups  and 
new  configurations,  and  the  new  and  wondroua 
scene  is  continued  over  a  space  of  many  degrees 
in  succession.  In  several  fields  of  view,  occupy- 
ing a  space  not  much  more  than  twice  the  breadth 
o(  the  moon,  you  perceive  more  of  these  twink- 
ling luminaries  than  all  the  stars  visible  to  the 
naked  eye  throughout  the  whole  canopy  of 
heaven.  You  seem  to  penetrate,  as  it  were,  to 
the  remoter  boundaries  of  creation,  and  feel  be- 
wildered and  lost  amidst  the  immensity  of  the 
universe.  I  have  never  been  inspired  with  higher 
ideas  of  grandeur  and  sublimity,  nor  felt  deeper 
emotions  of  humility  and  reverence,  than  when 
occasionally  contemplating  this  stupendous  scene 
through  telescopes  of  considerable  brilliancy  and 
power.  There  is  not  another  scene  in  creation, 
open  to  the  view  of  mortals,  calculated  to  fill  the 
soul  with  more  august  conceptions,  or  to  in.spire 
it  with  more  profound  admiration  and  awe.  In 
such  surveys  we  behold  "  now  heavens "  and 
other  firmaments  rising  to  view,  whose  distances 
baffle  the  utmost  stretch  of  imagination. 

"  O  what  a  confluence  of  ethereal  fire  ( 

From  suns  unnumbered  down  the  steep  of  heaven 
Streams  to  a  point  and  centers  on  my  sight." 

The  following  contains  a  brief  summaiy  of 
Sir  W.  Her.schel's  observations  on  this  region  of 
the  heavens,  made  with  a  Newtonian  refiecting 
telescope  of  twenty  feet  focal  length  and  an  ap- 
erture of  eighteen  inches.  He  found  that  this- 
instrument  completely  resolved  all  the  whitish 
appearances  into  stars,  which  the  telescopos  ho 
formerly  used  had  not  light  enough  to  do.  The 
portion  he  first  observed  was  that  about  the  hand 
and  club  of  Orion,  and  he  found  in  tins  space  an 
astonishing  number  of  stars,  whose  number  he 
endeavored  to  estimate  by  counting  many Ji elds, 
that  is,  the  apparent  space  in  the  heavens  he  could 
see  at  once  through  his  telescope,  and  computing 
iVom  a  mean  of  these  how  many  may  be  contained 
in  u  given  portion  of  the  niilky  way.  In  the 
most  vacant  place  to  be  met  with  in  that  neigii- 
borhood  he  found  (J.j  stars;  other  six  fit-Ids  cou- 
taineii  110,  60,  70,  90,  70,  and  74  stars,  a  mean  of 
all  which  gave  7'J  for  the  number  of  stars  t- 
each  field;  and  then  he  found  that,  by  allowing 
fifteen  minutes  for  the  dimictor  of  liis  field  of 
view,  a  belt  of  fifteen  degrees  long  and  two  broad, 
wiiicli  he  had  often  seen  pass  througii  his  teles- 
cope in  an  hour's  time,  could  not  contain  less 
than  50,000  stars,  large  enough  to  be  distinctly 
numbered;  bfside  which  he  suspected  twice  as 
many  more,  which  could  be  seen  only  now  and 
then,  by  faint  glimpses,  fi)r  want  of  sufficient 
light.  The  reader  may  acquire  some  conceptions 
of  this  immense  number  of  stars  occujiying  so 
small  a  spaci"',  if  he  consider  that  it  is  filty  times 
more  than  all  the  stars  which  the  naked  eye  can 
discern  atone  lime  throughout  the  whole  heavens, 
and  that  the  space  tliey  occupy  is  only  the 
l-i:^7.">tli  part  of  the  visible  canopy  of  the  heavens; 
so  that  if  every  part  of  the  firmament  were  equally 
rich  in  stars,  there  would  be  wi.hin  the  reach  of 
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«uch  a  telescope  as  Herschel's  no  less  than  68,- 
750,000,  or  sixty-eight  niiUions,  seven  hundred 
and  fifty  thousand  stars.  And  we  are  furtlier  to 
consider  that  it  was  only  in  the  comparatively 
"vacant  places  "  of  this  zone  that  the  number  of 
stars  above  stated  were  [)erceived. 

In  *onie  of  his  observations  of  other  parts  of 
this  zone,  Sir  W.  llerschel  informs  us  that  he 
descried  a  much  greater  number  of  these  lumin- 
aries in  a  similar  extent  of  space.  "  In  the  most 
crowded  parts  of  the  I\Iilky  Way,"  lie  says,  "I 
have  had  fields  of  view  that  contained  no  fewer 
than  588  stars,  and  these  were  continued  for  many 
minutes,  so  that  in  one  quarter  of  an  hour's  time 
there  passed  no  less  than  116,000  stars  through 
the  field  of  view  of  mj'  telescope."  In  order  to 
appreciate  this  description,  we  are  to  suppose  the 
telescope  to  have  been  fixed  in  one  position  at  the 
time  of  observation,  and  that  by  the  diurnal  mo- 
tion of  the  earth,  or  the  apparent  motion  of  the 
heavens,  the  first  field  of  stars  was  gradually  car- 
ried out  of  view,  and  other  fields  appeared  in 
succession,  until,  in  the  space  of  fifteen  minutes 
of  time  one  hundred  and  sixteen  thousand  stars 
passed  over  the  field  of  vision.  Now,  the  field  of 
view  taken  in  by  the  telescope  was  only  15'  of  a 
degree,  a  space  which  is  less  than  the  one-fourth 
part  of  the  apparent  size  of  the  moon.  In  this 
narrow  field  were  seen  about  as  many  stars  as  are 
generally  beheld  throughout  the  whole  sky  by  the 
naked  eye  in  a  clear  winter's  night;  for  although 
nearly  a  thousand  stars  might  be  seen  by  a  very 
acute  eye  in  a  clear  atmosphere,  yet  there  are  few 
persons  that  in  our  climate  could  distinctly  recog- 
nize above  600  or  700  stars  even  in  a  clear  night. 
At  another  time,  this  indefatigable  astronomer 
perceived  no  less  than  two  hundred  and  fifty-eight 
thousand  stars  pass  before  his  view  in  the  course 
of  forty-one  minutes.  In  the  space  between  C 
and  J'  of  the  Swan,  the  stars  are  found  clustering 
with  a  kind  of  division  between  them,  so  that  they 
may  be  considered  as  clustering  toward  two  dif- 
ferent regions.  In  this  space,  taking  an  average 
breadth  of  about  five  degrees  of  it,  he  found  from 
observation  that  it  contains  more  than  331,000 
stars,  which  gives  above  one  hundred  and  sixty- 
five  thousand  for  each  clustering  collection. 

Supposing  the  Milky  Way  to  be,  on  an  average, 
twelve  degrees  broad,  the  whole  of  it  will  contain 
an  area  of  4320  degrees  =  12  X  360.  Now,  if 
the  space  examined  by  llerschel  between  Beta 
and  Gamma  of  the  Swan  be  about  fourteen  de- 
grees in  length  and  five  degrees  in  breadth,  it  will 
contain  an  area  of  seventy  degrees,  v/hich  is 
Bomewiiat  less  than  the  l-61st  part  of  the  space 
occupied  by  the  Milky  Way.  Were  we  to  sup- 
pose every  part  of  this  zone  equally  rich  in  stars 
as  the  space  now  referred  to,  it  will  contain  no 
less  than  20,191,000  stars,  or  more  than  twenty 
thousand  times  the  number  of  those  which  are 
visible  to  the  naked  eye.  The  whole  visible  hea- 
vens, considered  as  a  spherical  plane,  contains  an 
area  of  41,253  degrees.  Now,  could  we  suppos-; 
every  portion  of  the  firmament  to  be  equally  well 
replenished  with  stars  as  the  milky  zone,  there 
would  be  more  than  135,000,000*  of  stars  in  the 
heavens  discernible  by  such  a  telescope  as  Her- 
schel's; but  as  there  are  comparati,vely  few  other  re- 
gions of  the  heavens  so  densely  crowded  with 
stars  as  tiie  Jliiky  Way,  we  must  make  a  certain 
abatement  from  this  estimate,  though  it  is  proba- 
He  there  are  more  than  one  hundred  millions  of 
*'urs  within  the  reach  of   our  best  instruments 
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were  all  the  spaces  of  our  firmament  Ih  -•  ughly 
ex])lored;  and  future  generations,  wilh  mure  [low- 
erful  telescopes,  may  add  indefinitely  to  the  num- 
ber. Had  we  taken  the  most  crowded  field  of 
stars  which  Herschel  perceived  through  his  tele- 
scope (namely,  588)  as  our  standard  for  cslini;:tiiig 
their  number,  the  amount  of  stars  in  the  .Milky 
Way  would  have  been  forty  millions,  and  in  the 
whole  heavens,  388  millions.  In  short,  to  use  the 
words  of  Sir  John  Herscliel — "This  rcinurkablo 
belt,  when  examined  through  powerful  teli'scopes, 
is  found  (wonderful  to  relate!;  to  consist  entirely 
of  stars  scattered  by  millions,  like  glittering  dust, 
on  the  black  ground  of  the  general  heavens." 

In  regard  to  the  distances  of  some  of  these  stars, 
we  may  easily  conceive  that  they  are  immense, 
and  consequently  far  removed  from  our  distinct 
comprehension.  Sir  W.  llerschel,  in  endeavoring 
to  determine  a  '^  sounding  line,''''  as  he  calls  it,  to 
fathom  the  depth  of  the  stratum  of  stars  in  the 
Milky  Way,  endeavors  to  prove,  by  pretty  conclu- 
sive reasoning,  that  his  twenty  feet  telescope 
penetrated  to  a  distance  in  the  profunJity  of  space 
not  less  than  497  times  the  distance  of  Sirius  ;  so 
that  a  stratum  of  starsamounting  to  497  in  thick- 
ness, each  of  them  as  far  distant  beyond  another 
as  the  star  Sirius  is  distant  from  our  sun,  was 
within  the  reach  of  his  vision  when  looking 
through  that  telescope.  Now,  the  least  distance, 
at  which  we  can  conceive  Sirius  to  be  from  the 
earth  or  the  sun  is  20,000,000,000,000,  or  twenty 
billions  of  miles;  and  consequently  the  most  dis- 
tant stars  visible  in  his  telescope  must  be  four 
hundred  and  ninety-seven  times  this  distance,  that 
is,  9,940,000,000,000,000,  or  nearly  ten  thousand 
billions  of  miles!  Of  such  immense  distance,  it 
is  evident  we  can  form  nothing  approaching  to  a 
distinct  conception.  We  can  only  approximate  to 
a  rude  and  imperfect  idea  by  estimating  the  time 
in  which  the  swiftest  bodies  in  nature  would  move 
over  such  vast  spaces.  Light,  which  is  endowed 
with  the  swiftest  degree  of  motion  yet  known, 
and  which  flies  at  the  rate  of  nearly  tv/elve  millions 
of  miles  every  minute,  would  require  one  thousand 
six  hundred  and  forty  years  before  it  could  tra- 
verse the  mighty  interval  stated  above;  and  a  can- 
non ball,  flying  at  the  rate  of  500  miles  an  hour, 
would  occupy  more  than  2,267,855,068,  or  two 
thousand,  two  hundred  and  sixty-seven  millions, 
eight  hundred  thousand  years,  in  passing  through 
the  same  space! — a  period  of  years  before  which 
all  the  duration  that  has  passed  since  man  was 
placed  on  this  globe  appears  only  like  a  few  fleet- 
ing hours,  or  "as  an  handbreadth  or  a  span."* 


*Tlie  celebrated  Scliroeter,  of  Lilienlhal,  was  a  frequent 
observer  of  l!ie  stars  whioh  crowd  the  Milky  V\',-!y.  He 
was  in  tbe  h;ibilof  observing  with  one  of  the  Inrjest  reflect, 
ing  telescopes  to  be  found  in  Europe.  This  telescope  w.ts 
one  of  the  finest  ever  constructed,  and  was  the  workmanship 
of  Professor  Schrader,  of  Kiel.  The  diainelerof  the  specu- 
lum was  about  nineteen  inches;  it  was  about  two  inches  iu 
thickness,  and  toward  the  edgfe  cast  conical,  so  that  the  di- 
ameter of  the  polished  surface  is  almost  a  qnnrter  of  an 
inch  less  than  at  the  back,  which  circumstance  was  consider- 
ed oflhe  greatest  utility  in  the  finishing  and  polishing.  It  had 
a  focus  of  twenty-six  feet,  and,  without  the  frame,  weighed 
eighty  pounds.  The  large  octangular  tube  was  con^tiucted 
with  boards,  made  impenetrable  to  rain;  and  the  instrument 
when  ready  for  use  was  twenty-seven  feet  long.  An  im. 
mense  quantity  of  apparatus  and  machinery  was  ret]uisite 
for  steadying  and  moving  it.  The  figure  of  the  specnimn 
was  so  perfect,  that  it  could  bear  a  power  of  600  or  tO(H) 
times  without  diminishing  the  aperture.  Its  capability  of 
resolving  the  nebulosity  of  the  Milky  Way  seems  to  have 
equaled  that  of  the  telescopes  of  Herschel.  lie  allowed 
twenty  degrees  of  its  length  from  a  Cygni  to  pass  through 
the  field,  and  the  sight  drew  from  him  the  natural  evclama- 
tion,  "  What  Omnipotence  !"  The  power  on  the  telescope 
in  such  observations  was  179,  and  the  diameter  of  the  field, 
fifteen  minutes;  and  the  number  of  stars  it  contained  al 
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IJon;,  then,  let  us  pauf^e  for  a  nioinont,  and 
coiiKidt^r  tli«  august  spectacle  presented  to  view. 
We  behold  a  few  whitish  spaces  in.the  firnuiment, 
almost  ovorlooked  by  a  couunoa  observer  vvJien  he 
casts  u  rude  glance  upon  tlie  evening  sky;  yet  in 
this  apparently  irregular  belt,  which  appears  only 
Mke  an  accideiitLd  tinge  on  (he  face  of  the  firma- 
ment, we  discover,  by  optical  instruments,  what 
appears  to  be  an  amazing  and  boun.Jless  universe. 
We  behold  not  oidy  ten  thousands,  but  millions 
of  spl.'n.iid  suns,  where  not  a  single  orb  can  be 
perceived  by  the  unassisted  eye;  The  distance  at 
which  these  luminous  globes  are  placed  iVom  our 
abode  is  altogether  overwhelming;  even  the  most 
lively  imagination  drops  its  wing  when  attempting 
Us  flight  into  such  unfathomable  regions.  Tiie 
scenes  of  grandeur  and  magnificence  connected 
with  such  august  objects  are  utterly  overwhelm- 
ing to  such  frail  and  limited  beings  as  man,  and 
perhaps  even  more  exalted  orders  of  intelligences 
may  find  it  difficult  to  form  even  an  approximate 
idea  of  objects  so  distant,  so  nun^erous,  and  so 
sublime. 

On  our  first  excursions  into  the  celestial  regions 
we  are  almost  frightened  at  the  idea  of  the  distance 
of  such  a  body  as  Saturn,  which  a  cannon  ball 
projected  from  the  earth,  and  flying  with  its  ut- 
most velocity,  would  not  reach  in  160  years. — 
We  are  astonished  at  the  size  of  such  a  planet  as 
Jupiter,  which  could  contain  within  its  circumfer- 
ence more  than  a  thousand  globes  as  large  as  the 
earth.  We  are  justly  amazed  at  the  stupendous 
magnitude  of  the  sun,  which  is  a  thousand  times 
the  size  of  Jupiter,  and  which  illuminates  with  its 
splendor  a  sphere  of  more  than  five  thousand  mil- 
lions of  miles  in  -circumference.  But  what  are 
all  such  distances  and  dimensions,  vast  and  ama- 
zing as  they  are,  compared  with  the  astoiiishing 
grandeur  of  the  scene  before  us?  They  sink  into 
comparative  insignificance,  and  are  almost  lost 
sight  of  amidst  the  myriads  of  splendid  suns 
which  occupy  the  profundities  of  the  Milky  Way. 
What  is  one  sun  and  one  planetary  system  in  the 
presence  of  ten  millions  of  suns  perhaps  far  more 
resplendent,  and  of  a  hundred  times  this  number 
of  spacious  worlds  which  doubtless  revolve  around 
them?  Yet  this  scene,  stupendous  as  it  is,  is  not 
the  universe.  It  is  perhaps,  as  we  shall  see,  only 
a  comparatively  small  corner  of  creation,  which 
beings  at  an  immensely  greater  distance  will  be- 
hold as  an  obscure  and  scarcely  discernible  speck 
on  the  outskirts  of  their  firmament ;  so  that 
amidst  this  vast  assemblage  of  material  existence 
we  may  say,  in  the  language  of  the  inspired 
prophet,  when  speaking  of  the  Almighfv,  that 
enen  here  is  but  "  tlie  hiding  of  his  power." — 
What  then  must  the  whole  of  creation  be?  and 
what  must  be  the  ineffable  splendor  and  majesty 
of  Him  who  laid  the  plan  of  the  mighty  fabric, 
whose  breath  kindled  so  many  millions  of  suns, 
whose  hands  set  in  motion  so  many  myriads  of 
rolling  worlds,  who  supports  them  in  their  ample 
and  diversified  courses,  and  whose  moral  govern- 
ment extends  over  all?  And  what  is  man,  and 
the  globe  on  which  he  dwells,  amidst  this  scene  of 
immensity  and  magnificence? — an  atom  in  the 
infinity  of  sp  ice — a  particle  of  vapor  compared  to 
the  ocean — a  being  who  in  respect  to  the  magnifi- 
cence of  creation  and  the  grandeur  of  his  Creator, 
is  "as  nothing,  and  is  counted  to  him  as  less  than 
uothing  and  vanity." 


once  could  never  be  counted.  They  were  never  estimated 
at  less  than  fifty  or  sixty,  and  often  reached  or  exceeded 
150.  Jle  calculated  that  the  number  of  stars  visible  through 
this  telescope  could  not  be  less  than  12,000,000. 


Yet,  amidst  all  the  magnificence  of  this  vast 
system  of  universal  nature,  man  is  not  forgotten 
by  his  Maker;  his  hand  supports  hini,  his  wisuom 
guides  him,  and  his  overflowjjig  goodne.ss  pro- 
vides, in  a  thousand  difl^erent  mooes,  for  his  hap- 
piness and  enjoyment.  He  shares  of  the  Divine 
beneficence  and  care  in  common  with  all  the 
bright  intelligences  that  people  the  amplitudes  of 
creation,  and  is  as  amply  provided  for  as  if  the  Al- 
mighty had  no  other  world  under  his  superintend- 
ence. Within  the  moral  governnjent  of  t!ie 
Creator  of  the  universe  he  may  rest  secure  and 
confident  that  he  is  not  overlooked  amidst  tlie 
immensity  of  being,  for  his  ])resenci!  pervades  th« 
infinil}'  of  S])ace,  and  his  knowledge  extends  to 
the  n;inutest  movements  of  all  liis  creatures.-^ 
Under  his  paternal  care,  not  only  man,  but  the 
crawling  worm,  the  fluttering  insect,  the  little  ant, 
and  even  the  microscopic  animalculum,  find  a 
liome  and  provisions,  as  well  as  the  highest  order 
of  his  creatures;  for  "he  openeth  his  hand  aud 
supplieth,  the  wants  of  every  living  b"ing." 

Notwithstanding  the  size  of  the  Milky  Way, 
and  the  immense  luimber  of  stars  of  which  it  is 
comj)osed,  it  is  now  considered  as  nothing  more 
than  one  of  the  nehulce,  or  starry  systems,  which 
appear  to  be  dispersed  throughout  the  universe. 
It  is  supposed,  and  with  some  reason,  that  it  isthfl 
nebula  or  assemblage  of  stars,  in  which  our  sun 
is  placed.  Its  situation  in  this  nebula  is  reckoned 
to  be,  not  in  the  center  of  its  thickness,  but  rather 
toward  one  of  the  sides,  near  the  point  where  it 
diverges  into  two  branches.  According  to  this 
hypothesis,  the  Milky  Way  is  to  be  considered  as 
the  projection  of  the  nebula  upon  the  concave 
surface  of  the  .sky,  as  seen  from  a  point  within  it. 
"  We  gather  this,"  says  Sir  W.  Hcrschel,  "  from 
the  appearance  of  the  galaxy,  which  seems  to 
encompass  the  whole  heavens,  as  it  cei-tainly  must 
do  if  the  sun  is  within  the  same;  for  suppose  a 
number  of  stars  arranged  between  two  parallel 
planes  indefinitely  extended  every  way,  but  at  a 
given  considerable  distance  from  one  another, 
and  calling  this  a  sidereal  stratum,  an  eye  placed 
somewhere  within  it  will  see  all  the  stars  in  the 
direction  of  the  planes  of  the  stratum  projected 
into  a  great  circle,  which  will  appear  lucid  on  ac- 
count of  the  accumulation  of  the  stars,  while  the 
rest  of  the  heavens  at  the  sides  will  only  seem  to 
be  scattered  over  with  constellations,  more  or  less 
crowded,  according  to  the  distance  of  the  planes' 
or  number  of  stars  contained  in  the  thickness  or 
sides  of  the  stratum." 

Thus  if  the  solar  system  be  su'pposed  at  S,  in 
the  mi<ldle  of  the  nebula  a  b  c  d  e  /',  with  two 
branches,  a  c,  b  c  (fig.  .38),  the  nebula  will  bo 
projected  into  a  circle  A  B  C  D,  the  arclies  A  B 
C,  A  E  C,  being  the  projection  of  the  brandies 
a  c,  b  c,  while  the  stars  near  tlie  sides  of  the  stra- 
tum will  be  seen  scattered  over  the  remtiining  part 
of  the  heavens  among  the  spaces  F,  I,  H,  K,  G. 
If  the  eye  were  placed  somewhere  without  the 
stratum,  at  no  very  great  distance,  the  appearance 
of  the  stars  within  it  would  assume  the  form  of 
one  of  the  lesser  circles  of  the  sphere,  which 
would  be  more  or  less  contracted  according  to  the 
distince  of  the  eye;  and  if  this  distance  were 
exceedingly  increased,  the  whole  stratum  might 
at  last  be" drawiF  together  into  a  lucid  spot  of  any 
shape,  according  to  the  position,  length  and  night 
of  the  stratum. 

In  order  to  determine  those  points,  Sir  W.  Her- 
schel  put  in  practice  a  method  which  he  calls 
gauging  the  heavens,  which  consists  in  repeatedly 
counting  the  number  of  stars  in  the  fields  of  view 
very  near  each  other,  ly  which    ho  obtained  a 
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Fig.  38, 


mean  of  the  number  of  stars  in  tliat  part  of  the  I  that  the  stars  are  equally  scattered,  and  from  the 
heavens.  He  thi>u  proceeds  on  tlia  supposition  I  number  of  stars  in  any  part  of  the  heavens  ho 
deduces  the  length  of  his  visual  ray, 
or  the  distance  tlirongh  wliich  his  t-'I-  ^,^.,.^  ^ 
escope  liad  penetrated,  or,  in  other 
words,  the  distance  of  tiie  remotest 
Ftars  in  that  jKirticular  region  of  the 
heavens.  To  illustrate  this,  let  us  sup- 
pose the  Milky  Way  a  nebula,  and 
tiiat  the  sun  is  not  jilaced  in  ils  center. 
Then,  on  the  suppositiou  that  the  stars 
are  nearly  equally  scattered,  it  is  evi-  , 
dent  that  the  part  rff  the  Milky  Way 
where  the  stars  are  the  most  numerous 
cvtend  farthest  from  the  sun,  and  the 
parts  where  they  are  less  numerous 
must  extend  to  a  less  ciisUince  Pro- 
ceeding on  these  grounds,  Sir  W.  Her- 
schel  found  the  length  of  his  visual 
ray  for  diffoi'ent  parts  of  the  heavens. 
In  some  cases  lie  found  it  equal  to 
497  (imes  the  distance  of  Sirius,  sup- 
posed to  be  the  nearest  star,  as  formerly 
stated.  The  following  is  a  representa- 
tion of  a  section  of  the  nebula  of  the 
Milky  Way,  according  to  his  delinea- 
tion. This  section  is  one  which  makes 
an  angle  of  thirty-live  degrees  with 
our  equator,  crossing  it  in  l^-ljo  and 
30432  degrees.  A  celesliid  globe  ad- 
justed to  the  latitude  of  fifty-five  de- 
grees north,  and  having  a  Ceti  near  the 
meridian,  will  have  the  plane  of  this 
section  pointed  out  by  tlie  horizon.  If 
the  solar  system  (fig.  3!3),  be  at  S,  the  : 
brightness  of  the  Milky  Way  will  be  ;; 
greatest  in  the  directions  S  a,  S  b,  S,  p,  ', 
where  the  stars  that  intervene  are  most  f 
numerous,  or  where  the  visual  ray  is  i 
longest.  In  the  lateral  directions  S  n,  ; 
S  771,  the  nebulosity  will  not  appear  ; 
from  the  small  number  of  interposing  - 
stars,  and  the  stars,  thougii  numerous,  j 
will  appear  more  scattered.  In  the  t,,.,.  :_^,.- 
dircction  S  c,  on  account  of  the  opening  between 
a  and  b,  there  will  be  an  empty  space  contained 
between  these  two  branches  wliere  the  nebulosity 
is  not  observed,  as  is  the  case  in  the  Milky  Zone 
between  /x  Scorpio  in  the  soutli  and  y  Cygni  in 
the  north,  a  length  of  about  102  degrees.  The 
stars  in  the  border,  wliich  are  marked  larger  than 
the  rest,  are  those  pointed  out  by  the  gauges;  the 
intermediate  parts  are  filled  up  by  smaller  stars 
arranged  in  straight  lines  between  the  gauged 
ones.  The  circle  around  S  represents  an  ex- 
tent about  forty  times  the  distance  of  the  near- 
est fixed  stars,  which  may  be  considered  as 
comprehending  all  those  wliich  are  visible  to  the 
naked  eye. 

"  From  this  figure,"  says  Sir  W.  Herschcl,  "  we 
may  see  that  our  nebula  is  a  very  extensive  branch- 
ing, compound  congeries  o(  ma  nymiUions  of  stars, 
which  most  probably  owes  its  origin  to  many  re- 
markably large,  as  well  as  pretty  closely  scattered 
small  stars  thatinay  havedrawn  together  the  rest." 
Again — '•  If  it  were  possible  to  distinguish  between 
the  parts  of  an  indefinitely  extended  whole,  the 
nebula  we  inhabit  might  be  said  to  be  one  that 
has  fewer  marks  of  antiquity,  than  any  of  the  rest. 

To  explain  this  idea  more  clearly,  we  should  re-  It  is  at  least  four  degrees  broad,  but  its  bight  1 
collect  that  the  condeivsation  of  clusters  of  stars  have  not  yet  ascertained.  It  is  remarkable  that 
has  been  ascribed  to  a  gradual  approach;  and  the  80th  nebula  of  the  Connoissance  dcs  Temps, 
whoever  reflects  on  the  number  of  ages  that  must  which  is  one  of  the  richest  and  most  compressed 
have  passed  before  some  of  the  clusters  that  are  to  clusters  of  small  stars  I  remember  to  have  seen, 
be  found  in  my  intended  catalogue  could  be  so  far  is  situated  just  on  the  west  border  of  it,  and  would 
ccuuensod  as  wo   find  them  at  present,  will  not   almost  autlioiize  a  suspicion  that  the  stars  of  which 


nonder  if  I  ascribe  a  certain  air  of  youth  and 
vigor  to  very  many  regularly  scattered  regions  of 
our  sidereal  stratum.  There  are,  moreover,  many 
places  in  it  in  which,  if  we  may  judge  from  some 
appearances,  there  is  the  greatest  reason  to  believe 
that  the  stars  are  drawing  toward  secondary  cen- 
ters, and  will  in  time  separate  into  clusters  so  as 
to  occasion  many  subdivisions.  Our  system,  after 
numbers  of  ages,  may  very  possibly,  becon)e  di- 
vided so  as  to  give  rise  to  a  stratum  of  two  or 
three  hundred  nebula;;  for  it  would  not  be  diffi- 
cult to  point  out  so  many  beginning  or  gathering 
clusters  in  it.  This  throws  considerable  light 
upon  that  remarkable  collection  of  many  hun- 
dreds of  nebulaj  winch  are  to  be  seen  in  what  1 
have  called  the  nebulous  stratum  in  Coma  Bere- 
nices. It  appears  from  tht  branching  and  exten- 
ded figure  of  our  nebulce,  that  there  is  room  for 
the  decomposed  small  nebula;  of  a  large  reduced 
former  great  one  to  ajjuroach  nearer  to  us  in  tho 
sides  than  in  any  other  parts."  ....  "Some 
parts  of  our  system  seem  indeed  already  to  have 
sustained  greater  ravages  of  time  than  others,  for 
instance,  in  the  body  of  the  Scorpion  is  an  open- 
ing or  hole,  which  is  probably  owing  to  this  cause. 
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it  is  composed  were  collected  from  that  place,  and 
luul  left  the  vacancy. 


Fig.  39. 


The  remarks  in  the  above  paragraph  1  present 
to  the  reader  merely  as  the   opinions  of  an  illus- 


trious astronomer  and  an  indefatijrable  oV^server 
of  celestial  phenomena,  witliout  vouching  lor  the 
accuracy  or  probability  of  such  specuiaiions  and 
hypotheties.  To  determine  the  reality  ot  sucji 
changes  in  boaies  so  numerous  and  so  uistant, 
would  require  an  indehnite  lapse  of  ages;  yea, 
perhaps  the  revolutions  of  eternity  are  alone  suffi- 
cient for  determining  the  sublime  movements  and 
changes  which  happen  among  the  immense  as- 
semblages of  material  exi:jtence  which  constitute 
the  universe.  Tliere  is  a  high  degree  of  proba- 
liility  tl  at  evorylhiiig  within  the  material  system 
is  liable  to  change  of  one  kind  or  other,  and  that 
there  is  no  sun  nor  world,  among  all  the  myriads 
of  globes  which  replenish  the  sidereal  heavens, 
but  what  is  actually  in  vioiion, — and  moving,  too, 
with  a  velocity  which  the  inhabitants  of  such  a 
world  as  ours  can  scarcely  appreciate;  and  such 
motions,  in  the  course  of  ages,  may  be  productive 
of  a  vast  diversity  of  scenery  in  diti'erent  regions 
of  the  universe.  And  if  so,  it  presents  to  view 
another  instance  of  that  variety  which  the  Crea- 
tor has  introduced  into  his  universal  kingdom 
to  gratify  the  unbounded  desires  of  inteUigent 
beings. 

I  shall  conclude  this  chapter  with  the  following 
description  of  the  Milky  VVay,  which  Sir  John 
Herschel  has  published  since  his  residence  in  the 
southern  hemisphere: — "  The  general  aspect  of 
the  southern  circumpolar  region — including  in 
that  expression  sixty  or  seventy  degrees  of  south- 
polar  distance — is  in  a  high  degree  rich  and  mag- 
nificent, owing  to  the  superior  brilliancy  and  larger 
development  of  the  .Milky  Way,  which  from 
the  constellation  of  Orion  to  that  of  Antinous  is 
ablaze  of  light,  strangely  interrupted,  however, 
witli  almost  starless  patches,  especially  in  Scorpio, 
near  a.  Centauri,  and  the  Cross;  while  to  the  north 
it  fades  away  pale  and  dim,  and  is  in  comparison 
hardly  traceable.  I  think  it  is  impossible  to  view 
this  splendid  zone,  with  the  astonishingly  rich  and 
evenly  distributed  friuije  of  sfars  of  the  third  and 
fourth  magnitudes — which  form  a  broad  skirt  to 
its  southern  border,  like  a  vast  curtain — without 
an  impression,  amounting  almost  to  a  conviction, 
that  the  Milky  Way  is  not  a  mere  stratum,  but  an 
annidus;  or  at  least  that  our  system  is  placed 
within  one  of  the  poorer  or  almost  vacant  parts 
of  its  general  mass,  and  that  eccentrically,  so  as 
to  be  nearer  to  the  parts  about  the  Cross  than  to 
that  diametrically  opposed  to  it" 


CHAPTER    XI. 


ON  GROUPS  AND  CLUSTERS  OF  STARS. 


0.\  a  cursory  view  of  the  heavens,  the  sfars  ap- 
pear to  be  very  irregularly  scattered  over  the  con- 
cave of  the  firmament.  In  souie  places  a  consid- 
erable interval  appears  between  neighborino-  stars, 
while  in  others  thoy  appear  so  crowded  that  the 
eye  can  with  diiRculty  perceive  the  spaces  be- 
tween (hem.  Even  to  the  unassisted  eye,  there 
are  certain  groups  of  this  description  which  strike 
the  attention  of  every  observer,  and  lead  to  the 
conclusion  that  the  stars  of  which  they  are  com- 
posed have  been  brought  together  by  some  gene- 
ral law,  and  not  by  mere  casual  distribution.  Of 
these,  the  group  "called  the  Pleiades,  or  Seven 
Stars,  is  the  most  obvious  to  common  observers. 
This  group  is  situated  in  the  constellation  Taurus, 
about  14°  to  the  west  of  the  star  Aldebaran  (see 


Plate  I),  and  may  be  seen  every  clear  evening 
from  the  end  of  August  until  the  middle  of  Ai>ril.* 
It  is  generally  reckone<l  that  only  six  stars  can  bo 
I  distinctly  counted  in  this  group  by  common  eyes, 
but  that  originally  they  consi.sted  of  senen,  which 
every  one  could  easily  perct-ive,  and  it  has  there- 
fore been  conjectured  that  one  of  them  has  long 
since  disappeared.  To  this  circumstance  Ovid, 
who  lived  in  the  time  of  our  Saviour,  alludes  in 
these  lines: 

"Now  rise  the  Plciailcs,  tho«e  nympns  sof'iir. 
Once  seven  numbered,  now  but  six  tbere  are."t 

In  fabulous  history  it  is  said  that  the  Pleiado* 

*  A  telescopic  view  of  the  Pleiades   is  exhibited  in  tht 
Appendix, 
t  "Quie  septem  dici,  sex  tamen  esse  solent." 
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the  star  Merope,  one  of  the  Atlantides,  appears  1 
more  dim  and  obscure  thun  tlie  rest,  or  is  alto-  : 
gether  extinguished,  because,  as  the  poets  fancy, 
Blie  married  a  mortal,  while  her  sisters  married 
some  of  the  gods  or  thuir  descendants.  Dr.  Long, 
however,  declares  that  he  himself  had  more  than 
once  seen  seven  stars  in  this  group;  and  a  learned 
astronomical  friend  assured  hiin  that  he  had  seen 
night  stars  among  the  Pleiades,  where  common 
eyes  can  discover  but  six;  and  Kepler  says  of  his 
tutor  Maestlinus,  that  "  he  could  reckon  fourteen 
stars  in  the  Pleiades  without  any  glasses."  This 
dilTerence  in  the  number  seen  by  dilFerent  persons 
in  this  group  is  obviously  owing  to  the  different 
degrees  of  acuteness  of  visiou  possessed  by  the 
respective  individuals.  However  small  the  num- 
ber perceived  by  the  naked  eye,  the  telescope 
shows  them  to  be  a  pretty  numerous  assemblage. 
Dr.  Hook,  formerly  professor  of  geometry  in  Gre- 
sham  College,  informs  us  that,  directing  his  twelve- 
feet  telescojie  (which  could  magnify  onl)"  about 
seventy  times)  to  the  Pleiades,  he  did  in  that  small 
compass  count  seventy-eight  stars;  and  making 
use  of  longer  and  more  perfect  telescopes,  lie  dis- 
covered a  great  many  more  of  different  magni- 
tudes. 

The  ingenious  Tvlr.  Mitchell,  more  than  fifty 
years  ago,  started  the  idea  of  the  stars  being  form- 
ed into  groups  or  systems  which  are  entirely  de- 
tached from  one  another,  and  have  no  immediate 
connection.  In  reference  to  the  Pleiades,  he  con- 
ducted his  reasoning  as  follows: — "  The  Pleiades 
are  composed  of  six  remarkable  stars,  which  are 
placed  in  the  midst  of  a  number  of  others  that 
are  all  between  the  third  and  sixth  magnitudes; 
and  comparing  this  number  six  with  the  whole 
number  visible  in  the  heavens  to  the  naked  eye, 
he  calculated,  by  the  doctrine  of  chances,  that 
among  all  this  number,  if  they  had  been  dispersed 
aibitraiily  through  the  celestial  vault,  it  was  about 
five  hundred  millions  to  one  that  six  of  them 
should  be  placed  together  in  so  small  a  space.  It 
is  therefore  so  many  chances  to  one  that  this  dis- 
tribution was  the  result  of  design,  or  that  there  is 
a  reason  or  cause  for  such  an  assemblage." 

The  constellation  called  Coma  Berenices  is  ano- 
ther group,  more  diffused  than  the  Pleiades,  which 
consists  chiefly  of  small  stars  which  can  scarcely 
be  distinguished  in  the  presence  of  the  moon. 
This  beautiful  cluster  lies  about  five  degrees  east 
of  the  equinoctial  colure,  and  midway  between 
the  star  (hr  Caroli  on  the  north-east,  and  Dene- 
bola,  in  the  Lion's  tail,  on  the  soutli-west.  If  a 
straight  line  be  drawn  from  Benefnasch — the  star 
at  the  extremity  of  the  tail  of  the  Great  Bear — 
through  Cor  Caroli,  and  produced  to  Denebola,  it 
will  pass  through  this  cluster.  It  may  also  be 
distinguished  as  situated  about  twenty-six  de- 
grees west  by  north  from  the  bright  star  Arcturus. 
The  confused  luster  of  this  assemblage  of  small 
stars  bears  a  certain  resemblance  to  that  of  the 
Milky  Way,  and,  beside  the  stars  of  which  it  is 
chiefly  composed,  it  contains  a  number  of  nebu- 
lae. Sir  W.  Herschel  supposes  that  the  stratum 
of  nebulis  in  this  quarter  runs  out  a  very  consi- 
derable way,  and  that  it  may  even  make  the  cir- 
cuit of  the  heavens,  though  not  in  one  of  the 
great  circles  of  the  sphere.  He  also  supposes  that 
the  situation  of  the  stratum  is  nearly  at  right  an- 
gles with  the  great  sidereal  stratum  in  which  the 
sun  is  placed,  that  the  Coma  itself  is  one  of  the 
clusters  in  it,  and  that  it  is  on  account  of  its  near- 
ness that  it  appears  to  be  so  scattered.  He  appre- 
hends that  the  direction  of  it  toward  the  north 
lies  probably,  with  some  windings,  through  the 
Great  Bear  onward  to  Cassiopeia,  thence  through 


the  girdle  of  Andromeda  and  the  Northern  Fish, 
proceeding  toward  Cetus;  while  toward  the  south 
it  passes  through  the  \'irgin,  probably  on  to  ihfi 
tail  of  Hydra  and  Centaurus. 

Another  group,  soruewhat  similar,  but  less  de- 
finite, is  found  in  the  constellaliou  of  Cancer;  it 
is  called  Pnesepe,  or  the  Bee  Hive,  and  is  a  neb- 
ulous cluster  of  very  minute  stars,  not  separately 
distinguishable  by  the  naked  eye.  A  telescope 
of  very  moderate  power,  however,  easily  resolves 
it  into  small  stars.  It  is  sufficiently  luminous  to 
be  seen  as  a  nebulous  speck  by  tise  unassisted  eye, 
and  is  somewhat  like  the  nucleus  of  a  comet,  for 
which  it  has  frequently  been  mistaken  byoruinary 
observers.  It  is  situated  in  a  triangular  position 
with  regard  lo  Castor  and  Procyon,  or  the  Littia 
Dog.  A  line  drawn  from  Procyon  in  a  north- 
easterly direction  meets  with  Prajsepe  at  the  dis- 
tance of  twenty  degrees.  This  line  drawn  in  a 
north-westerly  direction  from  Priesepe,  meets  Cas- 
tor at  the  same  distance.  These  lines  form  nearly 
a  right  angle,  the  angular  point  being  in  Praesepe. 
It  may  otherwise  be  discovered  by  means  of  two 
stars  of  the  fourth  magnitude  lying  one  on  either 
side  of  it  at  the  distance  of  about  two  degrees.  It 
may  likewise  be  found  by  coii'ceivinga  line  drawn 
through  Castor  and  Pollux  to  the  south-east,  and 
continued  about  fifteen  degrees,  or  three  times  the 
distance  between  Castor  and  Pollux.  This  clus- 
ter, Sir  W.  Herschel  thinks,  belongs  to  a  certain 
nebulous  stratum  so  placed  as  to  lie  nearest  us. 
This  stratum  runs  from  s  Cancri  toward  the  south, 
over  the  67th  nebula  of  the  Convoissanre  des 
Temps,  which  is  a  very  beautiful  and  much  com- 
pressed cluster  of  stars,  easily  to  be  seen  by  any 
good  telesco[)e,  and  in  which  he  has  observed 
above  200  stars  at  once  in  the  field  of  view  of  his 
great  rellector,  with  a  power  of  157.  This  clus- 
ter appearing  so  plainly  with  any  good  com- 
mon telescope,  and  being  so  near  to  the  one 
which  may  be  seen  with  tiie  naked  eye,  denotes 
it  to  be  probably  the  next  in  distance  to  that 
within  the  quarliie  formed  by  y  J  »  ij.  From  the 
67th  nebula,  the  stratum  of  Cancer  proceeds  to- 
ward the  head  of  Hydra. 

I  have  seldom  contemplated  a  more  brilliant 
and  beautiful  view  in  the  heavens  than  one  of  the 
fields  of  view  of  tliis  cluster  of  stars.  With  a 
3^1  feet  achromatic,  and  a  power  of  95.  I  havo 
counted  from  fifty  to  eeventy  stars.  Fifteen  or 
twenty  of  the  most  brilliant  of  these  presented 
beautiful  configurations:  one  of  them  was  an  equi- 
lateral triangle;  another,  an  isosceles;  a  third, 
nearly  of  the  figure  of  a  cone;  a  fourth,  parallel 
lines,  &c.  In  more  than  two  instances,  three 
brilliant  equidistant  stars  appeared  in  a  straight 
line,  similar  to  the  belt  of  Orion,  vrhile  a  consid- 
erable number  of  the  remaining  stars  appeai'ed 
extremely  small.  With  a  6^0  feet  achromatic, 
whose  object-glass  is  four  inches  diameter,  and  a 
power  of  110,  this  view  was  rendered  still  more 
brilliant.  Several  fields  of  view,  nearly  of  this 
description  may  be  perceived  in  this  cluster.  Fig. 
40  represents  one  of  these  views,  in  which  some 
of  the  smaller  stars  are  omitted.  This  view  was 
taken  with  the  S^-g  feet  telescope,  having  an  erect 
eye-piece.  The  configurations  appear  somewhat 
different  in  their  relations  to  each  other  when 
viewed  with  an  inverting  eye-piece. 

Another  cluster  is  found  in  the  sword-handle  of 
Perseus,  which  is  crowded  with  stars  of  a  smaller 
size  than  in  the  clusters  already  noticed,  and 
which  requires  a  telescope  of  greater  power  to  re- 
solve them  and  show  them  separated  from  each 
other.  Perseus  is  one  of  the  northern  circumpo- 
lar  constellations,  nearly  opposite  to  the  three  stars 


64 


SIDEREAL  HEAVENS 


in  tlie  tail  of  the  Great  Bear.  A  line  drawn  from 
these  stars  through  the  pole-star  meets  the.  sword 
and  head  of  Perseus  at  nearly  an  equal  distance. 
on  the  opposite  side.  It  is  directly  north  of  llio 
Pleiades,  between  Andromeda  and  Auriga.     The 

Fig.  40. 


sword  is  in  the  neighborhood  of  Cassiopeia.  A 
line  drawn  from  Algenib,  the  brightest  star  in  this 
constellation,  to  the  middle  of  Cassiopeia,  passes 
through  the  sword-hanule  where  the  cluster  is 
situated,  which  is  about  midway  between  these 
two  objects. 

If  the  lowermo.'^tof  the  three  small  stars  which 
form  the  sword  of  Orion  be  viewed  with  a  good 
telescope,  a  beautiful  configuration  of  stars  will 
be   perceived.     Fig.  41   represents  the  principal 

Fig.  41. 


stars  comprehended  in  one  field  of  view  at  this 
point,  as  taken  with  a  six  feet  and  ahalf  teiesco])e, 
with  an  inverting  eye-piece,  magnifying  110 
times;  it  exhibits  a. distant  resemblance  of  the 
whole  constellation  of  Orion  as  seen  by  the  na- 
ked eye.  But  in  the  neighborhood  of  certain 
parts  of  the  Milky  Way,  particularly  about  the 
r.'gions  in  the  vicinily  of  tiie  star  Altair  and  in 
the  constellalion  Cassiopeia,  the  stars,  though 
smtiller,  are  much  more  numerous.  With  a  very 
moderate  power  on  tbe  above-mentioned  telescope, 
^  have  had  fields  of  view  of  from  fifty  to  a  hun- 
dred stars,  some  of  them  beautifully  arranged, 
and  such  fields  continued  over  a  space  of  several 
degrees. 

The  above  may  be  considered  as  specimens  of 
groups  of  stars,  which  every  one  possessed  of  tel- 
escopes may  easily  examine  for  himself.  They 
form  very  beautiful  objects  for  exhibiting  to  young 


people  and  to  amateurs  in  astronomy;  and  it  can- 
not but  sti-ike  the  mind  with  wonder  and  admira- 
tion to  behold,  in  one  point  of  view,  within  a 
space  liltle  more  than  that  of  the  one-fifth  of  the 
apparent  siz(5  of  the  moon,  nearly  a  hundred  re- 
splendent suns  emitting  their  effulgence  from  re- 
gions immeasurably  distant,  and  arranged  in  beau- 
tiful symmetry  and  order  —  a  scene  of  creating 
power  surpassing  in  grandeur  ten  thousand  worlds 
such  as  ours,  and  in  which  our  whole  planetary 
system  would  appearonly  a.s  the  smallest  twiakling 
star.  Such  telescopic  views  of  the  nocturn:il 
heavens  have  a  tendency  to  expand  the  capacity 
of  the  soul,  to  inspire  it  with  magnificent  concep- 
tions, and  to  raise  its  affections  above  the  low 
ambition  and  paltrj^  concerns  of  this  transitriry 
scene  to  the  dir;tanl  and  mure  magnificent  scenes 
of  the  Divine  emjiire.  To  the  devout  aisd  con- 
templative pliilo.sophcr  the  foUowLug  lines  of  the 
poet  may  be  applied: 

"  Not  to  this  evanescent  speck  of  earth 
Poorly  confined — tlie  rartianl  tracks  on  high 
Are  !iis  exalte,!  range;  intent  to  gaze 
(."reatjon  through,  ami  fro.n  that  lull  coir.plex 
or  neverentling  wonders  to  conceive 
Oi'  the  sole  Being  right,  who  spoke  the  word. 
And  Nature  moved  complete." 

Thomson's  Summer. 

Sir  W.  Herschel  makes  a  distinction  between 
groups  and  clusters  of  star.s.  A  group  is  a  collec- 
tion of  stars  closely  and  almost  equally  compres- 
sed, and  of  any  figure  or  outline.  I'herc  is  no 
particular  condensation  of  the  stars  to  indicate 
the  existence  of  a  central  force,  and  tlie  groups 
are  snfiicienfly  separated  from  neighboring  stara 
to  show  that  tliey  form  peculiar  systems  of  their 
own.  According  to  this  definition,  the  congeries 
of  stars  I  have  pointed  out  above  are  to  bo  con- 
sidered as  belonging  to  the  class  o( groups.  Clus- 
ters of  -tars  difier  from  groups  in  their  beautiful 
and  artificial  arrangement.  Their  form  is  gen- 
erally round,  and  their  condensation  is  such  us  to 
produce  a  mottled  luster  somewhat  resembling  a 
nucleus.  Thf"  whole  appearance  of  a  cluster  in- 
dicates the  existence  of  a  central  force,  residing 
either  in  a  body  or  in  the  center  of  gravity  of  the 
whole  system.  The  stars  of  which  it  is  composed 
appear  more  and  more  accumulated  toward  the 
center. 

Many  such  clusters  are  found  in  the  Iieavens 
invisible  to  the  naked  eye,  and  whose  existence  as 
dim  specks  of  light  can  only  be  recognized  by  the 
assi.-ftance  of  optical  instruments.  Telescopes  of 
moderate  power  exhibit  them  only  as  small  round 
or  oval  specks,  somewhat  resembling  comets  with- 
out tails;  but  when  these  objects  are  examined 
with  telescopes  of  great,  power,  "thej'  are  then," 
as  Sir  John  Herschel  remarks,  "  for  the  most  part, 
perceived  to  consist  entirely  of  stars  crowded  to- 
gether so  as  to  occupy  almost  a  definite  outline, 
and  to  run  up  to  a  blaze  of  light  in  the  center, 
where  their  condensation  is  usually  the  greatest." 
"  Many  of  their",  indeed,  are  of  an  exactly  round 
figure,  and  convey  the  complete  idea  of  a  globu- 
lar space  filled  full  of  stars,  insulated  in  the  hea- 
vens, and  constituting  in  itself  a  family  or  society 
apart  from  the  rest,  and  subject  to  its  own  inter- 
nal laws.  It  would  be  a  vain  task  to  attemjjt  to 
count  the  stars  in  one  of  these  glohiilar  clusters. 
They  are  not  to  be  reckoned  by  hundreds;  and  on 
a  rough  calculation,  grounded  on  theapj)arent  in- 
tervals between  them  at  the  borders  (where  they 
are  seen  not  projected  on  each  other)  and  the  an- 
gular diameter  of  the  whole  group,  it  would  appear 
that  many  clusters  of  this  description  must  con- 
tain at  least  ten  or  twenty  thousand  stars,  com- 
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pacted  anf]  wedged  together  in  a  round  space, 
wliose  ai)gular  <iiaineter  does  not  exceed  eight  or 
ten  minutes — that  is  to  say,  in  an  area  not  more 
than  a  tenth  p;irt  of  that  covered  hy  the  moon." 
The  stars  composing  such  cUisters  appear  to  form 
a  system  of  a  pecuHar  and  definite  character. 
"Their  round  figure  clearly  indicates  the  exis- 
tence of  some  general  bond  of  union  in  the  nature 
of  an  attractive  force,  and  in  many  of  them  there 
is  an  evident  acceleration  in  the  rate  of  condensa- 
tion as  we  approach  the  center,  wiiich  is  not  re- 
ferable to  a  merelj'  uniform  distribution  of  equi- 
distant stars  through  a  globular  space,  but  marks 
an  intrin'sie  density  in  their  state  of  aggregation, 
greater  at  the  center  than  at  the  surface  of  the 
mass." 

Let  the  reader  pause  for  a  moment  on  the  ob- 
ject now  described,  and  consider  the  glimpse  it 
affords  us  of  the  immensity  of  the  universe,  and 
of  the  innumerable  globes  of  light  with  which  it 
is  replenished.  A  point  in  the  firmament,  scarcely 
perceptible  to  the  unassisted  eye,  which  a  common 
telescope  shows  oidy  as  a  small  dim  round  speck, 
yet  is  found  by  powerful  instruments  to  consist 
entirelj-  of  stars  to  the  number  of  ten  or  twenty 
thousand.'  And  at  what  a  distance  must  such  a 
cluster  be  when  its  stars  appear  to  be  blended  and 
projected  one  upon  another,  hundreds  of  them 
appearing  only  like  a  lucid  point  1  and  yet  the 
distance  between  any  two  of  them  is  perhaps  ten' 
thousand  times  greater  than  that  of  Saturn  from 
our  globe.  From  such  a  region  even  light  itself 
must  take  iiiany  thousands  of  years  ere  it  can 
reach  our  world.  In  this  almost  invisible  point, 
which  not  one  out  of  fifty  thousand,  or  even  one 
out  of  a  million  of  earth's  inhabitants  has  yet 
perceived,  what  a  scene  of  grandeur  and  benefi- 
cence may  be  displayed;  and  what  a  confluence  of 
suns,  and  systems,  and  worlds  and  intelligences 
of  Tarious  orders,  may  exist,  displaying  the  power 
and  wisdom  and  goodness  of  the  great  Father  of 
all!  Every  circumstance  connected  with  such  an 
object  shows  that  its  distance  must  be  immeasu- 
rably great,  and  consequently  the  luminaries  of 
which  it  is  composed  immense  in  magnitude.  But 
suns  of  such  size  and  splendor  caiinot  be  sup- 
posed to  be  thrown  together  at  random  through 
the  regions  of  infinity,  without  any  ultimate  de- 
sign worthy  of  the  Creator,  or  without  relation 
to  the  enjoyments  of  intelligent  existence;  and 
therefore  we  may  reasonably  conclude  that,  ten 
thousand  times  ten  thousands,  and  myriads  of 
myriads  of  exalted  intelligences  exist  in  that  far 
distant  region,  compared  with  the  number  of 
which  all  the  inhabitants  of  our  globe  are  but 
"as  the  drop  of  a  bucket,  or  as  the  small  dust  of 
the  balance." 

In  short,  in  this  dim  and  almost  imperceptible 
speck  we  have  concentrated  a  confluence  of  suns 
and  worlds,  at  least  ten  times  surpassing  in  size 
and  splendor  the  sun,  moon,  and  planets,  and  all 
the  stars  visible  to  the  naked  eye  throughout  all 
the  spaces  of  our  firmament!  What  then  m.ust 
bo  th(>  number  and  magnitude  of  all  the  other 
clusters  which  the  telescope  has  brought  to  view? 
what  the  number  of  those  which  lie  bej-ond  the 
limits  of  human  vision  in  the  unexplorable  regions 
of  immensity?  and  what  must  the  universe  itself 
be,  of  whicli  all  those  numerous  starry  systems 
are  but  an  inconsiderable  ])art?  Here  the  human 
faculties  are  completely  lost  amidst  the  immensity 
of  matter,  magnitude,  motion,  and  intelligent 
existence,  and  we  can  only  exclaim,  "  Great  and 
mari'elous  are  thy  works.  Lord  God  Almighty  1" 

Figure  41  represents  a  view  of  one  of  the  clus- 
ters alluded  to  above,  as  seen  in  the  twenty-feet 


reflector  at  Slough.  Sir  J.  Herschel,  who  has  given 
a  delineation  of  it  in  his  "  Treatise  on  Astro- 
nomy," says,  "it  represents,  somewhat  rudely, 
the  tiiirteenth  nebula  of  Messier's  list,  described 
by  him  as  nebiileuse  sans  etoiles."  Its  right  ascen- 
sion is  16h.  36';  and  its  north  declination,  3Cfi  46'; 
by  which  its  place  may  easily  be  founc  on  a 
celestial  globe.  It  is  situated  on  the  constella- 
tion Hercules,  between  the  stars  »  and  ^.  I'hcse 
stars  are  of  the  third  magnitude,  and  lie  north 
and  south  of  each  other,  at  the  distance  of  seven 
degrees  and  a  third;  they  come  to  the  meri>;iau 
about  the  middle  of  July,  at  nine  o'clock  in  tlio 
evening,  but  of  course  may  be  seen  at  many  other 
periods  of  the  year,  particularly  in  the  spring  and 
autumn.  The  star  «  lies  about  twenty-two  degrees 
nearly  due- west  from  the  bright  star  Ve:/a  or  a 
Lyrae.  In  the  map  of  the  stars  on  Plate" II,  it  is 
marked  with  the  letter  a,  and  the  star  ^  below  it 
with  the  letter  b.  The  cluster  is  somewhat  nearer 
to  «,  or  the  upper  star,  than  to  the  other.  It  is 
just  perceptible  to  the  naked  eye,  and  with  a  tele- 
scope of  small  power,  such  as  a  common  "  night 
and  day  telescope,"  it  appears  like  a  small  round 
comet. 

The  following  is  a  list  of  the  places  of  six  of 
the  principal  clusters  of  this  description,  which 
may  be  considered  as  specimens  of  these  remark- 
able objects: 

1.  Right  ascension,  15h,  10';  north  declination, 
20  44'.  This  cluster  lies  aljout  eight  degrees 
south-west  from  Unuk,  the  principal  star  in  the 
Serpent,  and  comes  to  the  meridian,  about  the 
middle  of  June,  at  nine  o'clock  in  tlie  evening. 

2.  Right  ascension,  13h.  .34';  north  declination, 
39°  15';  between  the  tail  of  Chara  and  the  thigh 
of  Bootes,  about  twelve  degrees  north-west  of 
Arcturus,  nearly  on  a  line  between  that  star  and 
Cor  Caroli,  but  nearer  Arcturus. 

3.  Right  ascension,  13h.  5';  north  declination, 
19°  5';  in  Coma  Berenices,  fourteen  degrees  west 
by  south  of  Arcturus.  A  line  drawn  from  Arc- 
turns  through  »  Bootes  meets  this  cluster  at  some- 
what more  than  double  the  distance  of  these  two 
stars. 

4.  Right  ascension,  17h.  29';  south  declination, 
3°  fc';  between  the  stars  y  and  /u  of  Sepentarius, 
but  nearer  to  the  latter. 

5.  Right  ascension,  2] h.  25';  south  declination, 
1°  34';  in  Aquarius,  about  2  degrees  north  of ;,  in 
the  west  shoulder,  nearly  in  a  line  with  s  Pe^asi 
or  Enif. 

n.  Right  ascension,  21h.  23';  north  declination, 
no  26'.  This  cluster  lies  north  from  No.  5,  at 
the  distance  of  thirteen  degrees,  and  about  three  or 
four  degrees  north-west  of  the  star  EniJ]  or  s  Peirasi. 

Such  are  a  few  specimens  of  compressed  clusters 
of  stars.  Sir  W.  Herschel  has  given  a  catalogue 
of  more  than  a  hundred  of  such  clusters  dispersed 
over  ditFerent  parts  of  the  heavens,  many  of  which 
require  powerful  telescopes  to  resolve  them  into 
stars.  These  clusters  may  be  considered  as  so 
i  many  distinct  firmaments,  distributed  throughout 
the  spaces  of  immensity,  each  of  them  comprisinsr 
within  itself  an  assemblage  of  stars  far  more 
numerous  than  what  appears  to  the  vulgar  eye 
throughout  the  whole  face  of  our  nocturnal  skv. 
To  those  intelligences  that  reside  near  the  center 
of  such  clusters,  the  stars  connected  with  their 
own  cluster  or  system  will  be  those  which  they 
will  chiefly  behold  in  their  sky;  and  in  those 
clusters  which  are  of  a  globular  form,  tlie  stars 
will  appear  nearly  equally  dispersed  over  the  face 
of  their  firmament.  In  those  starry  assemblages 
which  show  a  great  compression  about  the  center, 
an  immense  number  of  stars  of  the  first  magni- 
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tude  will  decorate  their  sky,  and  render  it  far  I  connected  be  at  all  visible,  it  will  only  appear  like 
more  resplendent  tlian  thai  with  which  we  are  |  a  dim  and  inconsiderable  speck  in  the  remote 
surrounded  —  another  instance  of  that  mrir^?/ 1  regions  of  immensity,  or  as  a  small  cluster  or 
which  distingruishes  all  the  scenes  of  creation,  nebula,  such  as  those  we  perceive  willi  diHiculty 
Scarcely  any  other  star  will  be  visible  except  tiiose  tlirougii  oui  telescopes.  Such  are  the  graiul,  tho 
which  belong  to  their  own  system.  If  the  mag- j  diversified,  and  wonderful  plans  of  the  Creator 
uiriceat  system  of  stars  with  which  our  suu  is  '  throughout  his  vast  and  boundle.ss  universe. 


CHAPTER    XII 


ON  THE  DIFFERENT  ORDERS  OF  THE  NEBUL.E. 


SECTION  I. 

General  remarks  on  the  subject  of  nebul.e. 

The  farther  we  proceed  in  our  researches  into 
the  sidereal  heavens,  the  scene  of  Creating  Power 
and  Wisdom  becomes  more  expansive  and  mag- 
nificent. At  every  step  of  our  progress  the  pros- 
pect enlarges  far  beyond  what  we  had  previously 
conceived;  the  multitude  and  variety  of  its  objects 
are  indefinitely  increased;  new  suns  and  new  fir- 
maments open  to  view  on  every  hand,  overwhelm 
ing  the  mind  with  astonishment  and  wonder  at 
tho  immensity  of  Creation,  and  leaving  it  no  room 
to  doubt  that,  after  all  its  excursions,  it  has  arrived 
only  at  "  the  frontiers  of  the  Great  Jehovah's 
kingdom."  Wherever  we  turn  our  eyes  amid 
those  higher  regions,  infinity  appears  to  stretch 
before  us  on  either  hand,  and  countless  assem- 
blages of  the  most  resplendent  objects  are  every- 
where found  diversifying  the  tracts  of  immensity. 
To  investigate  such  objects  in  relation  to  their 
number,  magnitude,  motion,  and  the  laws  by 
which  they  are  united  and  directed  in  their  move- 
ments, completely  baffles  the  mathematician's 
fikill,  and  sets  all  his  hitherto  acquired  powers  of 
analysis  at  defiance,  and  demonstrates  that  we  are 
still  in  the  infancy  of  knowledge  and  of  being. 
Here,  all  finite  measures  fail  us  in  attempting  to 
scan  such  amazing  objects,  and  to  penetrate  into 
such  unfathomable  recesses  ;  length,  breadth, 
depth,  and  bight,  and  time  and  space,  are  lost. 
We  are  justly  filled  with  admiration  at  the  amaz- 
ing grandeur  of  the  Milky  Way,  where  suns  and 
worlds  are  counted  by  millions.  When  exploring 
its  dimensions  and  sounding  its  profundities,  we 
seem  to  have  got  a  view  of  a  universe  far  more 
expansive  than  what  we  had  previously  conceived 
to  be  the  extent  of  the  whole  creation.  But  what 
shall  we  say  if  this  vast  assemblage  of  starry  sys- 
tems be  found  to  be  no  more  than  single  nebula, 
of  which  several  thousands,  perhaps  even  richer 
in  stars,  have  already  been  discovered!  and  that  it 
bears  no  more  proportion  to  the  whole  of  the  .side- 
real heavens  around  us,  than  a  small  dusky  speck 
which  our  telescopes  enable  us  to  descry!  Yet 
such  is  the  conclusion  which  we  are  led  to  deduce 
from  the  discoveries  which  have  been  lately  made 
respecting  the  different  orders  of  the  nebuloe,  of 
which  I  shall  now  proceed  to  give  a  brief  descrip- 
tion. 

'  The  word  nebula  literally  signifies  a  cloud,  or 
mist.  This  name  is  now  used  in  astronomy  to 
denote  certain  small  spots,  resembling  whitish 
clouds,  which  are  seen  in  the  starry  heavens  by 
the  telescope,  and  which  present  different  kinds 
of  appearances;  either  that  of  single  stars  enve- 
loped in  a  nebulous  vail,  or  of  groups  of  small 


stars,  or  only  the  appearance  of  a  shining  or  glit- 
tering cloud:  which  last  are  the  nebulfe  properly 
so  culled.  The  following  are  some  general  obser 
vations  on  the  Nebula3  by  Sir  William  Herschel. 
The  success  which  accompanied  the  observations 
of  this  eminent  astrouomer  in  reference  to  the 
Milky  Way,  induced  him  to  turn  his  telescope  to 
the  nebulous  parts  of  the  heavens,  of  Vi'hicii  an 
accurate  list  had  been  published  in  the  Connois- 
sance  des  Temps*  for  1783  and  17S4.  Most  of 
these  yielded  to  a  Newtonian  reflector  of  Hi)  feet 
focal  distance,  and  12  inches  aperture,  which 
plainly  discovered  them  to  be  composed  of  stars, 
or  at  least  to  contain  stars,  and  to  show  every 
other  indication  of  their  consisting  of  them  en 
tirely. 

"The  nebulsE,"  says  he,  "are  arranged  into 
strata,  and  run  on  to  a  great  length;  and  some  of 
them  I  have  been  able  to  pursue,  and  to  guess 
pretty  well  at  their  form  and  direction.  It  is 
probable  enough  that  they  may  surround  the 
whole  starry  sphere  of  the  heavens,  not  unlike  the 
I\Iilky  Way,  which  undoubtedly  is  nothing  but  a 
stratum  of  fixed  stars.  And  as  this  latter  im- 
mense starry  bed  is  not  of  equal  breadth  or  luster 
in  every  part,  nor  runs  on  in  one  straight  direc- 
tion, but  is  curved  and  even  divided  into  two 
streams  along  a  very  considerable  portion  of  it, 
we  may  likewise  expect  the  greatest  variety  in 
the  strata  of  the  clusters  of  stars  and  nebula. 
One  of  these  nebulous  beds  is  so  rich,  that  in 
passing  through  a  section  of  it,  in  the  time,  of 
only  thirty-six  minutes,  I  have  detected  no  1«S3 
than  thirty-one  nebulffi  all  distinctly  visible  upon 
a  fine  blue  sky.  Their  situation  and  shape,  as 
well  as  condition,  seem  to  denote  the  greatest 
variety  imaginable.  In  another  stratum,  or  per- 
haps a  different  branch  of  the  former,  I  have  seen 
double  and  treble  nebuliE  variously  arranged; 
large  ones  with  small,  seeming  attendants;  nar- 
row but  much  extended  lucid  nebulaj  or  bright 
dashes;  some  of  the  shape  of  a  fan,  resembling 
an  electric  brush  issuing  from  a  lucid  point; 
others  of  the  cometic  shape,  with  a  seeming 
nucleus  in  the  center,  or  like  cloudj'  stars  sur- 
rounded with  a  nebulous  atmosphere.  A  different 
sort  again  contain  a  nebulosity  of  the  milky  kind, 
like  that  wonderful  inexplicable  phenomenon 
about  fl  Oriouis;  while  others  shine  with  a  fainter 


*  Connoiasance  drs  Temps,  or  as  it  is  sometimes  written, 
Connaissance  dcs  Tem^,  literally  signifies  the  knowledge  of 
time.  It  is  the  title  of  an  Almanac,  or  astronomical  ephe 
meris,  publislied  at  Paris,  on  nearly  the  same  plan  as  the 
"  Nautical  Almanac,"  published  at  London.  The  following 
is  the  title  of  one  published  in  the  year  182.5: — "Connais- 
saince  des  Terns,  ou  des  Movemens  Celestes,  a  I'Usa^e  des 
Astronomes  et  des  Navigateurs,  pour  I'an  1828.  Publie* 
par  le  Bureau  des  Longitudes."    It  contains  216  pages.     __ 


LAMBERT'S  VIEW   OF  THE  UNIVERSE. 


67 


mottled  kind  of  light,  which  denotes  their  being 
resolvable  into  stars.'' 

"  In  my  late  observations  on  nebulcR,"  says  Sir 
William  on  another  occasion,  "  I  have  found  that 
I  generally  detected  them  in  certain  directions 
rather  than  in  others;  that  the  spaces  preceding 
them  were  generally  quite  deprived  of  their  stars, 
so  as  often  to  afford  many  fields  without  a  single 
Etar  in  it;  that  the  nebulaj  generally  appeared 
some  time  after  among  stars  of  a  certain  consid- 
erable size,  and  but  seldom  among  very  small 
stars;  and  when  I  came  to  one  nebulsp,  I  generally 
found  several  more  in  the  neighborhood;  that 
afterward  a  considerable  time  passed  before  I 
came  to  another  parcel.  These  events  being 
often  repeated  in  different  altitudes  of  my  instru- 
ment, and  some  of  them  at  considerable  distances 
from  each  oflier,  it  occurred  to  me  that  the  inter- 
mediate spaces  between  the  sweeps  might  also 
conttiin  nebulie;  and  finding  this  to  hold  good 
more  than  once,  I  ventured  to  give  notice  to  my 
assistant  at  the  clock  that  'I  found  myself  on 
nebulous  ground.'  "  From  these  observations  of 
Herschel,  it  appears  that  the  nebnlce  are  not  dis- 
persed indiscriminately  through  the  heavens,  but 
are  found  in  certain  regions  and  directions  rather 
than  in  others,  and  that,  as  formerly  stated,  they 
probably  make  the  circuit  of  the  heavens,  inter- 
secting at  a  certain  angle  the  Milky  Waj'. 

More  than  eighty  years  ago,  it  was  suggested 
by  the  celebrated  mathematician  and  astronomer, 
M.  Lambert,  in  his  "Letters  on  Cosmogony," 
that  all  the  stars  in  the  universe  are  collected  into 
systems;  that  all  the  systems. are  in  motion;  that 
the  individual  stars  or  suns  of  each  system  move 
round  a  common  center  of  gravity,  which  may 
possibly  be  a  large  opaque  globe;  and  that  all  the 
systems  of  the  universe,  as  one  related  system, 
revolve  around  some  grand  centeh,  common  to 
the  whole.  "All  those  systems  of  worlds,"  says 
this  astronomer,  "  resemble,  though  on  a  small 
scale,  the  solar  system,  inasmuch  as  in  each  the 
stars  of  which  it  is  composed  revolve  round  a 
common  center,  in  the  same  manner  as  the  planets 
and  comets  revolve  round  the  sun.  It  is  even 
probable  that  several  individual  systems  concur  in 
forming  more  general  systems,  and  so  on.  Such, 
for  example,  as  are  comprehended  in  the  Milky 
Way,  will  make  component  parts  of  a  more  en- 
larged system;  and  this  way  will  belong  to  other 
milky  ways,  with  which  it  will  constitute  a  whole. 
If  these  last  are  invisible  to  us,  it  is  by  reason  of 
their  immense  distance.  It  would  not  be  at  all 
astonishing,  if  milky  ways,  situated  still  farther 
from  us  in  the  depth  of  the  heavens,  should  make 
no  impression  on  the  eye  whatever."  Again — 
"  The  sum  of  the  milky  ways,  taken  together,  have 
their  common  center  of  revolution;  but  how  far 
soever  we  may  thus  extend  the  scale  we  must 
necessarily  stop  at  last;  and  where?  At  the 
center  of  centers,  at  the  center  of  creation,  which 
I  should 'be  inclined  to  term  the  capital  of  the 
universe,  inasmuch  as  thence  originates  motion 
of  every  kind,  and  there  stands  the  great  wheel 
in  which  all  the  rest  have  their  indentation.  From 
thence  the  laws  are  issued  which  govern  and 
Uphold  the  universe,  or,  rather,  there  they  resolve 
themselves  into  one  law  of  all  others  the  most 
simple.  But  who  would  be  competent  to  measure 
the  space  and  time  which  all  the  globes,  all  the 
Worlds,  all  the  worlds  of  worlds,  employ  in  re- 
volving round  that  immense  body — the  Throne 
of  Nature  and  the  Footstool  of  the  Divinity! 
What  painter,  what  poet,  what  imagination  is 
sufficiently  exalted  to  describe  the  beauty,  the  mag- 
nificence, the  grandeur  of  this  source  of  all  that 
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is  beautiful,  great,  magnificent,  and  from  which 
order  and  harmony  flow  in  eternal  streams  througli 
the  whole  bounds  of  tbe  universe." 

The  discoveries  made  by  Sir  W.  Herschel  ia 
reference  to  the  nebulae  have  in  part  realized  some 
of  the  views  suggested  by  Lambert  in  regard  to 
the  general  arrangements  of  the  systems  of  the 
universe.  They  afford  convincing  evidence  that 
the  stars  are  not  dispersed  as  it  were  at  random, 
in  a  kind  of  magnificent  confusion,  but  are 
distributed  systematically,  in  immense  clusters, 
throughout  the  regions  of  boundless  space. 

There  are  various  forms  and  classes  of  nebulae 
which  we  shall  notice  in  the  sequel,  but  they  may- 
all  be  reduced  to  two  great  classes, — the  resolvable 
and  irresolvable;  that  is,  those  which  may  be 
resolved  into  clusters  of  stars  by  powerful  tele- 
scopes, and  those  which  no  telescope  hitherto 
constructed  has  yet  been  able  to  resolve  into 
starry  groups. 

Prior  to  Sir  W.  Herschel's  observations  on  the 
nebuke,  about  a  hundred  of  these  objects  had 
been  descried  in  different  parts  of  the  heavens,  of 
which  an  account  had  been  given  by  Messier,  as 
formerly  stated.  About  2000  more  were  after- 
ward discovered  by  the  unwearied  exertions  of 
our  British  astronomer,  a  description  of  which 
was  inserted  at  different  periods  in  the  Philosophi- 
cal Transactions.  The  places  of  these  were  after- 
ward computed  from  his  observations,  and  arranged 
into  a  catalogue,  in  the  order  of  right  ascension, 
by  his  sister,  Miss  Caroline  Herschel;  a  lady  sin- 
gularly eminent  for  her  astronomical  knowledge, 
who  assisted  him  in  all  his  sidereal  labors  and 
discoveries,  and  was  herself  a  discoverer  of  sev- 
eral interesting  celestial  phenomena,  partiftclarly 
comets.  Her  illustrious  nephew.  Sir  John  Her- 
schel, read  a  paper  before  the  Royal  Society  in 
November,  1833,  in  which  he  gives  the  places  of 
2500  nebulae,  or  clusters  of  stars,  of  which  500 
were  detected  by  his  own  observations,  the  rest 
having  been  accurately  determined  by  his  father. 
Beside  these,  more  than  500  nebulse  have  been 
discovered  in  the  southern  hemisphere  of  the 
heavens,  of  which  the  Magellanic  clouds  are  the 
most  conspicuous  and  the  most  remarkable.  They 
are  three  in  number,  two  of  them  being  neareacli 
other;  the  largest  is  at  a  considerable  distance 
from  the  south  pcle,  but  the  other  two  are  only 
eleven  degrees  distant.  To  the  naked  eye,  they 
appear  like  portions  of  the  Milky  Way. 

These  nebulaa  have  great  variety  of  forms: 
some  are  comparatively  bright,  and  others  so 
obscure  as  to  render  it  difficult  to  detect  them  in 
the  field  of  the  telescope,  or  to  ascertain  their 
shape.  Some  of^tbem  appear  round,  some  oval, 
and  others  of  a  long  elliptic  shape;  some  exhibit 
an  annular  form,  like  luminous  rings,  and  others 
like  an  ellipsis  with  a  dark  space  in  the  center; 
but  the  greater  number  approximate  to  a  roundish 
form.  Of  the  103  nebuloe  inserted  in  Messier's 
list,  eighteen  were  known  at  the  time  to  consist 
of  small  stars;  but  Sir  W.  Herschel  afterward 
found  twenty-six  more  of  them  to  consist  purely 
of  clusters  of  stars,  eighteen  of  small  stars  accom- 
panied with  nebulosity,  and  the  remainder  not 
resolvable  into  stars  by  the  highest  powers  of  hit 
telescopes.  It  is  evident  that  these  objects,  how- 
ever apparently  small  and  obscure,  must  be  bodies 
of  immense  magniiiide,  when  we  take  into  consid' 
eration  the  vast  distance  at  which  they  must  be 
placed  from  our  globe.  The  following  are  Sir 
W.  Herschel's  views  on  this  point: 

"My  opinion  of  their  size  is  grounded  on  the 
following  observatio:is: — There  are  many  round 
nebulas  of  about  five  or  six  minutes  in  diameter^ 
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the  stars  of  which  I  can  see  very  distinctly;  and    arc  found  by  actual  obspi-vation  to  bo  composed  ol 


countless  uiinibers  of  stars,  leaving  us  no  room  '•,0 
doubt  that  the  most  distant  are  also  immense  sys- 
tems of  stars,  how  great  must  be  the  inaynitude, 
and  how  inexpressible  the  grandeur,  of  the  nu- 
merous luminaries  of  wliich-they  are  composed  I 
I  have  stated  above  that  more  than  tiuee  thou- 
sand  nebulte  have   already  been   discovered,  and 


on  couipun;;g  them  with  the  visual  ray  calculated 

from  some  of  my  long  gauges,  I  suppose,  by  the 

appearances  of   the  small  stars  in  those  gauges, 

that  the  centers  of  these  round  nebuliB  may  be 

600  times  the  distance  of  Sirius  from  us."     Ho 

then  goes  on  to  show  that  the  stars  in  such  nebulte 

are  probably  twice  as  much  condensed  as  those 

of  our  system,  otherwise  the  center  of  it  would    whose  places  in  the  heavens  have  been  ai-cu rate! y 

not  be  less  than  6000  times  the  distance  of  Sirius,    determined,    so    that   those    who   have  Jiccess  ta 

ftnd   that  it  is  possibly  much  underrated   by  sup-    powerful    telescopes  may   have  an  opporiunity  of 

posing  it  only  GOO  times  the  distance  of  that  star,    observing  the  greater  part  of  theiii      From  all  tlio 

"Some  of  these  round  nebulas  have  others  near    observations  made  by  Sir  W.Herscbe!, he  isofo'jin- 

Ihem,  perfectly  similar  in  form,  color,  and    the    ion  that  our  nebula,  or  the  Milky  Way,  is  not  the 

distribution  of  stars,  but  of  only  half  the  diameter;  |  most  considerable  in  the  universe.  ;  and  lie  points 

and  the  stars  in  them  seem  to  be  doubly  crowded,  j  out  some  very  remarkable  nebula?  which  in  Jiis 


and  only  at  about  half  the  distance  from  each 
other.  They  are  indeed  so  small  as  not  to  be 
visible  without  the  utmost  attention.  I  suppose 
these  miniature  nebuloe  to  be  at  double  the  dis- 
tance from  the  first.  An  instance  equally  re- 
markable and  instructive  is  a  case  where,  in  the 
neighborhood  of  two  such  nebulte  as  have  been 
mentioned.  I  met  \\'A\\  a  third  similar,  resolvable, 


opinion  cannot  be  less,  but  are  probably  much 
larger,  tlian  that  of  which  uur  own  sun  and  sys- 
tem form  a  part.  Now,  on  these  grounds  V;\,  U3 
consider  what  must  be  the  extent  and  magnitude 
of  only  the  visible  universe.  Supposing  the  num- 
ber of  stars  composing  the  Milky  way,  to  be  ten 
millions,  which  is  only  half  the  number  formerly 
assigned,  (p.  59),  and  that  each  of  the  nebula;  at 


but  much  smaller  and  fainter  nebula.  The  stars  I  an  average  contains  the  same  number;  supposing 
of  it  are  no  longer  to  be  perceived;  but  a  resein- '  further,  that  only  two  thousand  of  the  three 
blance  of  color  with  the  former  two,  and  its  '  thousand  nebuhe  are  resolvable  into  clusters  of 
diminished  size  and  Mght,  may  well  permit  us  to  |  stars,  and  that  the  other  thousands  are  masses  of 
place  it  at  full  twice  the  distance  of  the  second,  a  shining  fluid  not  yet  condensed  into  distinct 
or  about  four  or  five  times  the  distance  of  the  i  himinous  globes;  the  number  of  stars,  or  suns, 
first;  and  yet  the  nebulosity  is  not  of  the  milky  !  comprehended  in  that  portion  of  the  hnnament 


kind,  nor  is  it  so  much  as  ditBcultly  resolvable  or 
colorless.  Now  in  a  few  of  the  extended  nebulae, 
the  light  changes  gradually,  so  as  from  the  re- 
solvable to  approach  to  the  milky  kind;  which 
appears  to  me  an  indication  that  the  milky  light 
of  nebula;  is  owing  to  their  much  greater  distance. 
A  nebula,  therefore,  whose  light  is  perfectly 
milky  cannot  well  be  supposed  to  be  at  less  than 
six  or  eight  thousand  times  the  distance  of  Sirius; 
and  though  the  numbers  here  assumed  are  not  to 
be  taken  otherwise  than  as  very  coarse  estimates, 
yet  an  extended  nebula  which  in  an  oblique  situa- 
tion, where  it  is  possibly  foreshortened  by  one- 
half,  two-thirds,  or  three-fourths   of    its    length. 


which  is  within  the  reach  of  our  telescopes  would 
be  20,000,000,000,  or  ticen{?j  tJwumud  millions, 
which  is  twenty  mijiions  of  time.s  the  numhcr  of 
all  the  stars  visible  to  the  naked  eye. 

Great  as  the  number  is,  and  magnificent  and 
overpowering  as  the  ideas  are  which  it  sug-gesta 
of  the  extent  of  creation,  yet  these  vast  asseia- 
blages  of  systems  may  be  no  more  than  as  a 
single  nebula  to  the  whole  visible  firmament,  or 
even  as  a  grain  of  sand  to  the  whole  earth,  com- 
pared with  what  lies  beyond  the  range  of  human 
vision,  and  is  hid  fom  mortal  eye  in  the  bo\nullesg 
and  unexplored  region  of  immensity  !  Beyond 
the   boundaries  of  all  that  will  ever  be  visihie  to 


eubtends  a  degree  or  more  in  diameter,  cannot  be  |  the   inhabitants  of  our  globe,  an   infinite  region 


otherwise  than  of  a  wonderful  magnitude,  and  may 

well  OUTVIE  OUR  MILKY  W.VV  I.\  GRANDEUR." 

It  appears  to  be  a  very  natural  conchuion,  that 
tlie  nebula?  which  are  perfectly  similar  in  form, 
color,  and  the  distribution  of  stars,  but  only  half 
the  diameter,  and  the  stars  doubly  crowded,  are 
about  double  the  distance  from  the  first.  And  if  the 
distance  of  the  larger  nebula;,  whose  stars  are  dis- 
tinctly seen,  be  at  least  600  times  the  distance  of 
Siriu',  as  tnere  is  every  reason  to  believe,  then,  the 
distance  of  those  which  are  only  h-'.!f  the  diameter 
must  be  about  1200  limes  the  distance  of  that  star  ; 


exists,  in  which  we  have  every  reason  to  believo 
the  Deity  sits  enthroned  in  all  the  grandeur  of  his 
overflowing  goodness  and  omnipotence,  presid- 
ing over  innumerable  systems  far  surpassing 
in  magnificence  what  "eye  hath  j'et  seen"  or 
the  most  brilliant  intellect  can  conceive.  For 
we  ought  never  for  a  moment  to  surmise  that  the 
operations  of  Almighty  Power  are  exhausted  at 
the  point  where  the  efforts  of  genius  and  art  can 
no  longer  afford  us  assistance  •':)  *,viC'"nT  the  foot- 
steps of  the  divinitv  through  the  mysterious  re- 
gionsof  infinitude;  norshouldwe  ever  suppose  that 


that  is  at  the  very  least,  24,000,000,000,000,000,  !  man,  placed  on  such  a  diminutive  bull  as  the  earth, 
or  twenty-four  thousand  billions  of  miles.  But  i  and  furnished  with  powers  of  so  limited  a  nature 
the  nebula;  whose  light  is  "perfectly  milky,"  or  ;  as  those  with  which  he  is  now  invested,  will  ever 
so  far  removeii  from  us  that  the  stars  of  which  they  j  be  able  to  grasp  the  dominions  of  Him  who  fills 
are  composed  cannot  be  separately  distinguished,  '  immensity  with  his  presence,  and  "  whose  waya 


may  be  justly  considered  as  seven  thousand  times 
the  distance  of  Sirius,  or,  in  numbers,  16S,000,- 
000,000,000,000,  or  one  hundred  and  sixty-eight 
thousand  billions  of  miles  ! — a  distance  of  which 
we  can  have  no  distinct  conception.  Light,  not- 
withstanding its  amazing  velocity,  would  be 
nearly  thirty  thousand  years  ere  it  could  fly  from 
such  nebulcc  to  the  earth,  and  a  cannon  ball, 
with  its  utmost  velocity,  would  require  more  than 
ildrty-eight  tlvausand  millions  of  years  before  it 
could  move  over  an  equal  space.  Since  the  dis- 
tance of  these  nebulae  is  so  immense,  and  since 
those  which  are  amongst  ttie  largest  and  nearest 


are  past  finding  out." 


SECTION   II.  ; 

On  tkz  various  ki.nds  op  nebuLjB. 

I  HAVE  already  aUuded  to  the  difTerent  shapo« 
or  forms  of  nebulte.  These  objects,  on  account  of 
their  appearing  with  different  degrees  of  luster, 
and  assuming  a  great  variety  of  shapes  and  modi- 
fications, have  been  arranged  into  different  classes 

1.  The  first  class  is  tliat  of  clusters  of  stars,  in 
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which  the  separate  stars  are  clearly  distinguished  ]  scopes  have  hitherto  been  able  to  reso've  into  stars, 
by  good  telescopes.     I'his  class  is  again  divided    and  which  is  supposed  to   be   a   species  of  iii;itter 


in  \  aidii-..  por- 
tiM   w    1   '>  til   y 


^f^^('y,i"-^r^^^^\^l 


into  globular  cliisters,or  those  which  ippeai  of  a  I  (ilTiM  d  thionghoiit  ii  finitf 
roundisli  form,  and  somewhat  couipu'^-'  il  to  \  ird  tinii^  Mid  (i 'f.ieei  of  c  ojii.,eii-- 1 
tlie  center;  and  irreijidar  clusters 
or  tiiose  which  are  ntdlher  cir- 
cular nor  elliptical,  hut  of  a  some- 
what inuetinite  or  angular  form. 
These  lust  are  generally  less  rich 
in  stars,  and  less  condensed  to- 
ward the  center,  and  are  like- 
wise less  definite  in  their  out- 
line, so  that  their  tiM'tiiination  in 
many  cases  cannot  be  distinctly  4 
perceived.  In  some  of  them  the 
stars  are  nearly  all  of  the  same 
size,  in  others  extremely  difier- 
eut ;  and  "  it  is  no  uncommon 
thing,"  says  Sir  J.  Herschel,  "  to 
i\nil  a  very  red  star,  much  bright- 
er than  the  rest,  occupying  a  con- 
spicuous situation  in  them."  Sir 
W.  Herschel  regards  these  as  glo- 
bular clusters  in  a  less  advanced 
state  of  condensation,  conceiving 
all  such  groups  as  approaching, 
by  tlieir  mutual  attraction,  to  the 
globular  figure,  and  assembling 
themselves  together  from  all  the 
surrounding  region,  under  laws 
of  wiiicli  we  have  no  other  proof 
tlian  the  observance  of  a  grad  i- 
tion  by  which  their  charactu^ 
shade  into  one  another,  so  that '^ 
it  is  impossible  to  say  where  one 
species  ends  and  the  other  be- 
gins. Fig.  41,  formerly  refei- 
red  to,  represents  one  of  the  glo- 
bular clusters  in  the  constella- 
tion Hercules.  Fig.  42  is  a  vi(  w 
of  a  curious  but  somewhat  in  e- 
gular  group,  seen  in  the  southei  n 
hemisphere,  as  sketched  by  Mr. 
Dunlop,  at  Paramatta, New  Sou  til 
Wales.  It  is  the  30  Doradus,  oi 
Xipheas,  and  is  rather  a  gingul  ir 
object,  but  evidently  a  large  clus-  4. 
ter  of  stars,  presenting  two  oi 
three  very  condensed  strata,  as 
if  they  were  crowded  to  excess 
by  an  immense  confluence  of 
stars. 

2.  Another  class  that  is  termed  reso/«aWenebula2, 1  in  the  course  of  ages,  be  condensed  into  stars  or 
or  those  which  lead  us  to  suppose  that  they  consist    starry  systems.     The  following   is  a  description 


of  stars  which  would  bo  separately  distinguishable 
by  an  increase  of  light  and  magnifying  power  in 
the  telescope.  These  may  he  considered  as  clus- 
ters too  remote  to  he  distinctly  seen,  the  stars  com- 
posing which  are  either  too  faint  in  their  light  or 
too  small  in  size  to  make  a  definite  impression 
upon  the  oigans  of  vision.  They  are  almost  uni- 
versally round  or  oval,  which  is  supposed  to  be 
owing  to  their  loose  append;ges  and  irregularities 
of  form  being  extinguislied  by  their  distance,  the 
general  figure  of  the  central  or  more  condensed 
parts  being  only  discernible.  "  It  is  under  the 
appearance  of  objects  of  this  character,"  says  Sir 
J.  Herschel,  "  that  all  the  greater  globular  clus- 
ters exhibit  themselves  in  telescopes  of  insufHcient 
optical  power  to  show  them  well  ;  and  the  con- 
clusion is  obvious  that  those  which  the  most  pow- 
erful can  barely  render  resolunble,  would  he  com- 
pletely resolved  by  a  further  increase  of  instru- 
mental force. 

3.  Beside  the  above,  there  is  an   immense  va- 
riety of  nebulte,  properly  so  called,  whicli  no  tele- 


of  some  of  the  more  remarkable  varieties  of  this 
class  of  nebulee. 

Fig.  43  represents  a  nebula  of  an  elliptical  or 
spindle-like  form.  It  is  visible  to  the  naked  eye 
in  a  clear  night,  when  the  moon  is  absent,  and  has 
sometimes  been  mistaken  for  a  small  comet.  It 
appears  like  a  dull,  cloudy,  undelined  spot  upon 
the  concave  of  the  firmament,  and  has  soinetimea 
been  compared  to  the  light  of  a  small  candle 
shining  through  horn.  Its  central  parts  appear 
brightest,  but  its  light  gradually  fades  toward  each 
extremity.  A  few  small  stars  appear  adjacent  to 
it,  and  even  within  its  boundaries,  but  it  appears 
pretty  evident  that  they  have  no  immtdiate  con- 
nection with  the  nebula.  Its  form,  as  liere  delin- 
eated, may  be  seen  with  a  telescope  of  moderate 
power,  but  no  telescope  hitherto  constructed,  even 
with  the  highest  powers  that  could  be  applied,  has 
yet  been  suflicient  to  resolve  it  into  stars.  In  size, 
it  is  nearly  half  a  degree  long,  and  12  or  15  min- 
utes broad.  Though  the  figure  of  this  object  ap- 
pears oval  or  elliptical,  it  is  not  unlikely  that  it  i» 
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in  reality  nearly  of  a  jrlobr'.ar  figure,  and  that  its    tlie  star  v  oi  t!.?t  ron!5tb?'al.on.     It  if  u\ioat  15° 


oval  appearance  is  o\v;iijr  to  its  position  witli  re 
gard  to  our  ej'e.  This  nebula  is  situated  in  the 
girdle  of  Andromeda,  within  a  degree  or  two  of 


nearly  west  from  AttituuJ ,  x  mI  B'-'  north-by- wesi 
of  Merach,  with  whi'.l)  star,  it  forms  nearly  a 
right-angled  triangle,      xt  may  be  seen  in  a  nortlv 


PLATB    V. 
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westerly  direction  in  the  eveni'.igs  of  the  months 
of  January,  February,  and  March,  at  a  considera- 
ble elevation.  It  comes  to  the  meridian  about  the 
middle  of  November,  at  nine  o'clock  in  the  even- 
ing^. Its  right  ascension  is  Oh.  33';  and  north  de- 
clination, 4lJ°  20'.  This  nebula  may  he  considered 
as  a  representative,  on  a  largo  scale,  of  a  numer- 
ous class  of  nebnlre,  which  increases' more  or  less 
in  density  toward  the  central  jjoint.  The  repre- 
sentation of  it  in  the  plate  is  somewhat  longer  and 
narrower  than  it  appears  through  a  telescope  mag- 
nifying 140  times. 

1*  ig.  44  represents  a  kind  of  elliptical  nebula, 
with  a  vacancy  of  a  lenticular  form  in  the  center. 
It  is  pretty  evident  that  such  nebula  are  in  reality 
large  rings,  which  appear  of  an  oval  or  lenticular 
form  in  consequence  of  their  lying  obliquely  to 
our  line  of  vision.  This  is  undoubtedly  a  large 
starry  system,  comprising  perhaps  millions  of 
stars,  at  such  a  distance  that  their  combined  light 
a])pears  only  like  a  faint  nebula.  It  probably  is 
not  much  unlike  the  form  of  our  Milky  Way  in 
wliich  the  snn  is  situated.  Its  right  ascension  is 
2h.  12',  and  north  decl.  41°  3^'.  It  lies  near  y 
Andromeda,  or  Alinaach,  about  4''->  to  the  eastward 
of  that  star,  nearly  in  a  line  between  it  and  Algol, 
in  t!ie  head  of  Medusa,  and  about  19°  east  from 
the  nebula  represented  in  Fig.  43. 

Fig.  4.5  is  a  representation  of  an  annwZarnebula, 
which  may  be  seen  with  a  tekscope  of  moderate 
power.  It  does  not  occupy  so  much  space  in  the 
heavens  as  the  preceding  nebulte,  but  it  is  well 
defined,  and  has  the  appearance  of  a  flat,  solid 
ring.  It  is  not  perfectly  circular,  but  somewhat 
elliptical,  the  conjugate  axis  of  the  ellipse  being 
to  the  transverse  nearly  to  the  proportion  of  4  to 


5.  The  opening  occii^jies  about  half  i(s  diameter, 
and  is  not  enlirely  dark,  but  filled  up  with  a  very 
faint  hazy  light,  uniformly  spread  over  it.  Its 
light  is  not  of  a  pure  milky  white,  but  is  some- 
what mottled  in  its  appearance  near  the  exterior 
edge.  This  curious  phenomenon,  like  the  pre- 
ceding, is  doubtless  an  immense  stellar  system,  sit- 
uated at  an  immeasurable  distance  in  the  profun- 
dity of  space.  It  is  situated  in  the  constellation 
of  Lyra,  exactly  half  way  between  the  stars  /3 
and  y,  so  that  its  position  may  be  found  by  com- 
mon ohsei-vers  without  any  difficulty.  Its  right 
ascension  is  18h.  47';  and  north  declination  32° 
49'.  The  following  cut  (fig.  46)  represents  some 
of  the  principal  stars  in  the  constellation  of  the 
Lyre.  The  largest  star  near  the  upper  part  is 
Vega,  a  bright  star  of  the  first  magnitude;  the 
next  larger  star,  south-by-east  of  which  is  C;  and 
the  other  star  of  the  sune  magnitude  to  the  soutih- 
east  is  y;  between  which  is  the  annular  nebula, 
about  7)^°  from  V^ega. 

Fig.  46  represents  an  object  somewhat  similar 
to  the  above.  It  is  situated  between  the  constel- 
lations Anser  and  Cygnus,  about  91.,°  south  from 
the  star  ^Cygni,  and  17°  east  from  the  phenom- 
enon described  above.  Its  right  ascension  is  20h. 
9';  and  north  declination,  30°  3'.  It  comes  to  the 
meridian,  about  the  10th  of  September,  at  nino 
o'clock  in  the  evening. 

The  opposite  page  contains  representations  of 
several  other  kinds  of  nebulfe,  some  of  which  are 
extremely  curious  and  singular.  Fig.  47  is  a  very 
singular  and  wonderful  object  It  has  the  shape 
of  a  dumb-bell  or  hour-glass  of  bright  matter, 
surrounded  by  a  thin  hazy  atmosphere;  the  two 
connected  hemispheres,  and  the  space  wliich  con- 
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iipcti=  tlii'rn,  aie  beautiful  and  pretty  brigfiit  '^'ift 
oval  is  completed  by  a  space  on  each  side,  vvliicii 
is  much  mors  dim  and  hazy  than  the  two  henii- 
Bpheres.  The  whole  has  an  oval  form,  like  that 
of  an  oblate  splicroid.  Tlie  southern  hemisphere 
is  somewhat  denser  than  the  northern,  and  there 
are  one  or  two  stars  in  it.  It  appears  evidently 
to  be  a  diMise  colleclion  of  stars,  at  an  immeasu- 
rable distance  from  the  region  in  which  we  reside, 
and  leads  us  to  form  an  idea  of  the  endless  diver- 
sities of  shape  and  form  among  those  countless 
assemblages  of  stars  with  which  the  universe  is 
replenisik-d.  This  nebula  is  situated  in  right  as- 
censioi!,  19h.  52';  north  declination,  22°  IC;  in 
the  breast  of  Anser  et  Vulpccula,  about  midway 
between  Aiuireo  in  the  Swan,  and  the  principal 
stars  of  the  Dolphin,  about  three  or  four  degrees 
north  of  Sagitta,  a  star  of  the  fourth  magnitude. 
Fig.  48  is  likewise  a  very  remarkable  object. 
It  consists  of  a  bright  round  nucleus,  or  central 
part,  surrounded  at  a  great  dis- 
tance by  a  nebulous  ring.  This 
ring  appears  split  through  nearly 
tlie  greater  part  of  its  circumfe- 
rence, the  two  portions  of  which 
being  separated  at  about  an  angle 
of  45°.  This  nebula  lies  near  the 
remotest  boundaries  to  which  our 
telescopes  can  carry  us.  It  has 
never  been  resolved  into  stars  by 
the  highest  powers  that  have  yet 
been  applied;  but  there  is  little 
doubt  that  it  is  a  grand  scheme  of  47 
sidereal  systems,  perhaps  exceed- 
ing our  Milky  Way  in  number  and 
magnificence.  It  is  indeed  sup- 
posed to  bear  a  more  striking  re- 
semblance to  the  system  of  stars 
in  which  the  sun  is  placed  than 
any  other  object  which  has  yet 
been  discovered  in  the  heavens,  as 
may  be  perceived  by  turning  to 
figure  .39,  (p.  62),  which  repre- 
sents Sir  W.  Herschel's  scheme 
of  the  Milky  Way;  and  hence  Sir4j; 
John  Herschel  describes  it  as  "  a 
brother  system,  bearing  a  real 
physical  resemblance  and  strong 
analogy  of  structure  to  our  own." 
This  object,  dim  and  distant  as  it 
may  appear  through  our  tele- 
scopes, and  utterly  invisible  as  it  is 
to  the  unassisted  eye,  may  be  con- 
sidered as  a  kind  of  universe  in  it- 
self, ten  thousand  times  more  grand 
and  e.xtensive  than  the  whole  crea- 
tion was  supposed  to  be  in  the  in- 
fancy of  astronomy.  Like  the 
preceding  nebula,  it  shows  us  what 
singular  varieties  of  structure  are 
to  be  found  in  the  systems  which 
compose  the  universe,  and  at  the49 
same  time  it  exhibits  a  certain  re- 
semblance to  another  system  of 
which  we  form  a  part;  and  per- 
haps something  similar,  though 
not  precisely  of  the  same  form 
and  arrangement,  may  be  found 
in  other  parts  of  the  sidereal  heavens.  This  phe- 
nomenon is  situated  near  the  back  of  Asterion, 
nbout  five  degrees  south-by-west  of  Benetnasch, 
the  last  star  in  the  tail  of  the  Great  Bear;  between 
which  star  and  the  nebula  there  is  a  small  star  of 
the  fifth  magnitude,  nearer  to  the  nebula  than  to 
Benetnasch.  Its  rieht  ascension  is  13h.  22';  and 
north  decliiiation,  ib'-"  14. 


Vega,  or 
*  Lyia. 


Figures  49,  50,  52,  53,  54,  55,  56,  57,  and  5R, 
represent  some  specimens  of  nebulous  stars,  or  of 
nebuloe  connected  with  very  small  stars. 


Figure  49  shows  a  nebulosity,  or  something  liko 
a  nebulous  stream,  extending  from  one  small  star 

*  It  may  not  be  improper  here  to  remark,  once  foi  all,  that 
the  hearings  or  directions  of"  the  stars  from  one  another, 
given  here  and  in  other  parts  of  this  vohiiiie,  are  strictly  ap- 
plicable only  when  tlie  principal  star,  trom  wliicli  the  bear- 
ings are  state'!,  is  on  or  near  the  meridian.  When  in  other 
poiilions^  they  wilt  appear  to  a  common  observer  to  have 
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to  another,  as  if  tliere  was  a  communication  be- 
tweon  tliein.  7'l.e  uexi  three  figures  are  repre- 
Kenlations  of  similar  phenomena.  In  fi(,rure  52 
the   nebulous   substance  apjjcars   mucli    broader 


P^J-^^^;';T'i''^v*?7r"«^'^J%^^iaFRV^!1.1»nR«jr.re^fj5j-sm7^w 


than  in  the  others,  tliougli  this  may  possibly  be 
owin^  to  the  nebula  in  its  jrivatest  extent  being 
jireseiitod   to   our  line  of  vir-ion. 

P'iguri^s  54,  55,  'yii,  are  very  sniall  stars,  with  faint 
and  sniall  nehn'm  attached  to  then)  in  thesiiapeof 
a  puff.  Fig.  57  is  a  small  star,  with  a  sm:<ll,  faint, 
fan-s!iaped  nebulosity  joiued  to  it.  Fig.  58  repre- 
sents two  considerable  stars  involved  in  a  very 
faint  nebulosity  of  three  or  four  minutes  in  ex- 
tent. What  this  nebulous  substance  in  reality  is, 
or  what  coiineciiou  it  may  have  with   the  stars 


rtifTerent  bpniin^s;  for  example,  the  stnr  T^cfra  or  Lyra,  in 
the  iil)ove  tijnre,  when  about  M  orOtP  abo\>i?  tlie  western  hor- 
izon, will  n[i|)e;ir  at  an  pf]nal  altitiule  as  tlie  ^tnr  Brta,  soiith- 
west-by-soutli  of  it;  and  wlien  aljout  liO  or  4ii''  fliove  the 
eastorn  hnri/on,  the  two  stars  will  I'lipear,  the  one  il;rectlv 
above  or  hfilow  the  other.  This  <iifierenc:e  in  t!ie  apparent 
(lireciion?  of  the  stars  Croin  eai;h  other  \<  most  observable  in 
those  which  arc  near  the  pole;  for  exatn[ile,  the  stars  of  the 
(ireat  Kear  appear  in  one  part  of  f'n'.r  rcvol'ition  wc^t  from 
the  pole,  and  in  another  part  of  their  course  pii.st  of  it.  Tbe>e 
ami  other  ciri'iivn«'anres  re'jnjre  to  te  attendcri  to,  in  oruei 
to  finil  particnla-T  stars  by  their  beariajs  from  one  or  more 
principal  s  nrs. 


wliioh  appear  in  its  vicinity,  it  is  difficwlt  to  con- 
jecture. It  is  a  species  of  nebula;  wiiich  does  not 
appear  to  bo  resolvable  into  stars,  and  there' 
fore  may  be  regarded  as  a  distinct  luminous 
substance difFused  throughoutdif- 
feient  regions  of  the  universe, 
subserving  some  important  de- 
signs in  tiie  physical  economy  of 
gy  creation  of  which  we  are  igno- 
rant. Specimens  of  some  of  these 
]  henomeiia  will  be  found  in  the 
Ijllowing  situations: — 1.  Riglit 
ascension,  20h.  5()';  north  decli- 
nation, no  24';  a  little  to  the  east 
of  the  cluster  of  stars  called  tlie 
Dolphin.  2.  Riglit  ascension,  8h. 
40  ;  north  declination,  54°  25'; 
about  seven  degrees  north-west 
of  the  star  TLeta  of  tlie  Great 
P  ar.  3.  Right  ascension,  12h, 
1  ,  north  declination,  85°  47'; 
1  out  four  degrees  south  of  the 
star  Cur  Caroli,  the  principal  star 
in  the  Greyhounds.  4.  Right  as- 
ci-nsion,  Ch.  !^0';  north  declina- 
tion, 8°  53';  which  is  in  the  head 
of  Monoceros,  or  the  Unicorn, 
about  eleven  degrees  east  of  Bet- 
elguese,  in  the  right  shoulder  of 
Orion,  and  about  seven  degrees 
due  south  of  Gemini,  which  is  in 
the  left  foot  of  one  of  the  twins. 
^62  Figures  59  to  6'5  represent  a 
few  specimens  of  objects  which 
conic  under  t!ie  denomination 
of  extensive  diffusive  nebulosities 
These  phenomena  were  very  littlo 
noticed  until  lately,  and  can  only 
be  perceived  by  telescopes  of 
large  aperture,  which  collect  a 
great  quantity  of  liuht.  In  ad- 
verting to  one  of  th'^se  objects, 
Sir  W.  Herscliel  describes  it  as  fol- 
lows:— "Extreme  faint  branch- 
ing nebulosity;  its  whitishness  \a 
entirely  of  the  milky  liind,  and  it 
is  brighter  in  three  or  four  places 
than  the  rest;  the  stars  of  the 
Milky  Way  are  scattered  over  it 
in  the  same  maiiiicr  as  over 
tiie  rest  of  the  heavens.  Its  ex- 
tent in  the  jiarallrl  is  nearly 
one  degree  and  a  half,  and  in 
the  merrlional  direction  about  fifty-two  min- 
utes." It  appears  that  this  dilTused  iiflnilosity 
is  very  extensive;  for  of  fit'ty-fwo  nebulte  of 
this  description  which  had  never  been  before 
observed,  Ilerschel  found  them  to  occupy  no  le.'^s 
than  152  s»]uare  degrees.  A  specimen  of  an  ex- 
tensive difTtisive  nebula  of  this  description  is  re- 
presented in  fig.  59. 

Sir  W.  Herscbel  lias  presented  ii.~  n-ith  I'ourleen 
specim<'iis  related  to  this  class,  of  what  no  'e/nis 
ni-bulosities  joined  to  nehults,  one  of  which  is  re- 
presented in  fig.  60,  where  a  bright  nebulous 
speck  is  connected  with  a  faint  nebulosity,  wiiich 
seems  to  proceed  from  it  as  fioin  a  central  point, 
increasing  in  brea^lth  in  proportion  to  the  di.s- 
tance,  until  it  terminates  in  a  kind  of  irn  gulir 
mavgin.  Fiff.  (>]  refirescnts  what  is  called  a  vvJInj 
■nebula  vnlh  cnndensatMn.  It  appears  to  he  a  round- 
ish nebula,  condensed  toward  tiie  central  parts. 
It  is  natural  to  suppose,  wuen  we  ste  a  r'adual 
incrsase  of  liglit,  that  there  is  a  condensation  of 
liie  substance  which  produces  it  in  the  sjiace 
wiiich   appears    brightest,    or    at  least  that    the 
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state.     This  proportion  of  density  is  mora  than 
double  tliut  of  water  to  air." 

The  small  nebulae  represented  in  No.  70  are 
stellar  nebula,  which  approach  to  the  appearance 
of  stars,  and  one  or  two  of  doubtful  ciiaracter. 
Tiie  four  figures  marked  No.  71,  represent  sepa- 
rate views  of  the  gradual  condensation  of  the 
nebulous  substance.  In  these  we  may  evidently 
perceive  a  striking  gradation  in  the  light  and  brii- 


inniinous  substance  isdeeper  in  the  brighter  space. 
Some  of  the  nebulosities  of  this  class  are  not  al- 
ways extensively  diffused,  but  are  sometimes  met 
with  in  detached  collections,  near  to  each  other,  but 
completely  separati>,  as  represented  ata,  h,  c.  fig.  G'2. 
A  diffused  nobulopity  of  this  kind  may  be  seen 
about  .six  or  seven  degrees  due  east  from  the  star 
Zeta  Cygni,  near  the  back  or  tail  of  Anser.     Its 
right  ascension  is  20h.  3S',  and  north  declination 
30°  6'.     Another,  whose  right  as- 
cension is  20a.  4,T,  and  north  de- 
clination  31°  3',   is    found   about 
three   or  four  degrees  north-west  C 
of  Zeia  Cygui,  and  within  two  or 
three  degrees  of  the  preceding. 

P'igures  63,  6-1,  and  65,  are  re- 
presentations of  nebulffi  which  are 
brighter  in  more  than  one  place, 
wiiicii  appearance  is  supposed  to 
be  owing  to  so  many  predominant  gy'i 
seats  of  attraction,  owing  to  a  su- 
perior preponderance  of  the  neb- 
ulous matter  in  those  places,  caus- 
ing a  division  of  it,  from  which 
will  arise  three  or  four  distinct 
nebula. 

FijTures  66  to  71  are  representa- 
tions of  nebulce  of  various  des- 
criptions. The  three  upper  fig- 
ures, numbered  66,  are  nebulas 
that  are  suddenly  much  brighter  in 
the  middle.  A  nucleus  to  which 
these  nebulas  seem  to  approach  is 
considered  as  indicating  consolida- 
tion; and  that,  should  we  have 
reason  to  conclude  that  a  solid 
body  can  be  formed  of  condensed 
nebulous  matter,  the  nature  of 
which  has  been  chiefly  deduced 
from  its  shining  quality,  we  may 
possibly  be  able  to  view  it  with  , 
respect  to  some  other  of  its  pro- 
perties.  The  three  figui-es.  No. 
67,  represent  extended  nebula  and 
round  nebula:,  that  show  the  progress 
of  condensation.  These  nebulce  ap- 
pear further  condensed  than  the 
preceding,  and  appear  surrounded 
with  the  rarest  nebulous  matter, 
which,  not  having  as  yet  been  con- 
solidated with  the  rest,  remains 
expanded  about  the  nucleus  iu  the  '^ 
shape  of  a  very  extended  atmo- 
sphere. The  three  figures  in  the 
third  row  from  the  top  of  the  plate, 
marked  No.  68,  and  the  first  figure 
to  the  left  hand  of  No.  63,  repre- 
sent nebulffl  which  are  almost  of  a  uniform  light,  i  liancy  of  the  central  parts.  The  figure  on  the  left- 
and  nebulcB  that  draw  progressively  toward  a  '  hand  side  represents  an  object  nearly  in  its  ori- 
period  of  final  condensation.  "In  the  course  of  !  ginal  state  of  nebulosity;  the  next  toward  the 
the  gradual  condensation  of  the  nebulous  matter,"  [right  appears  considerably  condensed  toward  the 
says  Sir  W.  Herschel,  "  it  may  be  expected  that  a  ,  central  p^irts;  the  third  figure  represents  a  conden- 
time  must  come  when  it  can  no  longer  be  com-  i  sation  still  greater;  and  the  one  on  the  right-hand 
pressed,  and  the  only  cause  which  we  may  sup-  |  exhibits  a  condensation  nearly  complete,  or  a 
pose  to  put  an  end   to  the  compression  is,  when    huge  luminous  body  surrounded  with  a  lucid  at- 


the  consolidutod  mass  assumes  hardness.  From 
the  size  of  the  nebula^,  as  we  see  them  at  present, 
we  cannot  form  an  idea  of  the  original  bulk  of 
the  nebulous  matter  they  contain;  but  let  us  admit, 
for  die  sake  of  computation,  that  the  nebulosity 
of  a  certain  nebula,  v^b.en  it  was  in  a  state  of  dif- 
fusion, took  up  a  space  of  ten  minutes  in  every 
cubical  direction  of  its  expansion,  then,  as  we 
now  see  it  collected  into  a  globular  compass  of 
less  tlian  one  minute,  it  must  of  course  be  more 
tlian  1301)  times  denser  than  it  was  iu  its  original 


mosphere.     Each  of  these  is  the  representative  of 
an  extensive  class  of  objects  of  this  description. 


SECTION   III. 

On  planetary  nebula. 

This  designation  is  given  to  a  class  of  nebulao 
which  bear  a  very  near  resemblance  to  planetary 
discs  when  seen  through  telescopes.  But,  not- 
withstanding their  planetary  aspect,  some  small 
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rcTiiainlng  haziness,  by  which  they  are  more  or 
less  surrounded,  evinces  their  nebulous  origin. 
They  are  somewhat  extraordinary  objects,  witli 
round  or  shghtly  oval  discs,  in  some  instances 
quite  sharply  terminated,  in  others,  a  little  hazy 
at  tlie  borders,  and  of  a  light  exactly  equable,  or 
only  a  very  little  mottled,  which  in  some  of  them 
approaches  in  vividness  to  the  light  of  actual 
planets.  The  following  are  some  of  Sir  W.  Hor- 
schel's  remarks  on  ihese  bodies: — If  we  should 
suppose  them  to  be  single  stars  with  large  diam- 
eters, we  shall  find  it  difficult  to  account  for  their 
liot  being  brighter,  unless  we  should  admit  that 
the  intrinsic  light  of  some  stars  may  be  very 
much  inferior  to  that  of  the  generality,  which, 
however,  can  hardly  be  imagined  to  extend  to 
such  a  degree.  We  might  suppose  them  to  be 
comets  about  their  aphelion,  if  the  brightness  as 
well  as  the  magnitude  of  their  diameters  did  not 
oppose  this  idea;  so  that,  after  all,  we  can  hardly 
find  any  hypothesis  so  probable  as  that  of  thei'r 
being  nebula?;  but  then  they  must  consist  of  stars 
that  are  compressed  and  accumulated  in  the  high- 
est degree.  At  a  subsequent  period  Sir  William 
remarks,  "When  we  reflect  on  the  circumstances 
connected  with  these  bodies,  we  may  conceive 
that,  perhaps,  in  progress  of  time  these  nebulce 
which  are  already  in  a  state  of  compression  may 
be  still  farther  compressed  so  as  actually  to  be- 
come stars.  It  may  be  supposed  that  solid  bodies 
such  as  we  suppose  the  stars  to  be,  from  the  anal- 
ogy of  their  light  with  that  of  our  sun  when 
seen  at  the  distance  of  the  stars,  can  hardly  be 
formed  of  a  condensation  of  nebulous  matter; 
but  if  the  immensity  of  it  required  to  fill  a  cu- 
bical space  which  will  measure  ten  minutes,  when 
seen  at  the  distance  of  a  star  of  the  eighth  or 
ninth  magnitude,  is  well  considered,  and  properly 
compared  with  the  very  small  angle  our  sun 
would  subtend  at  the  same  distance,  no  degree  of 
rarity  of  the  nebulous  matter  to  which  we  have 
recourse  can  be  any  objection  to  the  solidity  re- 
quired for  the  construction  of  a  body  of  equal 
magnitude  Mith  our  sun." 

The  nature  of  these  nebulfe  is  involved  in  con- 
siderable darkness  and  mystery.  As  in  the  case 
of  some  of  the  otiier  species  cf  these  phenomena, 
so  in  this,  tlie  mind  feels  unable  to  form  any  def- 
inite or  satisfactory  conceptions  on  the  subject. 
The  following  remarks  of  Sir  J.  Herschel  com- 
prise most  of  what  can  be  stated,  in  the  mean- 
time, on  this  subject: — "Whatever  be  their  na- 
ture, they  must  be  of  enormous  magnitude.  One 
of  them  is  to  be  found  in  the  parallel  of  v  Aquarii, 
and  about  five  minutes  preceding  that  star.  Its 
apparent  diameter  is  about  twenty  seconds.  An- 
other, in  the  constellation  Andromeda,  presents  a 
visible  disc  of  twelve  seconds  perfectly  defined 
and  round.  Granting  these  objects  to  be  equally 
distant  from  us  with  the  stars,  their  real  dimen- 
sions must  be  such  as  would  fill,  on  the  lowest 
computation,  the  whole  orbit  of  Uranus.  It  is  no 
less  evident  that,  if  they  be  solid  bodies  of  a  solar 
nature,  the  intrinsic  splendor  of  their  surfaces 
must  be  almost  infinitely  inferior  to  that  of  the 
sun's.  A  circular  portion  of  the  sun's  disc,  sub- 
tending an  angle  of  twenty  seconds,  would  o-ive 
a  light  equal  to  100  full  mnorts,  while  the  objects 
in  question  are  hardly,  if  at  all,  discernible  with 
the  naked  eye.  The  uniformity  of  their  discs, 
and  their  want  of  a])parent  central  condensation, 
would  certainly  augur  their  light  to  be  merely 
superficial,  and  in  the  nature  of  a  hollow  superfi- 
cial shell;  but  whether  filled  with  solid  or  gaseous 
matter,  or  altogether  empty,  it  would  be  a  waste 
ef  time  to  conjecture." 


In  this  description  there  is  nothing  which  strikes 
the  mind  with  such  astonishment  as  the  enormous 
mayuitude  of  these  planetary  nebulae.  A  globular 
body  which  would  fill  the  orbit  of  Uranus  would 
contain  24,42y,Ot:i,6f)0,000,OUU,000,000,(JW),000, 
or  more  than  twenty-four  thousand  quurtillions 
of  solid  miles.  The  solid  contents  of  the  sun  is 
about  :J57,0(JO,000,OUO,0()0,()()0,  or  three  hundred 
and  lifty-seven  thousand  billions  of  cubical  miles. 
If  the  fornier  number  be  divided  by  the  latter, 
the  quotient  will  be  (}t!,42ri,800,0()0,  showing  that 
the  nebula  in  question  would  contain  within  its 
circumference  sixty-eight  thousand,  four  hundred 
and  twenty  eight  millions,  and  eight  hundred 
thousand  globes  as  large  as  the  sun.  A  body  of 
such  bulk  is  more  than  thirty-four  billions,  two 
hundred  thousand  millions  of  times  larger  than 
all  the  primaiy  planets  and  their  satellites  which 
belong  to  our  system.  What  is  the  special  desti- 
nation of  such  huge  masses  of  matter,  or  what 
important  designs  they  subserve  in  the  physical 
and  moral  arrangements  of  the  Governor  of  the 
universe,  it  is  beyond  our  power,  in  the  mean- 
time, to  form  even  a  probable  conjecture.  Future 
generations  may  perhaps  be  enabled  to  throw 
some  light  on  this  subject,  though  it  is  probable 
that  the  nature,  properties,  and  ultimate  designs 
of  many  such  objects  will  only  be  fully  disclosed 
throughout  the  revolutions  of  that  interminable 
duration  which  succeeds  the  short  span  of  human 
existence;  but  of  this  we  may  rest  assured,  that 
they  are  not  useless  masses  of  materials  in  the 
universe,  but  are  subservient  to  purposes  worthy 
of  Him  whose  wisdom  is  infinite,  and  whoso 
understanding  is  unsearchable. 

The  four  figures  toward  the  right-hand  of  the 
plate,  marked  No.  60,  repi'esent  some  specimens 
of  planetary  nebulae.  One  of  those  bodies  may 
be  seen  near  the  star  v  Aquarii,  as  above  stated. 
Its  right  ascension  is  nearly  20h.  52',  and  its  south 
declination  about  12°  26'.  It  lies  north  by  west 
of  the  star  Dtneb  Algedi,  at  the  distance  of  about 
ten  degrees.  Other  nebuhu  of  this  description 
maj'  be  found  near  the  following  stars: — 3  p  Sa- 
gittal, 14  Andromeda,  63  h  Grateris,  61  g  Sagittce, 
10  Camelopardus,  36  Ursae  Mujoris,  6  Navis,  and 
6  Dracouis.  About  three  minutes  west  from  the 
star  16  c  (i^ygni  the  following  phenomenon  is 
found: — A  bright  point  a  little  extended,  like  two 
points  close  to  each  other.  It  is  as  bright  as  a 
star  of  the  eighth  or  ninth  magnitude,  surrounded 
by  a  very  bright  milky  nebulosity,  stiddenly  ter- 
minated, having  the  appearance  of  a  planetary 
nebula  with  a  lucid  center.  The  border  is  not 
well-defined;  it  is  perfectly  round,  and  about  one 
minute  and  thirty  seconds  in  diameter.  This  is 
a  beautiful  phenomenon,  and  of  a  mi  idle  species 
between  the  planetary  nebuke  and  nebulous  stars. 
Sir  John  Herschel,  during  his  late  residence  at 
the  Cape  of  Good  Hope,  is  said  to  have  discovered 
several  new  and  singular  objects  in  the  southern 
hemisphere,  some  of  them  bearing  a  certain  rela- 
tion to  the  objects  now  described;  among  others, 
he  is  said  to  have  detected  a  beaulit'ul  planetary 
nebula,  which  presents  a  perfectly  sharp,  well- 
defined  disc  of  uniform  brightness,  exhibiliitg  (ho 
exact  appearance  of  a  small  planet  with  a  satellite 
near  its  margin.  The  regular  compactness  and 
globular  form  of  such  objects  seem  to  indicata 
that  they  are  bodies  sui  generis,  neither  collec- 
tions of  distinct  stars  nor  exactly  of  the  same 
nature  with  the  other  masses  of  nebulous  matter 
dispersed  through  the  heavens.  They  seem  to 
present  a  view  of  an  immense  system  already 
completed,,  but  of  what  nature  it  would  be  vain  to 
conjecture.     Another  phenomenon  of  this  kind 
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ia  stated  as  being  of  an  extraordinary  nature,  on 
account  of  the  blue  color  which  its  Hglit  exhibits. 
He  lias  likewise  discov'ered  a  close  double  star 
involved  in  the  center  of  a  nebulous  atmosphere, 
which  is  considered  as  a  new  and  singular  object. 


SECTION    IV. 
On    the    nebula    in    orion. 

One  of  the  largest  and  most  remarkable  nebula 
in  the  heavens  is  tiiat  which  is  found  in  the  con- 
stellation of  Orion.  AVhen  a  common  observer 
looks  at  that  constellation,  the  first  object  that 
arrests  his  attention  is  the  three  brilliant  stars 
equidistant  from  each  other  in  a  straiglit  line, 
which  is  called  the  belt  of  Orion.  Immediately 
below  these,  hanging  down  as  it  were  from  the 
middle  of  the  belt,  three  smull  stars  at  nearly 
equal  distances  are  perceived,  which  are  termed 
the  sword.  On  directing  the  naked  eye  to  the 
middle  star  of  the  three,  the  observer  perceives 
something  that  has  the  appearance  of  a  small  star, 
but  not  well-defined;  this  is  the  great  nebula  of 
Orion;  of  whicii,  however,  lie  can  form  no  defi- 
nite conception  until  his  eye  be  assisted  by  optical 
instruments.  With  a  common  one-foot  pocJcet 
achromatic  telescope  the  nebulosity  may  be  plainly 
perceived;  but  the  higher  the  magnifying  power, 
and  the  larger  tlie  aperture  of  the  object-glass,  the 
more  brilliant  and  distinct  does  this  phenomenon 
appear,  along  with  a  number  of  small  stars  con- 
nected with  it,  which  are  quite  invisible  to  the 
unassisted  eye. 

The  first  who  discovered  this  phenomenon  was 
the  celebrated  Hnygens,  who  gave  the  follow- 
ing description  of  it  in  his  Sijsiema 
Suturnium  :  —  "  Astronomers  place 
three  stars  close  to  eacluother  in  the 
sword  of  Orion;  and  wnen  I  viewed 
the  middlemost  with  a  telescope  iu 
the  year  1656,  there  appeared,  in  the 
place  of  that  one,  twelve  other  stars; 
among  these,  three  that  almost  touch 
each  other,  and  four  more  beside  ap- 
peared twinkling  as  through  a  cloud, 
so  that  the  space  about  them  seemed  '2 
much  brighter  than  the  rest  of  the 
heavens,  which  appearing  wholly 
blackish,  by  reason  of  the  fair  wea- 
ther, was  seen  as  through  a  certain 
opening,  through  which  one  had  a 
free  view  into  another  region  which 
was  more  enlightened.  I  have  fre- 
quently observed  the  same  appear- 
ance in  the  same  place,  without  any 
alteration  ;  so  that  it  is  likely  that 
this  wonder,  whatever  it  may  be  in 
itself,  has  been  there  from  all  times; 
but  I  never  took  notice  of  anything 
like  it  among  the  rest  of  the  fixed 
stars." 

Fig.  72  exhiliits  a  view  of  this  phe- 
nomenon as  seen  by  Dr.  Long  in 
1741  with  a  seventeen-feet  refracting 
telescope,  which  ap])ears  exactly  the 
same  shape  as  originally  delineated 
by  Huygens;  but  the  apparent  mag- 
nitudes of  the  stars  connected  with 
it  are  more  accurately  shown  than 
in  the  engraved  delineation  of  Huy- 
gens. Dr.  Long  says  that  the  lumi- 
nous space  has  sometimes  appeared 
to  him  nearly  of  the  same  shape  as 
the  figure  which  is  formed  by  the 
•even  stars  within  it.     Fig.  73  repre- 


sents the  same  nebula,  as  seen  by  Sir  W.  Her> 
schel  in  the  year  1774  and  in  1811.  Its  shape 
appears  considerably  different  from  the  delinea- 
tions of  Huygens  and  Dr.  Long  ;  but  the  stars 
within  and  around  it,  which  are  common  to  both 
delineations,  appear  nearly  iu  the  same  relative 
position.  Sir  John  Herschel  has  given  a  repre- 
sentation of  this  nebula,  as  viewed  througli  the 
twenty-feet  reflector  at  Slough,  which  appears 
considerably  different  from  the  figures  to  winch  I 
have  referred.  I  have  frequently  viewed  this  phe- 
nomenon with  telescopes  of  different  sizes,  parti- 
cularly with  a  six  feet  and  a  half  achromatic, 
having  an  aperture  of  four  inches  diameter,  and 
v/hich  showetl  sidereal  objects  with  great  bril- 
liancy and  distinctness;  but  the  shai)e  of  the  object 
appeared  more  nearly  resembling  Dr.  Long's  re- 
presentation (fig.  1-2)  than  any  other  delineation 
I  have  seen.  A  fourth  star  was  distinctly  seen  in 
addition  to  the  three  represented  by  Dr.  Long 
near  the  head  of  the  opening,  but  smaller  than 
the  other  three,  and  forming  with  them  a  small 
irregular  square.  The  thi-ee  other  stars,  instead 
of  being  wilJiin  the  ^ne  side  of  the  nebula,  as 
represented  in  both  the  figures,  appeared  quite 
beyond  it,  but  neaily  in  a  line  with  its  margin. 
Whether  this  was  owing  to  the  inaccuracy  of  the 
delineation  or  to  the  actual  change  of  the  nebula 
I  do  not  pretend  to  determine.  The  left-hand 
branch  of  the  nebula  likewise  appeared  consider- 
ably longer  than  here  represented;  but  I  cannot 
pretend  to  say  what  the  appearance  may  be  aa 
seen  through  a  twenty-feet  reflecting  telescope. 

In  forming  a  proper  conception  of  this  object, 
it  is  of  some  importance  to  ascertain  the  exact 
appearance   it  has   presented  at  ditferent  periods, 
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and  wh^tlier  there  bo  reason  to  conclude  that  it 
lias  been  subject  to  changes.  The  following  is  Sir 
J.  Herschel's  description  of  this  phenomenon: 

"  I  know  not  how  to  describe  it  better  than  by 
comparing  it  with  a  cnrdliiig  liquid,  or  a  surface 
strewetl  over  with  flocks  of  wool,  or  to  the  break- 
ing up  of  a  mackerel  sky,  when  the  clouds  of 
which  it  consists  begin  to  assume  a  cirrous  ap- 
pearance. It  is  not  very  unlike  the  mottling  of 
the  sun's  disc,  only,  if  I  may  so  express  myself, 
the  grain  is  much  coarserand  the  intervals  darker, 
and  the  llocculi,  instead  of  being  generally  round, 
are  drawn  into  little  wisps.  They  present,  how- 
ever, an  appearance  of  being  composed  of  stars, 
and  their  aspect  is  altogether  difterent  from  that  of 
resolvable  nebulae.  In  the  latter  we  fancy  by 
glimpses  that  we  see  stars,  or  that  could  we  strain 
our  sight  a  little  more  we  would  see  them;  but 
the  former  suggests  no  idea  of  stars,  but  rather 
of  something  quite  distinct  from  them." 

The  following  are  some  of  Sir  W.  Herschel's 
remarks  on  this  nebula,  and  on  stars  with  waich 
it  is  connected  : 

"  In  the  year  1774,  the  Ith  of  ?(Iarch,  I  observed 
the  nebulous  star  which  is  the  4'id  of  the  Con- 
noissance  ties  Temps,  and  is  not  many  minutes 
north  of  the  great  nebulfe;  but  at  the  same  time 
I  also  took  notice  of  two  similar,  but  much 
smaller,  nebulous  stars,  one  on  each  side  of  the 
large  one  and  at  nearly'  equal  distances  from  it. — 
(See  fig.  73,  &c.)  In  1783, 1  examined  the  nebu- 
lous star,  and  found  it  to  be  faintly  surrounded 
with  a  circular  glory  of  wb.ilish  nebulosity,  faintly 
joining  it  to  the  great  nebuliE.  About  the  latter 
end  of  that  year  I  remarked  that  it  was  not  equally 
Burrounued,  but  most  nshulous  toward  the  south. 
In  1784,  I  began  to  entertain  an  opinion  that  the 
star  was  not  connected  with  the  nebulosity  of  the 
great  nebute  of  Orion,  but  was  one  of  those 
which  are  scattered  over  that  part  of  the  heavens. 
In  1801,  180G,  and  1810,  (his  opinion  v\'as  fully 
confirmed  by  the  gradual  change  which  ha|)pened 
in  that  great  nebula  to  which  the  nebulosily  sur- 
rounding the  star  belongs;  for  the  intensity  of 
light  about  the  nebulous  star  had  by  this  time 
been  considerably  reduced  by  the  attenuation  of 
dissipation  of  the  nebulous  matter,  and  it  seemed 
row  to  be  pretty  evident  that  the  star  is  far  behind 
the  nebulous  matter,  and  that  consequently  its 
light  in  passing  through  it  is  scattered  and  deflec- 
ted so  as  to  jiroduce  the  appearance  of  a  nebulous 
star.". . .  ."When  I  viewed  this  interesting  object 
in  December,  1810,  I  directed  my  attention  parti- 
cularly to  the  two  nebulous  stars  by  the  sides  of 
the  large  one,  and  found  they  were  perfectly  free 
from  every  nebulous  appearance,  which  contiriiied 
not  only  my  former  sujniise  of  the  great  attenua- 
tion of  the  nebulosity,  but  also  proved  that  their 
former  nebulous  appearance  had  been  entirely  the 
eflVct  of  the  passage  of  their  feeble  light  tbrongli 
the  nebulous  matter  spread  out  before  them. — 
The  I'Jth  of  January.  1811,  I  had  another  critical 
examination  of  the  same  object,  in  a  very  clear 
view,  through  the  forty-feet  telescope;  but  not- 
withstanding the  superior  light  of  this  instrument, 
J  could  not  perceive  any  remains  of  nebulosity 
Bbout  the  two  small  stars,  which  were  perfectly 
c'ear,  and  in  the  same  situation  where  about  thir- 
ty-seven years  before  I  had  seen  them  involved  in 
nebulosity.  If,  then,  the  light  of  these  three 
stars  is  thus  proved  to  have  undergone  a  visible 
modii'icalion  in  its  ]5assage  through  the  nebulous 
matter,  it  follows  that  its  situation  among  the 
stars  is  less  distant  from  us  than  the  largest  of  the 
three,  which  I  suppose  to  be  of  the  eighth  or  ninth 
tuagnitude.      The  farthest  distance,  therefore,  at 


which  we  can  place  the  faintest  part  of  the  greal 
nebula  in  Orion,  to  which  the  nebulosity  sur- 
rounding the  star  belongs,  cannot  well  exceed 
the  region  of  the  stars  of  the  seventh  or  eighth 
magnitude." 

From  these  observations  it  would  appear  that 
the  nebulosities  connected  with  the  great  nebula 
are  subject  to  certain  changes,  and  that  its  dis- 
tance  from  our  system  is  less  than  that  of  stars  of 
the  eighth  magnitude, since  a  portion  of  the  nebu 
Ions  matter  interposes  between  our  sight  and  stars 
of  this  description.  But  tliis  distance  must  be 
very  great.  If  stars  of  the  eighth  magnitude  are 
to  be  considered  at  an  average  as  eight  times  far- 
ther distant  than  those  of  the  first,  then  this  ne- 
bula cannot  be  sujiposed  to  be  less  than  3211,000,- 
000,000,000,  or  three  hundred  and  twenty  billions 
of  miles  from  the  earth.  If  its  diameter  at  this 
distance  subtend  an  angle  often  minutes,  which  it 
nearly  does,  its  magnitude  must  be  utterly  incon- 
ceivable. It  has  been  calculated  that  it  must 
exceed  2,000,000,000,000,000,000,  or  two  trillions 
of  times  the  dimensions  of  the  sun,  vast  and  in- 
comprehensible as  these  dimensions  are. 

This  nebula  has  never  yet  been  resolved  into 
stars  by  the  highest  powers  of  the  telescope  that 
have  yet  been  applied;  nor  is  there  any  reason  to 
believe  that  it  consists  of  a  system  of  stars,  as  is 
the  case  with  many  other  nebulre  which  appear 
much  smaller,  and  are  evidently  more  distant.  It 
is  therefore,  in  all  probabilily,  a  mass  of  self-lu- 
minous matter  not  yet  formed  into  any  system  or 
systems,  but  of  what  nature  it  would  be  vain 
to  conjecture.  Whether  it  is  more  condensed 
than  when  it  was  first  observed  nearly  two  hun- 
dred years  ago,  as  some  have  conjectured,  or 
whether  any  portions  of  it  have  shifted  their  po- 
sition, as  seems  to  have  been  the  opinion  of  Sir 
W.  Herschel  from  the  okservations  above  stated, 
appears  on  the  whole  somewhat  uncertain.  On 
this  point  Sir  J.  Herscliel  makes  the  following  re- 
mark:— ".Several  astronomers,  on  comparing  this 
nebula  with  the  figures  of  it  handed  down  to  us 
by  its  discoverer,  Huygens,  have  concluded  thai 
its  form  has  undergone  a  perceptible  change;  but 
when  it  is  considered  how  difficult  it  is  to  repre- 
sent such  an  object,  duly,  and  how  entirely  its 
appearance  will  differ  even  in  the  same  telescope, 
according  to  the  clearness  of  the  air,  or  other 
temporary  causes,  we  shall  readily  admit  that  we 
have  no  evilence  of  change  that  can  be  relied  on." 

The  phenomenon  we  have  now  been  contem- 
plating is  calculated  to  suggest  a  train  of  reflec- 
tions and  inquiries. — What  is  the  grand  design  in 
the  system  of  nature  of  such  an  immense  mass  of 
luminosity — a  mass  of  luminous  matter  to  which 
the  whole  solar  system  is  but  only  as  a  point — a 
mass  at  least  twenty-nine  millions  of  times  larger 
than  a  globe  which  wovld  fill  ihc  orbit  of  U7anus?* 
Is  it  in  a  state  of  perfec-.lion  coinjdelely  answer- 
ing the  ultimate  end  of  its  creation,  and  will  it 
remain  forever  in  that  state?  Or,  is  it  only  a 
chaotic  mass  of  materials  progressing  toward 
some  glorious  consummation  in  the  future  ages 
of  eternity,  when  worlds  and  systems  will  be 
evolved  from  the  changes  and  revolutions  now 
going  forward  within  its  boundaries?  Or,  may 
we  suppose  that  a  luminosity  of  so  vast  extent 
serves  the  purpose  of  a  thousand  suns  to  ten 
thousands  of  opaque  globes  which  revolve  within 
its  wide  circumference?  Considering  the  diversi- 
fied methods  of  Divine  operation,  and  tlie  vast 
variety  of  modes  by  which  worlds  are  arranged 
and  enlightened,  it  is  not   impossible,  nor   even 


•See  pajw  74 


NEBULAR  HYPOTHESIS. 


77 


Improbable,  that  numerous  worlds  may  be  in  this 
way  illuminated  with  a  perpetual  aud  uninter- 
rupted day.  As  there  appear  to  be  worlds  con- 
nected with  one  sun,  with  two,  with  three,  and 
even  more  suns,  so  there  may  be  thousands  of 
worlds  cheertd  and  illuminated  without  such  a 
Bun  as  ours,  and  with  an  effulgence  of  light  which 
Is  common  to  them  all.  But  on  these  points  we 
shall  never  be  able  to  arrive  at  certainty  so  long 
as  we  sojourn  in  this  sublunary  sphere.  Suffice 
it  to  say,  that  such  an  enormous  mass  of  lumi- 
nous matter  was  not  created  in  vain,  but  serves 
a  purpose  in  the  divine  arrangements  correspond- 
ing to  its  magnitude  and  the  nature  of  its  lumi- 
uosity,  and  to  the  wisdam  and  intelligence  of 
Him  whose  power  brought  it  into  existence.  It 
doubtless  subserves  some  important  purposes, 
even  at  the  present  moment,  to  worlds  and  beings 
within  the  range  of  its  influence.  Were  we 
placed  as  near  it  as  one-half  the  distance  of  the 
nearest  star,  great  as  that  distance  is,  from  such  a 
point  it  would  exhibit  an  elfulgence  approxima- 
ting to  that  of  the  sun;  and  to  beings  at  much 
nearer  distances  it  would  fill  a  large  portion  of  the 
sky,  and  appear  with  a  splendor  inexpressible. — 
But  the  ultimate  design  of  such  an  object,  in  all 
its  bearings  and  relations,  may  perhaps  remain  to 
be  evolved  during  the  future  ages  of  an  intermi- 
nable existence;  and,  like  many  other  objects  in 
the  distant  spaces  of  creation,  it  excites  in  the 
mind  a  longing  desire  to  behold  the  splendid  aud 
mysterious  scenes  of  the  universe  a  little  more 
unfolded. 


SECTION    V. 
On  the  nebular  hypothesis. 

I  HAVE  already  stated  that  the  nebulEE  may  be 
arranged  into  two  classes,  the  resolcuble  and  irre-  j 
solvable.     When  Sir  W.  Herschel  commenced  his  i 
observations  on  the  nebulous  part  of  the  heavens, ! 
and    for    several    years   afterward,    he   was  dis- 
posed  to    consider   the    nebulse   in    general  to  bo  i 
no   other  than    clusters    of    stars    disguised    by 
their  very   great  distance;  but  a  long  experience 
and    better    acquaintance    with    the    nature   of 
nebuliB     convinced    him    that     such    a    princi- 
ple   ought   not    to    be    universally    admitted,    al- 
though   a    cluster  of   stars  may  undoubtedly  as- 
sume a  nebulous  appearance  when  it  is  too  remote  ! 
for  us  to  discern  the  stars  of  which  it  is  composed. 
When  he  perceived   that   additional   light  had  no 
effect  in  resolving  certain  nebuhe  into  stars,  he 
was  forced  to  the  conclusion,  that  though  njilky 
nebulae  may  contain  stars,  yet  there  are  also  nebu- 
losities winch  are  not  composed  of  them,  nor  im- 
mediately connected  with  them. 

Hence  astronomers  have  been  constrained  to 
Hdmit  the  existence  of  a  certain  species  of  fine 
luminous  matter,  distinct  from  stars,  or  planets, 
or  any  other  materials  existing  around  us,  which 
is  diffused  in  immense  masses  throughout  the 
Bpaces  of  the  universe.  The  large  nebula  in 
Orion,  described  above,  is  considered  as  one  of 
the  most  striking  evidences  that  such  a  substance 
(s  distributed  throughout  the  sidereal  regions;  for 
the  whole  light  and  power  of  Herschel's  forty-feet 
telescope,  though  four  feet  in  aperture,  was  insuf- 
ficient to  resolve  it  into  stars,  although  from  cer- 
tain circumstances  it  appears  to  be  one  of  the 
nearest,  as  it  is  one  of  the  brightest,  of  those  ne- 
bulous masses.  It  has  therefore  become  a  subject 
of  interesting   inquiry,    '  V/hat  are  those  huge 


masses  of  unformed  matter  we  call  the  nebulae? 
and  what  purposes  do  they  serve  iu  the  economy 
of  creation?" 

It  is  an  opinion  now  very  generally  entertained, 
that  the  self-luminous  matter  to  which  we  refer 
is  the  chaotic  materials  out  of  which  new  suns  or 
worlds  may  be  formed,  and  that  it  is  gradually 
concentrating  itself  by  the  effect  of  its  own  gra- 
vity, and  of  tlie  circular  motions  of  which  it  may 
be  susceptible,  into  denser  masses,  so  as  ultimately 
to  effect  the  arrangem^Mit  and  establishment  of 
sidereal  systems.  It  is  argued  that  this  opinion  is 
highly  probable,  from  ttie  consideration  that  we 
find  the  nebulag  in  almost  eaerij  stage  of  condensa- 
tinn.  Such  nebulae  as  are  represented  iu  Figures 
59  and  62  are  viewed  as  consisting  of  nebulous 
matter  in  its  rudest  and  most  chaotic  stat.j;  and 
Figures  63,  64,  65,  and  also  Figures  66,  67,  6^',  as 
similar  matter  in  a  state  of  progress  toward  con- 
densation. The  four  figures  marked  71  are  con- 
sidered as  specimens  of  this  gradual  condensation, 
iu  which  the  progress  may  be  traced  from  the  left- 
hand  figure  to  the  right.  It  has  even  been  main- 
tained by  some  lute  writers  on  this  subject  tliat 
this,  in  all  probability,  is  the  mode  in  which  the 
different  systems  of  the  universe  were  gradually 
brought  into  the  state  in  which  we  now  behold 
them,  and  that  the  sun  and  planets  of  the  system 
to  which  we  belong  derived  their  origin  from  a 
similar  cause;  and  it  has  likewise  been  attempted 
to  connect  the  geological  changes  in  the  structure 
of  our  globe  with  the  operation  of  a  principle  or 
law  by  which  such  a  tliiu  filmy  substance  as  a 
nebula  was  condensed  into  such  a  heterogeneous 
mass  of  solidity  as  we  find  iu  the  constitution  of 
the  terraqueous  globe;  and  it  has  been  insinuated 
that  the  zodiacal  light  is  a  portion  of  tiie  original 
nebula  of  which  the  sun  and  planets  were  formed, 
aud  a  presumptive  evidence  tliat  the  nebular  hy- 
pothesis is  true.  According  to  these  theorists,  the 
sun  is  still  to  be  considered  as  a  nebulous  star  iu 
a  high  state  of  condensation,  and  may  exhibit 
such  an  appearance  when  viewed  from  a  neigh- 
boring system. 

Such  conclusions,  to  say  the  least,  are  obviously 
premature.  We  know  too  little,  iu  the  meantime^ 
of  the  nature  of  that  nebulous  matter  which  is 
di-ijiersed  through  the  heavens,  or  of  the  motions 
with  which  its  particles  may  be  indued,  to  be 
able  to  determine  its  susceptibility  of  being  con- 
densed and  arranged  into  suns  and  planets.  We 
have  never  yet  seen  the  same  nebula  progressing 
from  one  stage  of  condensation  to  another,  from 
a  chaotic  to  a  state  of  organization;  nor  is  it  likely 
we  ever  shall,  even  supposing  the  hypothesis  to  be 
well  founded,  as  an  indefinite  number  of  years,  or 
even  of  ages,  must  be  requisite  before  such  a  re- 
volution can  be  accomplislied.  Yet  the  observa- 
tions of  future  astronomers  on  this  dejiarttneni 
of  the  sidereal  heavens  may  tend  to  throw  some 
additional  light  on  this  mysterious  subject. 

It  forms  no  conclusive  argument,  however, 
against  tiiis  hyjiothesis  that  it  is  ditheult  to  con- 
ceive how  a  fluid  of  a  nature  so  apj^aiently  rare 
can  ever  be  condensed  to  the  hardness  of  a  planet 
or  a  sun;  for  if  we  suppose  a  nebulosity  in  its 
most  diffused  state  to  be  twenty  minutes  iu  diam- 
eter, and  to  be  compressed  by  central  attraction 
and  rotary  motion  until  it  become  only  (Jne  min- 
ute in  diameter,  the  ratio  of  its  density  iu  the 
latter  state,  compared  with  that  of  the  former, 
would  be  as  eight  thousand  to  one,  since  spheres 
are  to  each  other  as  the  cubes  of  their  diameters 
Suppose  its  density  in  the  first  state  v.-ere  equal  to 
that  of  atmospheric  air;  its  d>nsity,  when  com- 
pressed in  the  proportion  supposed,  would  be  nine 
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times  lieavier  thiiii  water,  wliicli  is  nearly  equal 
to  tlie  weight  of  silver,  and  twice  tlie  average  den- 
sity of  our  globe;  but  if  sucli  a  process  be  going 
on  in  any  of  these  bodies,  wumerous  ages  must 
elapse  before  such  a  consolidation  can  be  etfecteci, 
for  no  sensible  change  appears  to  have  taken  place 
duiiiig  the  pciiod  in  which  sucii  bodies  have  come 
under  our  observation. 

Nor  do  we  conceive  that  this  hypothesis  is  in- 
consistent with  what  we  know  of  the  attributes 
and  operations  of  the  Almighty;  forall  the  move- 
ments and  changes  going  on  in  our  terrestrial 
system  and  throughout  the  universe  are  the  eifects 
of  certain  laws  impressed  upon  matter  by  the 
hand  of  the  Creator,  by  the  uniform  operation  of 
wliicJi  Ids  wise  and  beneficent  designs  are  acconi- 
piished.  If,  then,  it  forms  a  part  of  his  designs 
that  new  suns  and  systems  shall  be  formed  to  di- 
versify the  spaces  of  immensity,  and  if  he  has 
created  huge  masses  of  subtile  himinous  matter, 
and  indued  them  with  certain  gravitating  powers 
and  rotary  motions  for  this  purj)ose,  liis  almiglity 
agency  and  infinite  wisdom  may  be  as  clearly  ami 
maguiticently  displayed  in  this  case  as  if  a  sys- 
tem of  worlds,  completely  organized,  were  to  start 
into  existence  in  a  moment.  Perhaps  the  gradual 
evolution  of  his  designs  in  such  a  case  might  af- 
ford u'.attercf  admiration  and  enjoyment  to  certain 
orders  of  superior  beings  who  are  privileged  to 
take  a  near  view  of  sucli  stupendous  operations. 
But  supposing  such  pdiysical  processes  going  for- 
ward, we  must  necessarily  admit  that  a  direct  in- 
terference of  the  Ddlij  is  necessary  before  such 
worlds,  after  being  organized,  can  he  re  pic  nisi wd 
with  inhabitants ;  for  matter  and  motion,  by  Vv'liat- 
ever  laws  they  may  be  directed,  cannot  be  sup- 
posed to  produce  the  organization  of  a  ])lant  or  an 
animal,  much  less  of  a  rational  heing,  wliose  in- 
tellectual principle  and  faculties  must  be  commu- 
nicated by  the  immetliate  "inspiration  of  the 
Almighty."  To  suppose  otherwise  would  be  vir- 
tually to  adopt  a  species  of  atheism. 

All  that  we  require  on  this  jjoint  is  some  more 
direct  and  decisive  proofs  of  the  validity  of  the 
hj'pothesis  we  are  now  considering;  and  until 
such  proofs  be  elicited  we  are  not  warranted  to 
enter  into  particular  speculations,  and  to  speak 
with  so  much  confidence  on  the  subject  as  certain 
theorists  have  lately  done.  Sir  John  Herschel, 
wlio  has  paid  more  attention  to  lliis  subject,  and 
made  more  accurate  observations  on  these  nebuliB 
than  almost  any  other  individual,  is  far  from  be- 
ing confident,  and  speaks  with  becoming  hesita- 
tion and  modesty  in  relation  to  this  hypothesis. 
"If  it  be  true,"  says  he,  "that  a  phosphorescent 
or  self-  luminous  matter  exists,  disseminated 
through  extensive  regions  of  space  in  the  manner 
of  a  cloud  or  fog  —  now  assuming  capricious 
shapes  like  actual  clouds  drifted  by  the  wind,  and 
now  contracting  itself  like  a  cometic  atmosphere 
around  particular  stars — what,  we  naturally  ask, 
is  the  nature  and  destination  of  this  nebulous 
matter?  Is  it  absorbed  by  the  stars  in  whose 
neighborhood  it  is  found  to  furnish,  by  its  conden- 
sation, their  supply  of  light  and  heut?  or  is  it 
progressively  concentrating  itself  by  the  effect  of 
its  own  gravity  into  masses,  and  so  laying  the 
foundation  of  new  sidereal  systems  or  of  insulated 
stars?  It  is  easier  to  propound  such  questions  than 
to  offer  any  probable  reply  to  them.  Meanwhile, 
appeal  to  fact,  by  the  method  of  constant  and  dili- 
gent observation,  is  open  to  us;  and  as  the  double 
stars  have  yielded  to  this  style  of  questioning, 
and  disclosed  a  series  of  relations  of  the  most  in- 
telligible and  interesting  description,  we  may  rea- 
sonably'' hope   that    the  assiduous  study    of   the 


nebulce  will  ere  long  lead  to  some  clearer  under- 
standing of  their  intimate  nature." 

(Jn  the  whole,  the  nebula;,  whether  resolvable 
or  irresolvable,  open  to  view  an  inexliaustiblo  field 
of  contem[)lation  and  wonder.  By  far  the  greater 
part  of  the  n(!bula3  are  undoubtedly  clusters  of 
stars,  some  of  them  perhaps  containing  as  niany 
millions  as  our  Milky  Way,  and  occupying  a  space 
in  the  tracts  of  immensity  which  imagination  can 
never  fathom;  but  a  considerable  ))roportion  of 
these  bodies  evidently  appear  to  be  masses  of  self- 
luminous  substances,  without  any  indication  of 
being  formed  into  organized  systems;  and  how 
enonnous  must  be  ihe  extent  of  most  of  those 
masses,  and  how  vast  tbe  regions  of  sjiace  v.diich 
they  fill!  If  every  one  of  those  bodies  be  only 
one-half  the  size  of  the  great  nebula  in  Orion, 
what  a  prodigious  mass  of  matter  must  they  con- 
tain, and  what  an  immense  space  must  hundreds 
and  thousands  of  ihem  occupy!  To  limited  minds 
such  as  ours,  such  spaces  appear  as  approximating 
to  injinilij,  and  all  our  previous  ideas  of  the  am- 
])litude  of  planetary  systems  siidi  into  something 
approaching  to  inanity.  Whatever  purposes  these 
immense  masses  of  matter  may  serve  under  the 
administration  of  Infiuile  Wisdom,  certain  it  is 
theij  exist  not  in  vain.  They  accomplish  designs 
worthy  of  the  plans  of  Divine  Intelligence,  and 
have  doubtless  a  relation,  in  one  respect  or  another, 
to  the  enjoyments  of  intelligent  beings;  but  the 
full  development  of  the  plans  and  agencies  of  the 
Deity  in  this,  and  in  many  other  parts  of  the  econ- 
omy of  the  universe,  must  be  considered  as 
reserved  for  another  and  a  future  scene  of  ex- 
istence. 


SECTION    VI. 
List  of  some  of  the  larger  \B:BULiE. 

.For  the  sake  of  those  who  wish  to  inspect  some 
of  the  nebulous  bodies  by  means  of  telescopes,  1 
have  subjoined  the  following  list  from  Messier's 
Catalogue,  along  with  the  more  recent  observa- 
tions of  Sir  W.  Herschel.  The  right  ascensions 
and  declinations  are  given  in  degrees  and  minutes, 
by  which  the  ])laces  of  ti:ese  liodies  may  be  very 
nearly  found  on  a  celestial  globe.  If  it  be  judged 
expedient  to  reduce  the  de^i'ees  and  minutes  of 
right  ascension  to  time,  it  may  be  done  by  the 
following  rules: — Divide  the  number  of  degrees 
by  15,  the  quotient  is  hours;  and  the  remainder 
reduced  to  minutes  and  divided  by  15,  gives  the 
minutes,  &,c.  of  time:  or,  multiply  the  given  num- 
ber of  degrees  and  minutes  by  4,  and  divide  the 
degrees  in  the  product  by  &),  the  quotient  is 
hours,  and  the  remainder  minutes,  &,c.  Thus, 
.'3^0°  17'  is  equal  to  21  hours,  21  minutes,  and  8 
seconds  of  time. 

In  the  following  list,  R.  A.  means  right  ascen- 
sion; dec,  declination;  S.,  south;  N.,  norlli;  diam., 
diameter  of  the  object,  which  is  expressed  in  min- 
utes of  a  degree. 

1.  R.A.  Sno  0'  33";  dec.  N.  21°  45  27";  above 
the  Bidi's  soutliern  horn  west  uf  the  star  (j: 
this  consists  of  a  whitish  light,  elongated  like 
the  flame  of  a  taper:  it  exhibited  a  mottled 
nebulosity  to  Sir  W.  Herschel. 

2.  R.  A.  320°  17';  dec.  S.  1°  47';  diam.  4';  in  the 
head  of  Aquarius,  near  the  24th  star'  it  ap- 
pears like  the  nucleus  of  a  comet,  surrounded 
with  a  large  round  nebula:  Sir  W.  Herschel 
resolved  it  into  stars. 
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3     R.A.  202P  51'  19";  dec.  N.  29°  32'  57";  diam. 

3';  between  Arctunts  and  Cor  Caroli:  it  is 

round,  bright  in  tlie  center,  and  fades  away 

graduaUy:  it  exiiibited  a  mottled  nebulosity 

to  Sir  W.  Herscliel. 
4.    R.A.  212°  IG'  SG";  dec.  S.  25°  55'  40";  diam. 

2^i';  near  Aniares:  a  mass  of  stars. 
5     R.A.  22GO  39';  dec.  N.  2°  57';  diam.  3';   near 

6  Serpent:  a  round  nebula,  resolved  into  stars 

by  Sir  VV.  Herschel. 

6.  R.A.  2610  10'  39";  dec.  S.  32°  10'  34";  diam. 
15';  between  the  bow  of  Sagittarius  and  the 
tail  of  Scorpio:  a  mass  of  small  stars. 

7.  R.A.  2G40  30'  24";  dec.  S.  .34'=  40'  34";  diam. 
30':  a  mass  of  small  stars  near  ihe  precediiiij. 

8.  R.A.  2G7<^  29'  30";  dec.  S.  24°  21';  diam.  30'; 
between  the  bow  of  Sagittarius  and  the  right 
foot  of  Ophiuchus  :  an  elongated  mass  of 
stars.  Near  this  mass  is  the  9th  of  Sagitta- 
rius, which  is  encircled  with  a  faint  light. 

9.  R.A.  256°  20)0';  dec.  S.  18°  13'  26";  diam. 
3';  in  the  right  leg  of  Ophiuchus:  round  and 
flint,  but  resolved  "by  Sir  W.  Herschel  into 

n.  R.A.'251o  12'  6";  dec.  S.  30°  42';  diam.  4';  in 
the  girdle  near  30  Ophiuchus:  a  tine  and 
round  nebula,  resolved  into  stars  by  Sir  W. 
Herschel. 

11  R.A.  2790  35'  4.3";  dec.  S.  6°  31';  diam.  4'; 
near  K  Antinous:  a  mass  of  many  stars, 
mixed  with  a  faint  light. 

12.  R.A.  248°  43';  dec.^S.  2°  30}.<';  diam.  3'; 
between  the  arm  and  left  side  of  Ophiuchus: 
round  and  faint:  near  it  is  a  star  of  the  ninth 
magnitude:  resolved  into  stars  by  Sir  W. 
Herschel. 

13.  R.A.  24SO  18' 48";  dec.  N.  36°  54'  44";  diam. 
6  ;  in  the  girdle  of  Hercxiles,  between  two 
stars  of  the  eighth  magnitude:  round,  and 
bright  in  the  middle,  resolved  into  stars  by 
Sir  W.  Herschel. 

14.  R.A.  261°  lb>'^';  dec.  S.  .3°  5'  45";  diam.  7'; 
in  the  drapery  over  the  right  arm  of  Ophiu- 
chus: round  and  faint:  near  a  star  of  the 
ninth  magnitude:  resolved  into  stars  by  Sir 
W.  Herscliel. 

15.  R.A.  319°  40';  dec.  N.  10°  40';  diam.  .3'; 
between  the  head  of  Pegasus  and  that  of  the 
Little  Horse:  round,  and  bright  in  the  center, 
resolved  into  stars  by  .Sir  W.  Herschel. 

16  R.A.  2710  15';  dec.  N.  1.3°  51'  44";  diam.  8'; 
near  the  Serpent's  tail;  a  mass  of  small  stars, 
mixed  with  a  faint  light,  resolved  by  Sir  W. 
Herschel. 

17.  R.A.  271°  45'  48";  dec.  S.  I60  14'  44";  diam. 
.5';  north  of  the  bow  of  Sagittarius:  a  train 
of  faint  light,  with  stars. 

18.  R.A.  271°  34';  dec.  S.  17°  13';  diam.  5'; 
above  the  preceding:  a  mass  of  small  stars, 
surrounded  with  nebulosity. 

19.  R.A.  252°  1'  4.5";  dec.  S.  25°  54'  40";  diam. 
3';  between  Scorpio  and  the  right  foot  of 
Ophiuchus:  round,  and  resolved  into  stars  by 
Sir  W.  Herschel. 

20.  R.A.  267°  4'  5";  dec.  S.  22^  59'  10";  between 
the  bow  of  Sagittarius  and  the  right  foot  of 
Ophiuchus:  a  mass  of  stars  of  the  eighth  and 
ninth  magnitudes,  surrounded  with  nebu- 
losity. 

21.  R.A.  2670  31'  35";  dec.  S.  22°  31'  25";  diam. 
6';  near  11  Sagittarius:  similar  to  the  pre- 
ceding. 

22.  R.A.  2750  28'  39";  dec.  S.  24°  6'  11";  diam. 
15';  near  25  Sagittarius:  round,  and  resolved 
into  stars  by  Sir  W.  Herschel. 

23.  R.A.  2650  42'  5O";  dec.  S.  IBo  45',  55";  diam. 


10  30';  near  G5  Ophiuchus  :  a  mass  of  stars 
very  near  each  other. 

24.  R.A.  270O  26';  dec.  S.  I80  2G';  near  end  of 
the  bow  of  Sagittarius  in  the  Milky  Way. 
great  nebulosity  containing  several  stars,  the 
light  is  diviiled  into  several  parts. 

25.  R-.A.  2740  2.5';  dec.  S.  190  5';  diam.  10';  near 
preceding,  neur21  Sagittarius:  a  mass  of  small 
stars. 

26.  R.A.  2780  5'  22";  dec.S.  9o  38'  14";  diam.  2'; 
near  n  and  o  Antinous:  a  mass  of  small  stars. 

27.  R.A.  2970  21'  41";  dec.  N.  22o  4';  diam.  4'; 
near  14  of  the  Fox:  oval:  it  exhibited  a  mot- 
tled nebulosity  to  Sir  W.  Herschel. 

28.  R.A.  2720  29}^';  dec.  S.  24o  57';  diam.  2';  a 
degree  from  \  Sagittarius:  round,  and  re- 
solved into  stars  by  Sir  W.  Herschel. 

29.  R.A.  3030  54if ;  "dec.  N.  37o  12';  below  y 
Cvgni:  a  mass  of  seven  or  eight  small  stars. 

30.  R:a.  3210  46';  dec.  S.  24°  19';  diam.  2';  near 
41  Capricorn:  round,  and  resolved  into  stars 
by  Sir.  W.  Herschel. 

31.  R.A.  70  2G;.<';  dec.  N.  39o  91^';  diam.  40'; 
in  Andromeda's  girdle:  it  resembles  two 
cones  of  light  joined  at  their  base,  which  is 
15'  broad:  resolved  into  stars  by  Sir  W. 
Herschel. 

32.  R.A.  70  271^';  dec.  N.  38o  45^';  diam.  2'; 
below  the  preceding:  round,  without  stars, 
and  with  a  faint  light. 

33.  R.A.  290  9';  dec.  N.  29o  32)^';  diam.  15'; 
below  the  head  of  the  North  Fish  and  the 
Great  Triangle:  its  light  is  uniform  and 
whitish:  it  exhibited  a  mottled  nebulosity  to 
Sir  VV.  Herschel. 

34.  R.A.  360  511^^;  dec.  N.  41o  39i^';  diam.  15'; 
between  Medusa's  head  and  the  left  foot  of 
Andromeda:  a  mass  of  small  stars. 

35  R.A.  880  40';  dec.  N.  240  3.3;.";  diam.  20'; 
near  ju  and  «  Castor:  a  mass  of  small  stars 
near  Castor's  left  foot. 

36.  R.A.  8OO  11'  42";  dec.  N.  34©  8'  6";  diam.  9'; 
near  <p  Bootes:  a  mass  of  small  stars 

37.  R.A.  840  15';'  dec.  N.  320  12';  near  the  pre- 
ceding: a  mass  of  small  stars,  with  a  nebu- 
losity, resolved  into  stars  by  Sir.  W.  Herschel. 

38.  R.A:  7eO  lO';  dec.  N.  36°  12';  near  <r  Aurigte: 
a  square  mass  of  stains. 

39.  R.A.  320O  57';  dec.  N.  47°  25';  diam.  15'; 
near  the  Swan's  tail:  a  mass  of  small  stars. 

40.  R.A.  1820  45}.<';  dec.  N.  590  24';  diam.  lO; 
at  the  root  of  the  Great  Bear's  tail:  two  stars. 
Very  near  each  other. 

41.  R.A.  980  58';  dec.  S.  20o  33';  below  Sirius: 
a  mass  of  small  stars. 

42.  R.A.  8OO  59'  40";  dec.  S.  5o  .34'  6";  diam.  6  , 
b^ween  6  and  c  in  Orion's  sword:  a  beauti- 
ful nebula  containing  seven  small  stars. 

43.  R.A.  810  3';  dec.  S.  5o  26'  37";  above  the 
preceding:  a  star  surrounded  with  nebulosity. 

44.  R.A.  1260  501.0';  dec.  S.  20o  31  >^';  between 
■y  and  J  Cancer:  a  mass  of  small  stars. 

45.  R.A.  530  27'  4";  dec.  N.  23°  22'  41";  the 
Pleiades:  a  cluster  of  stars. 

46.  R.A.  1120  47'  43";  dec.  S.  14o  19';  between 
the  Great  Dog's  head,  and  the  hind  feet  of 
the  Unicorn:  a  mass  of  stars  with  a  little 
nebulosity. 

47.  R.A.  II60  4';  dec.  S.  14°  50';  near  the  pre 
ceding:  a  mass  of  small  stars. 

48.  R.A.  1200  36';  dec.  S.  lo  16'  42";  near  the 
three  stars  at  the  root  of  Unicorn's  tail:  a 
mass  of  small  stars. 

49.  R.A.  1840  26'  58";  dec.  N.  9°  16'  9";  noar/i 
Virgo. 

50.  R.A.  102°  57>^';  dec.  S.  70  57'  42";  above  i 
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Great  Dcg:  a  mass  of  small  stars  below  Uni- 
corn's riirlit  tliigli. 

51.  R.A.  201P  5'  4b"';  dec.  N.  48°  24'  24";  below 
H  Great  Bear,  near  the  ear  of  the  Northern 
Greyhounii:  double:  the  two  atmospheres, 
whose  centers  are  4'  35"  distant,  touch  one 
another,  and  are  bright  in  the  middle;  tlie 
one  is  fainter  than  the  other:  resolved  into 
stars  hy  Sir.  W.  Herschel. 

52.  R.A.  348°  39;^';  dec.  N.  60'  22";  below  d 
Cassiopeia:  a  mass  of  stars  mixed  with  a  neb- 
ulosity, according  to  Sir  W.  Herschel:  this 
cluster  appears  like  a  solid  ball,  consisting  of 
small  stars,  quite  compressed  into  one  blaze 
of  light,  with  a  great  number  of  loose  ones 
surrounding  it. 

53.  R.A.  19.^)0  30}^';  dec.  N.  19°  22'  44";  near  42 
Bereiiice'shair:  round,  and  resolved  into  stars 
by  Sir  W.  Herschel. 

54.  R.A.  28(10  i:{';  dec.  S.  30°  44';  diam.  C;  in 
Sagittarius:  faint,  and  bright  in  the  center. 

55.  R.A.  2910  301^';  dec.  S.  3lo  26)j^';  in  Sagit- 
tarius; a  white  spot,  resolved  into  stars  by  Sir 
W.  Herschel. 

56.  R.A.  237°;  dec.  N.  29o  48';  near  the  Milky 
Way,  faint,  and  resolved  into  stars  by  Sir  W. 
Herschel. 

57.  R.A.  281°  20';  dec.  N.  39°  46';  between  y 
and  C  Lyrse:  round,  and  consisting  of  a  mot- 
tled nebulosity. 

58.  R.A.  1360  37io';  dec.  N.  13o  2'  42";  in  Vir- 
ffo:  very  faint,  without  any  star. 

59.  R.A.  Ib70  41'  38";  dec.  N.  12o  521-^';  near 
the  preceding:  very  faint,  without  any  star. 

60.  R.A.  1880  7';  dec.  N.  120  46';  in  Virgo: 
brighter  than  the  two  preceding. 

61.  R.A.  1820  41'.  dec.  N.  50  12';  in  Virgo:  very 
faint. 

62.  R.A.  2510  48)^';  dec.  S.  290  45i^';  in  Scor- 
pio: like  a  comet,  with  a  brilliant  center  sur- 
rounded with  a  faint  light;  resolved  into  stars 
by  Sir  VV.  Herschel. 

G3    R.A.  I960  51^'.  dec.  N.  43o  12)^';  in  the  Canes 

Venatici:  very  faint. 
64.    R.A.  l9lo  27'  3«";   dec.  N.  220  52)^';   in 

Berenice's  hair:  faint. 

65  R.A.  I6C0  51';  dec.  N.  140  16';  in  the  Lion: 
faint,  but  resolved  into  stars  by  Sir.  VV. 
Herschel. 

66  R.A.  1670  11'  39";  dec.  N.  140  12'  21";  very 
near  the  preceding:  very  faint,  but  resolved 
into  stars  by  Sir  W.  Herschel. 

67.  R.A.  1290  7';  dec.  N.  12o  36'  38";  below 
the  northern  claw  of  the  Crab  :  a  mass  of 
stars  with  nebulosity.  It  is  a  cluster  pretty 
much  compressed,  in  which  Sir  W.  Herschel 
has  observed  200  stars  at  once  with  a  power 
of  157.  (See  p.  63.) 

68  R.A.  I860  541/';  dec.  S.  25o  3OI3";  diam.  2'; 
below  the  Crow,  very  faint. 

69.  R.A.  2740  11'  46";  dec.  S.  32o  31'  45";  diam. 
2';  below  the  left  arm  of  Sagittarius :  faint, 
like  the  nucleus  of  a  small  comet. 

70.  R.A.  2770  13';  dec.  S.  33©  31';  diam.  2'; 
near  the  preceding,  near  four  telescopic 
stars. 

71.  R.A.  2950  59'  9";  dec.  N.  I80  13';  diam.  3' 
30";  between  y  and  S  of  the  Arrow:  very 
faint,  and  resolved  into  stars  by  Sir  W.  Her- 

72.  R.A. '3100  20' 49";  dec.S.  13o  20' 51";  diam. 
2';  above  the  tail  of  Capricorn  :  faint,  but  re- 
solved into  stars  by  Sir  W.  Herschel. 

73.  R.A.  3110  43'.  dec.  S.  130  28'  40";  near  the 
preceding;  three  or  four  small  stars,  contain- 
ing a  little  nebulosity. 
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74.  R.A.  210  14';  dec.  150  39  35";  near  »  in  the 
string  that  connects  the  Fishes:  very  faint, 
but  resolved  into  stars  by  Sir  W.  Herschel. 

75.  R.A.  2980  17'  24";  dec.  S.  22^  32'  23";  be- 
tween Sagittarius  and  the  head  of  Capricorn: 
composed  of  small  stui^  with  nebulosity. 
The  astronomer  Mechain  makes  it  only  ne- 
bulous. 

76.  R.A.  22°  10'  47";  dec.  N.  50o  28'  48";  diam. 
2';  in  Andromeda's  right  foot:  composed  of 
small  stars  with  nebulosity,  small  and  faint. 

77.  R.A.  370  52.1^;  dec.  S.57'43";  in  the  Whale  : 
a  mass  of  stars  containing  nebulosity. 

78.  R.A.  830  531.^;  dec.  S.  1'  23";  diam.  3';  in 
Orion:  a  mass  of  stars  with  two  bright  nuclei, 
surrounded  with  a  nebulosity. 

79.  R.A.  7bO  49';  dec.  S.  240  43";  below  the 
Hare:  a  fine  nebula  bright  in  the  center,  and 
a  litle  diffused,  resolved  into  a  mottled  ne- 
bulosity by  Sir  W.  Herschel. 

80.  R.A.  2410;  dec.  S.  22°  25';  diam.  2';  be- 
tween 7j  and  (/"Scorpio:  round,  and  bright  in 
the  center,  like  a  comet. 

81.  R.A.  1440  27'  44";  dec.  N.  70'  7'  24";  near  the 
ear  of  the  Great  Bear:  a  little  oval,  bright  in  the 
center,  and  exhibiting  a  mottled  nebulosity 
to  Sir  W.  Herschel. 

82.  R.A.  1440  29'  22";  dec.N.  70o  44'  27";  near 
the  preceding:  faint  and  elongated,  with  a 
telescopic  star  at  its  extremity  ;  it  showed  a 
mottled  nebulosity  to  Sir  W.  Herschel. 

83.  R.A.  2010  8';  dec.  S.  2So  42}^';  near  flie 
head  of  the  Centaur  :  verv  faint. 

84.  R.A.  I8.30  S0}4';  dec.  N.  140  7';  in  Virgo : 
bright  in  the  center,  and  surrounded  with 
nebulosity. 

85.  R.A.  1830  35' 21";  dec.  N.  190  24);^;  above 
and  near  Spica  :  very  faint. 

86.  R.A.  183°  46'  21";  dec.  140  10';  in  Virgo . 
the  same  as  No.  84,  and  near  it. 

87.  R.A.  1840  56.';  dec.  N.  13o  38';  in  Virgo  :  as 
luminous  as  the  preceding. 

88.  R.A.  1850  16';  dec.  N.  150  38';  in  Virgo : 
very  faint,  and  like  No.  58. 

89.  R.A.  I8G0  9'  36";  dec.  N.  13o  46'  49";  near 
No.  87  :  very  faint. 

90.  R.A.  I860  27';  dec.  N.  14o  23';  in  Virgo: 
very  faint. 

91.  R.A.  I860  37';  dec.  N.  14°  57';  above  the  pre- 
ceding: fainter  than  the  preceding. 

92.  R.A.  2570  38';  dec.  N.  43o  22";  diam.  5'; 
between  the  knee  and  left  leg  of  Hercules  ;  a 
beautiful  nebula,  bright  in  the  center,  and 
surrounded  with  .great  nebulosity  :  resolved 
into  stars  by  Sir  W.  Herschel. 

93.  R.A.  1130  48'  .35";  dec.  S.  23o  19'  45";  diam. 
8';  bet  wean  the  Great  Dog  and  Ship:  a  mass 
of  small  stars. 

94.  R.A.  190O  10'  46";  dec.  N.  42o  18'  45"; 
diam.  2}^';  above  Cor  Caroli :  bright  in  tha 
center,  with  a  diffused  nebulosity. 

95.  R.A.  1580  3'  5";  dec.  N.  120  50'  21";  in  the 
Lion,  above  I :  very  faint. 

96.  R.A.  1580  461^';  dec.  N.  12o  58';  nearthe 
preceding:  fainter  than  the  preceding. 

97.  R.A.  1650  18'  40";  dec.N.  560  131^';  diam 
2';  near  C  Great  bear:  very  faint:  another  near 
it,  and  another  near  y. 

98.  R.A.  I8O0  50'  49";  dec.  N.  I60  8'  15";  above 
the  north  wing  of  Virgo  :  very  faint. 

99.  R.A.  I8I0  55'  19";  dec.  N.  15o  37'  12";  on 
the  north  wing  of  Virgo  :  brigliter  than  the 
preceding:  between  two  stars  of  the  seventh 
and  eighth  magnitude. 

100.  R.A.1820  59'19";  dec.  N.  160  59' 21";  in  the 
ear  of  corn  of  Virgo  ;  brighter  than  No.  98 


lUl  R.A.  208O  52';  dec  N.  55o  2^1'  25";  diam. 
7';  between  the  left  "hand  of  Bootes  and  the 
tail  of  tlie  Great  Bear;  very  faint:  discover- 
ed by  Mechain  :  mottled  nebulosity,  accord- 
ing to  Sir  W  Herschel. 


ABERRATION  OF  LIGHT. 
102, 


81 


103. 


Between  Omicron  in  Bootes  and  Joia  of 
the  Dragon,  very  faint:  discovered  by  Me- 
chain. 

Between  t  and  iT  Cassiopeia:  a  mass  of 
stars. 


CHAPTER    XIII. 

ON  THE  ABERRATION  OF  THE  STARS,  AND  ON  THEIR  PROPER  MOTIONS. 


The  aberrationof  the fixedstarsisasmallchange 
of  place  in  the  heavens  which  they  seem  to  under- 
go, and  by  which  they  appear  to  describe,  in  the 
course  of  a  year,  an  ellipsis  or  circle,  the  great- 
est diameter  of  which  is  about  forty  seconds. 
This  remarkable  fact  vs^as  discovered,  near  the 
middle  of  the  last  century,  by  the  celebrated  Dr. 
Bradley,  formerly  Regius  Professor  of  Astronomy 
at  Greenwich. 

In  Chapter  IV,  when  describing  the  mode  of 
finding  the  parallaxes  of  the  fixed  stars,  I  have 
given  a  brief  detail  of  the  circumstances  which 
led  to  this  discovery,  and  the  observations  from 
which  the  aberration  of  the  stars  was  deduced. 
Before  perusing  tiie  following  illustrations  of 
this  subject,  it  may  not  be  improper  for  the  reader 
to  reperuse  what  was  there  stated  in  reference  to 
this  point,  particularly  the  illustration  of  this  phe- 
nomenon, given  in  the  description  of  Fig.  7  (p.  29, 
30)  It  is  there  stated  that  Dr.  Bradley  and  his 
friend  Mr.  Moljneux  were  very  much  perplexed 
at  the  result  of  their  observations ;  since,  instead 
of  observing  a  motion  indicating  an  annual  paral- 
lax, they  found  a  result  directly  opposite  to  what 
they  expected.  Many  theories  and  conjectures 
were  proposed  to  solve  the  appearances,  but  no- 
thing satisfactory  was  elicited,  until  one  day,  when 
Dr.  Bradley  was  enjoying  the  amusement  of  sail- 
ing about  on  the  Thames,  he  observed  that  every 
time  the  boat  tacked,  the  direction  of  the  wind, 
estimated  by  the  direction  of  the  vane,  seemed  to 
change.  This  immediately  suggested  to  him  the 
cause  of  the  phenomenon  which  had  so  much 
perplexed  him,  and  he  ultimately  found  it  to  be 
an  optical  illusion  occasioned  by  a  combination 
of  the  motion  of  light  with  the  motion  of  his  te- 
lescope while  observing  the  polar  stars — a  dis- 
covery of  no  inconsiderable  importance,  and  which 
will  immortalize  the  name  of  this  sagacious  and 
indefatigable  astronomer.  He  perceived  that,  if 
light  is  propagated  in  time,  the  apparent  place  of 
a  fixed  object  will  not  be  the  same  when  the  eye 
is  at  rest,  as  when  it  is  moving  in  any  other  di- 
rection than  that  of  the  line  passing  through  the 
eye  and  the  object ;  and  that  when  the  eye  is 
moving  in  different  directions,  the  apparent  place 
of  the  object  will  be  different. 

We  see  an  object  in  consequence  of  the  rays 
of  light  proceeding  from  it  striking  our  eyes,  and 
we  see  the  place  of  the  object  in  the  direction  in 
which  they  proceed.  If  light  be  in  motion  and  the 
eye  at  rest,  the  object  will  appear  in  its  real 
place,  provided  no  refracting  medium  intervene  ; 
but  if  the  eye  be  in  motion,  and  this  motion  in  a 
different  direction  from  that  of  the  rays  of  light, 
the  object  will  not  be  seen  in  its  true  position. 
Let  us  suppose  the  earth,  in  its  circuit  round  the 
sun,  just  arrived  opposite  to  a  fixed  star,  which 
Bends  off  rays  perpendicularly  to  the  direction  of 
Ihe  earth's  motion.     The  eye   of  the  spectator 


meets  the  ray,  and,  as  he  perceives  not  his  own 
motion,  he  supposes  the  light  to  be  moving  in  a 
different  direction,  as  when  we  sail  along  a  wind- 
ing river,  certain  objects  on  the  banks  appear  t.* 
pass  us  in  different  directions.  The  eye  missoj 
the  perpendicular  ray,  but  meets  an  oblique  one, 
and  thence  receives  the  impression  of  the  light  in 
the  direction  which  results  from  this  comjiound 
motion — namely,  in  the  diagonal  of  a  parallelo- 
gram, the  sides  of  which  represent  the  real  motion 
of  light.  The  spectator  sees  the  star  in  its  true 
place  only  when  he  is  approaching  it  or  receding 
from  it  in  a  straight  line.  When  moving  in  any 
other  direction,  the  star  appears  a  little  in  ad- 
vance of  its  true  position  ;  and  these  apparent 
changes  in  the  situation  of  the  heavenly  bodies, 
occasioned  by  the  annual  motion  of  the  earth, 
are  distinguished  by  the  aberration  of  Light.  They 
are  common,  to  a  certain  extent,  to  all  the  celestial 
orbs,  and  are  only  more  perceptible  and  striking 
in  the  case  of  the  fixed  stars.  In  consequence  of 
this  aberration  dui-iiig  the  revolution  of  llie  earth 
round  the  sun,  the  stars  appear,  acco);ding  as  they 
are  situated  in  the  plane  of  the  ecliptic,  or  in  its 
poles,  or  somewhere  between  them,  in  the  first 
case,  to  deviate  in  a  striught  line  to  the  right  or 
left  of  their  true  place  ;  in  the  second,  to  describe 
a  circle,  or  something  nearly  approximating  to  it ; 
and  in  the  third,  an  ellipse  about  that  point  which 
observation  determines  to  be  their  real  situation. 

This  subject  requires  a  little  degree  of  attention 
in  order  to  a  clear  understanding  of  it.  Perhaps 
the  following  illustrations  may,  in  some  measure, 
render  it  plain  to  the  general  reader.  Suppose  A 
B,  in  the  following  figure,  to  represent  a  part  of 
the  orbit  of  the  earth,  and  C  B  d.  ray  of  light  de- 
scending from  a  star  upon  the  earth's  orbit  AB  \ 

Fig.  74. 

5    4    3      2      1     C 


if  the  eye  be  at  rest  at  B,  the  object  wUl  appear 
in  the  direction  BC;  but  if  the  eye  be  moving 
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froin  A  toward  B,  and  liglit  be  propagated  with 
a  velocity  that  is  to  the  velocity  of  the  eye  (or 
of  tlie  earth's  motion)  as  C  jB  to  B  A,  that  par- 
ticle of  it,  by  which  the  object  will  be  discerned 
when  the  eye  conies  to  S,  will  be  at  G  when  the 
eye  is  at  4  ;  tlie  star,  therefore,  will  appear  in 
the  direction  A  C;  and  as  the  earth  moves 
through  the  equal  parts  of  its  orbit,  A  H,  H  I, 
I  K,  (tc,  the  lifrht  coining  from  the  star  will 
move  through  the  equal  divisions  C  d,  d  e,  ef,fg, 
g  B,  and  tlie  star  will  appear  successively  in  the 
directions  H  1,  I  2,  K  3,  L  4,  J3  5,  whicli  are  pa- 
rallel to  A  C ;  so  that  when  the  eye  conies  to  B, 
the  object  will  be  seen  in  the  direction  of  B  5. 

The  following  is  an  explanation  of  this  plieno- 
menoii  as  given  by  Sir  John  Herschel.  Suppose 
a  shower  of  rain  to  fall  perpendicularly  in  a  dead 
calm;  a  person  exposed  to  the  shower  who  should 
stand  quite  still  and  upright  would  receive  the 
drops  on  his  hat,  which  would  thus  shelter  him; 
but  if  he  ran  forward  in  any  direction  they  would 
strike  him  in  the  face.  The  effect  would  be  the 
same  as  if  he  remained  still,  and  a  wind  should 
arise  of  the  same  velocity  and  drift  them  against 
him.  Suppose  a  ball  to  fall  from  a  point  A  (fig. 
75)  above  a  horizontal  line  E  F,  and  that  at  B 
was  placed  to  receive  it  the  open  mouth  of  an 
inclined  hollow  tube  P  Q;  if  the  tube  were  held 
immovable,  the  ball  would  strike  on  its  lower 
Bide;  but  if  the  tube  were  carried  forward  in  the 
direction  E  F,  with  a  velocity  properly  adjusted 
at  every  instant  to  that  of  "the  ball,  ivhUe  pre- 
serving its  inclination  to  the  horizon,  so  that  when 
the  ball  in  its  natural  descent  reached  C,  the  tube 
should  have  been  carried  into  the  position  R  S,  it 
i^  evident  that  the  ball  would,  throughout  its 
whole  descent,  be  found  in  the  axis  of  the  tube; 
and  a  spectator,  referring  to  the  tube  the  motion 
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of  the  ball,  and  carried  along  with  the  former 
unconscious  of  its  motion,  would  fancy  that  the 
ball  had  been  moviug  in  the  inclined  direction  R 
S  of  the  tube's  axis.  Our  eyes  and  telescopes  are 
such  tubes.  The  earth  is  moving  through  space 
With  a  velocity  of  nineteen  miles  per  second  in  an 
elliptic  path  round  the  sun,  and  is  therefore  chang- 
ing the  directiou  of  its  motion  at  every  instant. 
Light  travels  with  a  velocity  of  192,000  miles  per 
second,  which,  although  much  greater  than  tliat 
of  the  earth,  is  yet  not  infinitely  so.  Time  is 
occupied  by  it  in  traversing  any  space,  and  in  that 
time  the  earth  describes  a  space,  whicli  is  to  the 
former  as  19  to  192,000,  or  as  the  tnngent  of 
20". 5  to  radius.  Suppose,  now,  ^  P  iS  to  repre- 
sent a  ray  of  light  from  a  star  at  A,  and  let  the 
lube,  P  Q,  be  that  of  a  telescope  so  inclined  for- 
wsrd  tliat  tlie  focus  formed  by  its  object-glass 


shall  be  received  upon  its  cross-wire,  it  is  evident 
from  what  has  been  said,  that  the  inclination  of 
tlie  tube  must  be  such  as  to  make  P  S  :  S  Q  : 
velocity  of  light  :  velocity  of  the  earth  :  :  tan- 
gent SlJjg"  :  1;  and  therefore  the  angle  S  P  Q, 
or  P  S  R,  by  which  the  axis  of  the  tele.scopo 
must  deviate  from  the  true  direction  of  the  star, 
must  be  ^O^.i". 

The  aberration  of  the  stars  has  also  been  illus- 
trated by  the  direction  in  wliicli  a  gunner  points 
his  gun  at  a  bird  on  the  wing.  Instead  of  level- 
ing it  exactly  at  the  bird,  he  dire^ts  it  a  little 
before  the  bird  in  the  path  of  its  flight,  and  so 
much  the  more  in  proportion  .as  the  flight  of  the 
bird  is  more  rapid  compared  with  that  of  the  shot. 
It  maj'  likewise  be  explained  by  supposing  a  per- 
son to  be  walking  in  a  shower  of  rain  with  a 
narrov/  tube  in  his  hand,  in  which  case  it  is  evi- 
dent that  the  tube  must  have  a  certain  inclination, 
so  that  a  drop  of  rain  which  enters  at  the  top  may 
fall  freely  through  it  without  touching  its  sides; 
which  inclination  must  be  greater  or  less  accord- 
ing to  the  velocity  of  the  drops  with  respect  to 
the  tube. 

From  the  discovery  of  the  aberration  of  tho 
stars  the  following  conclusions,  among  others, 
have  been  deduced, — 1.  That  the  small  apparent 
motion  which  the  fixed  stars  have  about  their  real 
places,  arises  from  the  proportion  which  the  velo- 
city of  the  earth's  motion  in  its  orbit  bears  to  that 
of  light.  This  proportion  is  found  to  be  as  1  to 
10,310;  c,  in  other  word.s,  light  moves  with  a 
velocity  ten  thousand  three  hundred  and  ten  times 
greater  than  that  of  the  earth  in  its  annual  course 
round  the  sun.*  2.  From  this  discovery  it  is 
proved  that  the  vdocitij  of  light  is  uniform  and  the 
same,  whether  as  emitted  originally  from  the  sun 
and  stars,  or  reflected  from  the  planets.  The  ve- 
locity of  the  earth  in  its  orbit  is  about  68,000 
miles  an  hour;  consequently,  the  motion  of  light 
in  the  same  time  is  7(11, Ot^O, 000,  or  a  little  more 
than  seven  hundred  millions,  which  gives  about 
eight  minutes  and  eight  seconds  as  the  time  it  wil". 
take  in  passing  from  the  sun  to  the  earth. f  This 
is  about  the  same  rate  of  the  motion  of  light  ;ig 
first  determined  by  Roenier  from  the  eclipses  of 
Jupiter's  satellites;  so  that  the  two  discoveries 
mutually  harmonize  and  confirm  each  other,  and 
prove  to  a  demonstration  the  progressive  motioa 
of  light,  and  that  its  rate  of  motion  is  the  same 
whether-  as  emanating  from  the  sun,  reflected 
from  the  satellites  of  Jupiter,  or  descending  from 
the  stars.  3.  The  aberration  of  light  affects 
the  apparent  right  ascensions  and  declinations 
of  all  the  stars.  Its  effect  on  each  particular 
star  is  to  make  it  apparently  describe  a  small 
ellipse  in  the  heavens,  having  for  its  center 
the  point  in  which  the  star  would  be  seen  if  the 
earth  were  at  rest.  Hence,  in  all  very  nice  calcu- 
lations and  determinations  of  the  positions  of  the 
stars,  allowance  must  be  made  for  the  effects  pro- 
duced by  aberration.  4.  The  aberration  of  light 
affords  a  sensible  and  direct  proof  of  the  motion  of 
the  earth  in  its  orbit  round  the  sun.     If  the  earth 


*  Tliis  is  tlie  proportion  of  radius  to  the  tanvjent  of  twenty 
seconds  and  a  liall",  which  is  the  greatest  apparent  displace- 
ment of  the  star  caused  by  aberration,  ami  the  radius  of  the 
circle  described  by  the  star  round  its  real  place  in  the  courso 
of  a  vear. 

t  This  is  found  by  multiplying  10,310  =  the  nnmber  of 
times  that  the  velocity  of  light  exceeds  that  of  the  earth,  fcj 
08,000  =  the  rate  of  the  earth's  motion  in  an  hour;  the  pro 
duct  is  701,()!^0,l)00.  Tliis  product  divided  by  00  gives  thf 
rate  of  motion  in  a  minute  =  ll,(i8-),0(jG.  Divide  95,000,- 
000,  the  distance  of  the  sun  from  the  earth,  by  this  last 
number,  and  the  quotient  will  give  eight  minutes  and  nearly 
eight  seconds  as  the  time  light  should  take  ia  passing  from 
the  suu  to  t)io  ea^tU. 
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were  not  in  motion,  no  such  effect  as  thut  of  the 
aberration  of  the  stars  could  take  place.  If  the 
earth  were  at  rest,  rays  from  a  star  would  pass 
along  the  a.\is  of  a  telescope  directed  to  it;  but 
were  it  set  in  motion  with  its  present  velocity, 
tiiese  rays  would  strike  against  the  side  of  the 
tube,  and  it  would  be  necessary  to  incline  the 
telescope  a  little  in  order  to  see  the  star.  The 
angle  contained  between  the  axis  of  the  telescope 
and  a  line  drawn  to  tl^e  true  place  of  the  star  is 
just  what  we  call  its  aberration,  wliich  could  not 
take  place  if  the  earth  were  not  in  motion.  That 
the  earth  is  a  planetary  body  moving  through  the 
depths  of  space  along  with  the  other  planets  of 
our  system  can  be  proved  by  numerous  consider- 
ations; but  the  fact  of  the  aberration  of  the  stars 
exhibits  thi.s  motion  to  our  senses  as  clearly  as  if 
from  a  fixed  point  in  the  firmament  we  actually 
beheld  it  pursuing  its  course  through  the  ethereal 
regions;  so  that  the  planetary  nature  of  our  globe, 
and  the  truth  of  the  Copernican  system,  are  no 
longer  to  be  considered  as  mere  hj^potheses,  but  as 
facts  susceptible  of  the  strictest  demonstration. 

ON   THE   PROPER   MOTIO.V    OF   THE    STARS. 

To  the  eye  of  a  common  observer,  all  the  stars 
and  constellations  in  the  heavens  appear  to  pre- 
serve the  same  relative  distances  from  each  other; 
and  even  astronomers,  not  more  than  two  centu- 
ries ago,  could  perceive  no  separate  motions  or 
variations  in  the  positions  of  these  distant  orbs. 
From  this  circumstance  they  were  denominated 
fxed  stars,  to  distinguish  them  from  the  planets, 
which  were  observed  to  shift  their  positions  and 
to  move  through  different  parts  of  the  heavens. 
After  the  telescope  was  invented  and  applied 
to  astronomical  instruments,  astronomers  began 
to  suspect  that  some  of  the  stars  had  a  slight 
degree  of  proper  motion  or  change  in  their  rela- 
tive position,  but  it  was  a  considerable  time  before 
such  motions  could  be  distinctly  ascertained. 
These  motions  first  began  to  be  observed  by  Dr. 
Halley,  and  afterward  by  Lemonnier  and  Cassini, 
and  were  completely  confirmed  by  Tobias  Mayer, 
who  compared  the  places  of  eighty  stars  as  deter- 
mined by  Roemer  with  his  own  observations,  and 
found  that  the  greater  part  of  them  had  a  proper 
motion.  He  likewise  suggested  that  the  change 
of  place  he  had  observed  among  these  stars  might 
arise  from  a  progressive  motion  of  the  sun  toward 
one  quarter  of  the  heavens.  La  Lande  deduced  a 
similar  opinion  from  the  rotary  motion  of  the 
8un,  by  supposing  that  the  same  mechanical  force 
which  gave  it  a  motion  round  its  axis,  would  also 
displace  its  center;  and  give  it  a  motion  of  trans- 
lation in  absolute  space.  Of  the  same  opinion 
was  Sir  W.  Herschel,  and  he  attempted,  by  a 
comparison  of  the  proper  motions  of  all  the  stars 
tliat  had  been  ascertained,  to  determine  the  point 
o£  the  heavens  toward  which  the  motion  of  the 
sun  was  directed,  which  he  supposed  w^s  that 
occupied  by  the  star  Zeta  Herculis. 

If  the  sun  really  have  a  motion  in  absolute 
space  directed  toward  any  particular  quarter  of 
the  heavens,  it  is  obvious  that  the  stars  in  that 
quarter  must  appear  to  recede  from  each  other, 
while  those  in  the  opposite  region,  which  the  sun 
is  leaving  behind,  must  seem  gradually  to  ap- 
proach, in  the  same  manner  as  when  we  walk 
tlirough  a  forest,  the  range.s  of  trees  to  which  we 
advance  are  constantly  widening  in  their  apparent 
distance  from  each  other,  while  the  distance  of 
those  we  leave  behind  is  gradually  contracting. 
It  does  not,  however,  appear,  from  the  most  recent 
ob.servntioiis,  that  the  (direction  in  whi'^h  the  sun 
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or  planetary  system  is  moving  is  yet  determined, 
allhough  it  is  admitted  that  our  system  has  a  mo- 
tion in  space,  and  that  the  apparent  proper  mo- 
tions of  some  of  the  stars  ma7j  be  the  result  of  our 
being  carried  in  a  certain  direction  through  abso- 
lute space  by  this  motion.  Such  a  motion,  and 
even  the  direction  of  it,  might  be  detected  by  such 
sidereal  observations  as  those  to  wliich  we  allude, 
if  we  knew  accurately  the  apparent  proper  mo- 
tions of  those  bodies,  and  that  tliey  were  inde- 
pendent of  any  general  motions  common  to  all  the 
stars;  but  in  the  present  stage  of  sidereal  observa- 
tion, it  seems  to  be  the  general  opinion  of  the 
most  eminent  astronomers,  that  no  sufilcient  data 
are  yet  afforded  for  deducing  definite  conclusions 
on  this  subject. 

The  following  table  contains  a  few  specimens 
of  the  annual  proper  motions  of  the  stars  in  right 
ascension  and  declination,  in  seconds  and  decimals 
of  a  second,  selected  from  the  observations  of  Dr. 
Maskelyne.  The  first  column  contains  the  name 
of  the  star;  the  second,  its  magnitude;  tlie  tiiird, 
its  annual  proper  motion  in  right  ascension;  and 
the  fourth,  its  motion  in  declination. 


Names 

Magnitude. 

Annual  Mo- 

Annual Mo- 

of the  Stars. 

tion  in  R.  A. 

tion  in  Dec. 

Seconds. 

Seconds.     \ 

Capella 

1 

4-0.21 

- 

h0.44N. 

Sirius 

1 

—  0.42 

- 

-1.04S. 

Castor 

1 

—  0.15 

- 

-0.44S. 

Frocyon 

1.2 

—  0.80 

- 

-  0.95  S. 

Pollux 

2 

—  0.74 

0.00 

€  Leonis 

1.2 

—  0.57 

4-0.07S. 

C  Virginis 

3 

-1-0.74 

-I-0.24S. 

Arcturus 

1 

—  1.26 

-1-1.72S. 

Altair 

1.2 

-1-0.48 
--0.23 

—  0.54N. 

a  Lyree 

1 

—  0.27N. 

An  tares 

1 

0.00 

—  0.2GN. 

In  the  above  table,  the  sign  -|-  prefixed  to  the 
annual  variation  of  right  ascension,  indicates  that 
the  variation  is  to  be  added  to,  and  the  sign  — 
that  it  is  to  be  subtracted  from,  the  right  ascen- 
sion, to  obtain  the  true  place  of  the  object  at  any 
given  time. 

It  is  found  that  not  only  among  single,  but 
even  among  double  stars,  such  motions  exist. 
While  revolving  round  each  other  in  the  manner 
formerly  described,  they  are  at  the  same  time 
carried  forward  through  space  with  a  progressive 
motion  common  to  both,  and  without  sensibly 
altering  their  distances  from  each  other.  One  of 
the  most  remarkable  of  these  is  the  double  star 
Gl  Cygni,  formerly  described,  whose  annual  parai- 
lax  and  distance  Professor  Bessel  appears  to  have 
lately  determined.*  The  two  stars  of  which  it  is 
composed  are  nearly  equal  in  apparent  size, 
and  they  have  remained  constantly/  at  the  same 
distance  of  15  seconds  for  at  least  fifty-seven 
years  past,  or  since  their  positions  began  to  be 
accurately  observed.  The  annual  proper  motion 
of  these  two  stars  is  found  to  be,  according  to 
Bessel,  5". 123;  which  is  the  greatest  annual  prope. 
motion  of  any  of  the  stars  which  has  yet  been 
discovered;  consequently,  during  the  ])eriod  now 
mentioned,  they  must  have  shifted  their  local 
situation  in  the  heavens  by  a  space  equal  to  4 
minutes,  52  seconds;  that  is,  a  space  equal  to 
more  than  one-seventh  of  the  apparent  diameter 
of  the  moon.  Such  a  change  of  place  in  bodies 
so  immensely  distant  as  62,000,000,000,000  of 
miles  indicates  a  prodigious  rapidity  of  motion. 
"  The  relative  motion  of  these  stars  and  the  suu," 


'  See  chap,  iv,  p.  31  ,<tn. 
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says  Bessei,  "  must  be  considerably  more  tban 
Bixleen*  semidiameters  of  the  earth's  orbit;"  that 
IS  1,552,  000,000  of  miles.  They  must  tlierefore 
move  at  the  rate  of  four  millions  two  hundred 
and  fifty-two  thousand  miles  a  day,  and  one  liun- 
dred  and  seventy-seven  thousand  miles  every 
hour;  which  is  6^,000  miles  an  hour  greater  than 
the  velocity  of  Mercury,  which  is  the  swiftest 
moving  body  in  the  planetary  system.  Here, 
then,  we  have  a  system  of  bodies  of  immense 
size  moving  with  amazing  velocity  in  diiferent 
directions;  for  as  these  stars  are  doubtless  suns, 
and  consequently  have  a  system  of  planets  re- 
volving round  each,  the  planets  must  move  round 
the  sun  to  which  they  more  immediately  belong, 
and  likewise  round  the  other  sun,  or  their  com- 
mon center  of  gravity,  and  at  the  same  time  they 
are  carried  forward  to  some  distant  region  with 
the  velocity  now  stated. 

Among  single  stars,  that  which  is  marked  [ji. 
Cassiopeia,  one  of  the  smaller  stars  in  that  con- 
stellation, is  marked  as  having  the  greatest  proper 
motion  of  any  yet  ascertained.  The  amount  of 
its  annual  motion  is  estimated  at  .3^^  seconds, 
which  in  tbe  course  of  a  century  will  amount  to. 
6  minutes  15  seconds,  a  space  in  the  heavens  equal 
to  one-fifth  of  the  apparent  diameter  of  the  moon. 


If  this  star  be  reckoned  at  the  same  distance  from 
the  earth  as  the  double. star  61  Cygni,  the  velocity 
of  its  motion  every  day  will  be  3,112,000  miles; 
every  hour,  130,000;  and  every  minut(^,  2,160. 
The  annual  proper  motion  of  Arcturus,  in  decli- 
nation, is  1".72,  which  is  nearly  one-half  the  mo- 
tion  of  fji  Cassiopeia;  and  a  great  many  others  are 
found  by  observation  to  be  constantly  progressing 
through  the  heavens  by  annual  intervals  of  dif- 
ferent degrees  in  extent,  but  generally  smaller 
than  those  stated  above.  Tliese  changes  of  posi- 
tion in  the  stars  cannot  be  perceived  by  the  naked 
eye,  and  are  consequently  imperceptihle  to  com- 
mon observers;  and  even  with  the  most  accurate 
astronomical  instruments  some  of  them  cannot 
be  determined  until  after  a  lapse  of  years.  Such 
motions  give  us  reason  to  conclude  that  all  the 
bodies  in  the  universe  are  in  perpetual  motion, 
and  many  of  them  acted  upon  by  separate  forces, 
which  carry  them  in  different  directions;  and 
although  some  of  these  motions  appear  little  more 
than  just  perceptible  at  the  immense  distance  at 
which  we  are  placed  from  them,  yet  it  is  probable 
that  even  the  slowest  motion  of  any  of  the  stars 
is  not  less  than  at  the  rate  of  several  thousands 
of  miles  every  hour,  indicating  the  operation  of 
forces  incomprehensible  by  the  human  mind. 


CHAPTER    XIV. 


ON    THE    DESTINATION    OF    THE    STARS;    OR,  THE    DESIGNS    THEY    ARE 
INTENDED   TO   SUBSERVE   IN  THE   SYSTEM  OF   THE   UNIVERSE. 


For  many  ages  during  the  infancy  of  astro- 
nomy, the  stars  were  considered  chiefly  as  an 
appendage  to  the  world  in  which  we  dwell.  The 
crystalline  sphere  in  which  they  were  supposed  to 
be  fixed  was  regarded  as  only  the  canopy  of  man's 
terrestrial  habitation,  and  the  orbs  with  which  it 
is  diversified  as  so  many  brilliant  spangles  to  adorn 
it,  and  to  diffuse  a  few  glimmering  rays  to  cheer 
the  darkness  of  the  night.  This  celestial  arch. 
In  which  the  sun  and  moon  are  also  placed,  was 
supposed  to  revolve  around  us  every  twenty-four 
hours,  producing  an  alternate  succession  of  light 
and  of  darkness,  while  the  earth,  as  the  center  of 
the  universe,  was  considered  as  remaining  in  a 
state  of  perpetual  quiescence.  Above  the  visible 
heavens,  where  the  stars  are  placed,  nothing  was 
supposed  to  exist  except  the  throne  of  the  Al- 
mighty and  the  abodes  of  the  blessed;  and  such 
are  still  the  contracted  views  of  the  majority  of 
the  inhabitants  of  our  globe  respecting  that  im- 
mense and  glorious  firmament  with  which  we  are 
surrounded. 

It  is  true  indeed  that  the  stars,  in  a  certain  ' 
subordinate  sense,  were  intended  for  the  benefit 
o*"  man;  for  we  actually  derive  many  advantages 
from  their  apparent  motions  and  influence.  They 
present  to  our  view  a  scene  of  beauty  and  mag- 
nificence which  enchants  the  eye  and  gratifies  the 
imagination,  and  tends  to  raise  the  soul  above 
groveling  pursuits  and  terrestrial  vanities.  They 
cheer  the  shades  of  midiiight  and  enable  us  to 
prosecute  our  journeys  after  the  sun  has  left  our 
hemisphere;  without  the  influence  of  whose  light 
our  winter  evenings  would  bo  shrouded  in  impene- 

•  About  )()>3      See  p.  32. 


trable  darkness,  and  not  an  object  around  us 
could  be  distinguished.  In  the  absence  of  the 
moon  all  would  be  dark,  as  was  chaos  before  light 
was  formed  to  illuminate  creation.  Were  the 
light  of  the  starry  orbs  extinguished,  instead  of 
the  grand  and  beautiful  aspect  now  presented 
from  above,  the  firmament  would  appear  only  like 
an  immense  blank,  or  a  boundless  desert,  where 
nothing  would  be  seen  to  stimulate  human  in- 
quiry, or  to  display  the  attributes  of  the  Creator. 
Those  orbs  are  likewise  of  essential  service  to 
different  departments  of  human  life;  they  serve 
as  guides  to  the  travelerwhen  journeying  through 
vast  and  unfrequented  deserts,  and  to  the  mariner 
when  conducting  his  vessel  from  one  country  to 
another  through  the  wide  and  pathless  ocean. 
The  Pole-star,  on  account  of  its  apparently  fixed 
position,  has  in  every  age  been  viewed  with 
solicitous  attention  by  tbe  navigator;  and  before 
the  invention  of  the  compass  it  was  his  principal 
guide  to  direct  his  bark  to  the  desired  haven.  In 
short,  by  means  of  the  stars  we  have  been  ena- 
bled to  determine  the  exact  length  of  the  day  and 
of  the  year,  the  various  subdivisions  of  time,  the 
commencement  and  termination  of  the  seasons, 
the  circumference  of  the  globe,  the  density  of  its 
materials,  and  the  relative  positions  of  places  on 
every  part  of  its  surface;  all  which  advantages  it 
becomes  man  duly  to  appreciate,  and  with  a  grate- 
ful heart  to  adore  the  wisdom  and  goodness  of 
Him  "  who  made  the  sun  to  rule  the  day,  and  tho 
moon  and  stars  to  rule  the  night,"  and  who  has 
rendered  all  his  arrangements  subservient  to  the 
happiness  of  his  intelligent  offspring. 

But  although  the  stars  are  of  essential   benefit 
to  the  inhabitants  of  our  globe,  yet  we  ought  not 
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ioT  a  moment  to  imagine  that  this  was  the  chief 
and  ultimate  end  for  which  they  were  brought 
into  existence.  We  know  that  tliey  are  bodies  of 
immense  size,  the  least  of  them  many  thousands 
of  times  larger  than  our  globe.  But  such  a  num- 
ber of  magnificent  globes  were  not  necessary,  in 
order  to  shed  a  few  glimmering  rays  upon  the 
earth;  since  the  creation  of  an  additional  moon 
would  diffuse  far  more  light  over  our  world  than 
that  which  descends  to  the  earth  from  all  the 
visible  stars  in  the  firmament.  And  we  know 
that  the  Creator  does  nothing  in  vain.  It  is  the 
characteristic  of  infinite  wisdom  to  proportionate 
means  to  the  end  intended  to  be  accomplished; 
but  in  this  case  there  would  be  no  proportion 
between  the  means  and  the  end — between  cre- 
ating a  thousand  globes  of  light  of  incalculable 
magnitude,  and  shedding  a  few  glimmering  rays 
to  alleviate  the  darkness  of  midnight;  and  there- 
fore this  cannot  be  supposed  the  chief  end  of 
their  creation,  without  impeaching  the  wisdom 
and  intelligence  of  Him  "  who  stretched  out  the 
heavens  by  his  understanding."'  Beside,  what- 
ever might  be  said  in  reference  to  the  stars  visible 
to  the  unassisted  eye,  it  is  impossible  for  a  mo- 
ment to  conceive  that  tliose  thousands,  and  ten 
thousands,  and  millions  of  stars,  which  are  only 
visible  through  the  most  powerful  telescopes,  and 
whose  light  has  never  yet  reached  our  globe, 
could  have  been  created  merely  for  the  use  of 
the  inhabitinta  of  this  earth.  Such  a  suppo- 
sition must  be  forever  discarded  by  every  one 
who  would  entertain  an  honorable  and  consistent 
idea  of  the  operations  of  infinite  wisdom. 

What,  then,  it  may  be  asked,  is  the  chief  and 
ultimate  destination  of  those  magnificent  globes? 
We  may  answer  in  general  terras,  that  it  is  a  des- 
tination corresponding  to  the  magnitude  and 
grandeur,  and  the  intrinsic  splendor  of  those  dis- 
tant bodies.  It  is  the  characteristic  of  every  wise 
artist  and  architect,  that  he  selects  the  most  pro- 
per means  to  accomplish  the  end  intended,  and 
proportionates  every  part  of  a  machine  or  edifice 
to  all  the  other  parts,  so  as  to  produce  a  harmony 
and  unity  of  design.  A  philosophical  instrument- 
maker,  for  example,  in  constructing  an  orrery 
does  not  make  wheels  of  a  hundred  yards  in  dia- 
meter for  carrying  balls  of  less  than  an  inch  in 
diameter  round  a  circle  of  only  six  feet  in  circum- 
ference ;  nor  does  a  watchmaker  employ  two 
hundred  wheels  and  pinions  in  the  construction 
of  a  timepiece,  when  less  than  a  dozen  may  suf- 
fice; nor  does  an  architect  make  the  portico  of  an 
edifice  five  hundred  times  larger  than  the  whole 
structure.  Were  any  individual  to  act  in  this 
manner,  he  would  at  once  be  denounced  as  utterly 
destitute  of  wisdom,  and  viewed  as  a  fool  or  a 
maniac.  Now,  we  are  to  consider  the  Almighty, 
in  all  his  arrangements  throughout  the  universe, 
as  acting  on  the  same  general  principle  which 
directs  a  wise  and  intelligent  artist  in  all  his  plans 
and  operations;  for  wisdom  is  an  essential  attribute 
of  the  Divinity,  and  all  his  works,  when  minutely 
inspected,  must  necessarily  display  this  perfection 
to  intelligent  minds.  To  suppose  otherwise,  to 
imagine  for  a  moment  either  that  he  has  not  pro- 
portioned one  part  of  the  universe  to  another,  or 
that  the  greater  part  of  it  was  created  for  no  use 
at  all,  would  be  the  hight  of  profanity  and  im- 
piety, and  would  rob  the  eternal  Majesty  of  Hea- 
ven of  one  of  the  most  distinguishing  attributes 
of  his  nature.  Bearing  this  principle  in  mind,  we 
are  necessarily  led  to  the  conclusion — a  conclu- 
sion as  certain  as  any  mathematical  demonstra- 
tion— namely,  that  the  benefit  of  the  inhabitants 
of  our  globe  was  nol  tin:  chief  or  ultim^ite  design 


for  which  the  stars  were  created,  but  that  tho 
Deity  had  a  higher  and  more  expansive  design  to 
accomplish  in  their  formation.  We  do  not  pre- 
tend to  fathom  all  the  subordinate  designs  the 
Creator  may  have  had  in  his  view  in  the  creation 
of  the  stars,  or  of  any  other  object;  but  as  he  has 
endowed  us  with  rational  faculties  for  the  investi- 
gation of  his  works,  it  is  evident  that  he  intended 
we  should  be  able  to  discover  sonie  of  the  main 
and  leading  designs  which  he  intended  to  accom- 
plish in  the  formation  of  the  great  bodies  of  the 
universe. 

We  therefore  maintain  that  one  of  the  grand 
and  leading  designs  of  the  creation  of  the  stars 
was,  that  they  sliould  serve  as  suns  to  give  light 
to  other  worlds  and  systems  with  which  they  are 
more  inniiediately  connected.  This  proposition  I 
have  all  along  taken  for  granted  in  the  preceding 
pages,  and  shall  now  adduce  a  few  arguments  to 
elucidate  and  support  it. 

1.  They  all  shine  by  their  own  native  light. 
Tills  is  the  peculiar  characteristic  of  a  sun  in 
distinction  from  the  planetary  globes,  which  all 
shine  with  rejlected  light,  derived  from  the  lumi- 
nous center  around  which  they  revolve.  The 
immense  distance  at  which  the  nearest  stars  are 
placed  from  our  globe  is  a  clear  proof  that  they 
shine,  not  with  borrowed^  but  with  inherent 
splendor;  for  reflected  light  from  such  a  distance 
would  be  entirely  dissipated  ere  it  could  reach  our 
eyes.  This  likewise  appears  from  actual  observa- 
tion, and  from  a  comparison  of  the  brilliancy  of 
the  fixed  stars  with  that  of  the  planets,  in  which 
there  is  found  a  striking  difference.  Mercury 
and  Venus  are  the  two  planets  which  revolve  in 
the  immediate  neighborhood  of  the  sun,  and  con- 
sequently derive  from  him  a  greater  portion  of 
light  than  any  of  the  other  planets;  yet  it  is  found 
that  the  luster  of  the  star  Sirius,  and  even  that 
of  Capella,  is  much  more  brilliant  than  that  of 
cither  Mercnry  or  Venus;  and  it  is  demonstrably 
certain  that  both  these  stars  are  situated  far 
beyond  the  orbit  of  Uranus;  and  therefore,  if  they 
derived  their  light  from  the  sun,  they  behooved  to 
be  incomparably  more  obscure  than  any  of  the 
planets.  The  luster  and  brilliancy  which  the 
fixed  stare  exhibit  when  viewed  with  telescopes 
of  large  apertures  and  powers  is  exceedingly 
striking.  Sir  W.  Herschel  seldom  looked  at  the 
larger  stars  through  his  forty-feet  telescope,  be- 
cause their  blaze  was  injurious  to  his  sight.  At 
one  time,  after  sweeping  a  portion  of  the  heavens 
with  that  instrument,  he  tells  us  that  "  the  appear- 
ance of  Sirius  announced  itself  at  a  great  distance 
like  the  dawn  of  the  morning,  and  came  on  by 
degrees,  increasing  in  brightness,  until  this  bril- 
liant star  at  last  entered  the  field  of  the  telescope 
with  all  the  splendor  of  the  rising  sun,  and  forced 
me  to  take  my  eye  from  the  beautiful  sight." 
These  and  other  circumstances  clearly  show  that 
the  stars  are  indued  with  native  splendor,  and  are 
not  dependent  on  any  other  luminaries  for  the 
brilliancy  they  display,  and  consequently  are  fitted 
to  act  as  suns  for  the  illumination  of  opaque 
globes  with  which  they  are  more  immediately 
connected. 

2.  They  are  placed  at  an  immense  distance  from 
our  earth  and  from  one  another,  and  consequently 
it  is  impossible  that  they  could  derive  their  luster 
from  our  sun;  for  the  sun  in  his  present  situation 
could  afford  them  no  more  light  than  a  single  star 
transmits  to  our  globe;  and  to  some  of  the  moro 
distant  stars  his  rays  would  be  altogether  invisi- 
ble. And  if  the  sun  cannot  be  supposed  to  en- 
lighten any  of  those  orbs,  from  the  distance  at 
which  he  is  pbced,  there  is  no  other  body  knovv'p 


86 


SIDEREAL  HEAVENS. 


to  us  whence  their  light  may  be  derived,  if  they 
do  not  shine  with  their  own  native  splendor. 

3.  They  are  bodies  of  immense  magnituJe.  We 
have  already  shown,  both  from  mathematical 
considerations  and  popular  illustrations,  that  the 
stars  are  unquestionably  at  a  very  great  distance 
from  our  globe,  a  distance  which  is  almost  incom- 
prehensible. (Chap.  IV.)  Tlieir  bulk  must  there- 
fore be  very  great.  If  they  were  no  larger  than 
the  globe  on  which  we  live,  they  would  be  alto- 
gether invisible,  even  although  they  shine  with 
their  own  native  light.  Few  of  them  can  be  con- 
sidered as  much  less  than  our  sun,  and  the  greater 
number  of  them  are  in  all  probability  much  larger; 
thej"^  are  therefore  fitted  by  their  enormous  size, 
and  their  consequent  attractive  power,  to  be  the 
centers  of  systems  of  planetary  worlds,  and  to 
diffuse  around  them  to  an  immense  distance  a 
splendid  illumination.  But  it  would  be  absurd  to 
suppose  that  such  a  number  of  vast  luminous 
globes,  placed  at  such  immense  distances  from 
each  other,  and  from  the  earth,  could  have  been 
created  solely  for  the  benefit  of  the  inhabitants 
of  our  world;  for  it  would  argue  a  want  of  wis- 
dom in  not  proportioning  means  to  ends;  since  a 
single  star  of  the  one-thousandth  part  of  its  pre- 
sent bulk,  placed  within  a  million  of  miles  of  the 
earth,  would  aftord  us  far  more  light  than  all  the 
stars  put  together. 

4.  Were  we  removed  to  the  distance  only  of  the 
nearest  stars,  our  sun  would  appear  no  larger 
than  one  of  those  twinkling  orbs,  and  from  some 
of  them  he  would  disappear  altogether;  at  most, 
he  would  appear  only  as  one  of  the  small  stars 
which  deck  the  firmament,  and  probably  one  only 
of  the  fifth  or  sixth  magnitude;  consequently  all 
the  planets  of  our  system  would  entirely  disap- 
pear. Even  Jupiter  and  Saturn,  though  each  of 
them  is  a  thousand  times  larger  than  the  earth, 
would  be  quite  invisible,  by  reason  of  their  com- 
parative smallness  and  their  shining  only  by  re- 
Jf^ted  light.  The  system  to  which  we  belong 
cannot  therefore  be  supposed  to  have  any  immedi- 
ate connection  even  with  the  nearest  stars;  and 
these  stars  must  be  considered  as  having  appropriate 
purposes  to  fulfill  in  their  own  immediate  sphere. 

5.  The  stars,  in  point  of  number,  size  and 
splendor,  constitute  abnost  the  whole  universe,  at 
least,  so  far  as  it  has  been  unfolded  to  our  view. 
The  bodies  which  compose  the  planetary  system 
contain  a  mass  of  solid  matter  about  2480  times 
larger  than  that  of  the  earth,  and  the  sun  is  about 
500  times  greater  than  the  whole  of  them  taken 
together.  But  this  system,  great  as  it  appears  in 
tJie  eyes  of  mortals,  is  but  as  a  diminutive  ball, 
or  even  as  a  mere  point,  when  compared  with  the 
myriads  of  stars  which  the  firmament  displays, 
and  which  the  telescope  has  brought  to  view. 
These  innumerable  globes  of  light  were  created 
for  use — to  subserve  important  purposes  in  the 
plan  of  the  Divine  administration.  They  were 
not  launched  through  the  spaces  of  infinity  at 
random,  merely  to  display  the  energies  of  Omni- 
potence, and  to  light  up  the  wilds  of  immen- 
sity with  a  useless  splendor.  Such  a  supposition 
would  be  derogatory  to  the  attributes  and  charac- 
ter of  the  All-wise  Creator,  and  would  distort  all 
the  views  we  ought  to  en'ertain  of  a  Being  pos- 
sessed of  infinite  perfection.  Those  immense 
bodies  must  therefore  be  conceived  as  intended 
chiefly  to  diffuse  their  light  and  splendor  over 
worlds  with  which  they  are  more  immediately 
connected,  and  for  the  ultimate  design  of  com- 
municating happiness  in  various  forms  to  the  dif- 
ferent orders  of  "beings  with  which  they  may  be 
replenished.     What  other  subonJ'aate  ends  they 


may  accomplish  in  the  grand  scheme  of  the  uni- 
verse, beside  the  advantages  we  derive  from  them, 
is  beyond  our  province  to  determine.  It  is  not 
improbable,  however,  that  every  star  or  system, 
whether  single,  binary,  or  ternary,  may  have, a 
subordinate  end  to  serve  to  every  other  system,  as 
forming  parts  of  one  whole  under  the  government 
of  Infinite  Wisdom.  As  we  derive  advantages  from 
these  orbs,  distant  as  they  are,  and  as  they  diver- 
sify the  ceiling  of  our  earthly  hal)itation  with  a 
splendid  decoration,  so  they  will  likewise  adorn 
the  firmament  of  other  systems,  and  display  to 
the  view  of  their  inhabitants  both  the  energies  of 
Omnipotent  Power  and  the  manifold  wisdom  of 
God. 

6.  We  have  some  direct  indications  that  the  fixed 
stars  are  in  realitij  suns.  It  forms  no  argument 
against  the  idea  of  the  stars  being  the  centers  of 
systems,  that  we  have  hitherto  been  unable  to 
detect  any  of  their  revolving  planets;  for  unless 
such  planets  be  far  beyond  the  magnitude  of  those 
belonging  to  our  system,  and  unless  their  surfaces 
be  fitted  to  reflect  the  rays  of  light  with  extraor- 
dinary brilliancy,  we  could  not  expect  them  to  be 
visible  at  the  remote  distance  at  which  we  are 
placed,  since  the  stars  themselves  appear  only  as 
shining  points.  But  certain  phenomena  which 
have  been  observed,  chiefly  within  the  last  cen- 
tury, give  indication  of  the  solar  nature  of  the 
fixed  stars.  In  the  first  place,  there  are  phenom- 
ena which  indicate  that  some  of  them  at  least, 
like  our  sun,  have  a  rotation  round  their  axes. 
In  Chapter  VII  we  have  given  a  brief  view  of 
the  phenomena  of  variable  stars.  One  of  these, 
named  Algol,  is  found  regularly  to  pass  through  a 
change  of  brightness  from  the  second  to  the 
fourth  magnitude,  and  again  to  its  original  bright- 
ness in  two  days  and  about  twenty-one  hours 
The  star  C  Lyrae  passes  through  a  periodic  varia- 
tion, from  the  third  to  the  fifth  magnitude,  in  six 
days  and  nine  hours.  A  star  in  Hercules  varies 
its  luster  periodically,  in  the  course  of  sixty  days 
and  six  hours.  A  star  in  Sobieski's  shield  changes 
from  the  fifth  to  the  seventh  or  eighth  magnitude, 
and  returns  to  its  greatest  brightness,  in  a  period 
of  sixty-two  days.  These  and  many  other  stars 
give  pretty  evident  indications  of  a  rotation  round 
their  axes.  Their  periodic  changes  are  exact  and 
regular;  and,  in  order  to  account  for  the  phenom- 
ena, we  have  only  to  suppose  that  one  of  their 
hemispheres  is  either  covered  with  large  dark 
spots,  or  is  encompassed  with  a  medium  which 
prevents  it  from  emitting  so  much  light  to  our 
eyes  as  the  other,  and  that  each  hemisphere  is 
presented  to  our  view  in  alternate  succession 
Our  sun,  indeed,  would  not  exhibit  any  sensible 
variation  of  luster  at  the  distance  of  the  stars, 
notwithstanding  some  large  spots  on  his  surface; 
but  we  have  no  reason  to  conclude  that  the  stars, 
although  they  are  all  luminous  bodies,  are  exactly 
alike  in  every  part  of  their  constitution,  since 
variety  appears  to  be  a  characteristic  of  all  the 
arrangements  in  the  universe.  The  darker  hemi- 
sphere of  the  stars  to  which  we  allude  may  pro- 
duce a  change  of  illumination,  which  will  form 
an  agreeable  vicissitude  to  the  inhabitants  of  tha 
worlds  which  roll  around  them,  and  which  may 
produce  an  effect  somewhat  analagous  to  that 
which  is  produced  by  the  alternate  shining  of  a 
white  and  a  yellow  sun,  as  in  the  case  of  some  of 
the  double  stars  (see  pp.  52,  53.) 

Again,  there  are  stars  whose  periods  of  variablo 
luster  are  much  longer  than  those  now  stated. 
Some  of  them  pass  through  their  periodic  changes 
in  331  days,  some  in  494  days,  and  othei-s  not 
unii!   iifUr  ti.e   lapse   of  eighteen  years.    Such 
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changes,  at  east  in  some  instances,  may  be  ac- 
counted for  by  the  intervention  of  opaque  revol- 
ving bodies,  or  planets  of  a  large  size,  passing 
directly  between  our  eye  and  the  stars,  when  re- 
volving through  that  half  of  thei.  orbits  which 
lies  next  the  earth.  It  is  almost  certain  that  either 
the  one  or  the  other  of  the  circumstances  now 
mentioned  is  the  cause  which  produces  the  phe- 
nomena of  variable  stars,  and  in  either  case  a 
strong  presumption  is  afforded  of  the  reality  of 
other  planetary  systems.  If  rotation  be  the  cause 
of  the  changes  alluded  to,  the  analogy  between 
our  sun  and  the  stars  is  almost  verified,  for  the 
most  eminent  philosophers  have  always  considered 
that  the  rotation  of  an  orb  is  necessarily  connect- 
ed both  with  motion  in  space,  and  with  the  exist- 
ence of  revolving  planets.  If  such  changes  arise 
from  the  interposition  of  opaque  globes,  as  is 
highly  probable  in  some  of  the  cases  we  have 
stated,  then  we  have  direct  evidence  that  the  stars 
are  in  reality  the  centers  of  systems,  and  that 
their  planets  are  constructed  on  a  scale  of  magni- 
ficence far  surpassing  that  of  our  solar  system. 
(See  Ch.  VII,  pp.  4:j,  44.)  It  is  highly  probable 
that  both  the  causes  to  which  we  have  now  ad- 
verted operate  in  producing  the  phenomena  of 
variable  stars.  Those  whose  periodic  varia- 
tions are  the  shortest  may  be  produced  by  ro- 
tation, and  those  in  which  years  are  requisite 
to  accomplish  all  the  changes,  may  arise  from 
the  intervention  of  very  large  opaque  revolving 
bodies. 

It  has  been  surmised  by  some  astronomers  that 
certain  very  small  stars  which  accompany  larger 
ones  probably  shine  by  reflected  light.  Sir  John 
Herschel,  a  few  years  ago,  called  the  attention  of 
astronomical  observers  to  this  point.  The  stars 
to  which  he  has  requested  particular  attention  are 
such  as  the  following: — /Ursse  Majoris,  y  HydrEB, 
A  Geminorum;  a.  2  Cancri,  *  2  Capricorni,  and 
several  others.  Iota  Ursse  is  a  star  of  the  third  or 
fourth  magnitude,  in  the  fore  foot  of  the  Great 
Bear:  right  ascension,  8h.  46' 54";  north  declina- 
tion, 47°  51'  20".  Gamma  Hydree  is  a  star  of  the 
fourth  magnitude,  about  thirty-five  degrees  south- 
east from  Regulus,  and  about  twenty-nine  degrees 
west  by  south  from  Spica  Virginis:  right  ascen- 
sion, llh.  16'  57";  south  declination,  16°  42'. 
Kappa  Geminorum  is  a  star  of  the  fourth  magni- 
tude, situated  about  three  degrees  and  a  half  south 
of  Pollux:  right  ascension,  7h.  33'  38";  north  de- 
clination, 24*^  49'.  The  star  a.  2  Capricorni  is  of 
the  third  magnitude,  about  twenty-two  degrees 
south  by  east  of  Altair,  and  about  two  degrees 
and  a  half  north  of  Q  Capricorni,  &c.  It  is  to 
the  very  small  and  point-like  stars  which  accom- 
pany these  that  the  attention  is  to  be  directed; 
they  are  minute  points  of  light  which  can  only 
be  perceived  by  telescopes  of  considerable  power. 
Some  of  these  are  suspected  as  shining  with  re- 
flected light;  and  if  this  point  could  be  ascertained, 
it  would  form  a  direct  proq/"  of  planets  circulating 
around  stars  and  enlightened  by  their  beams. 
We  have  reason  to  hope,  from  the  increase  of  as- 
tronomical observers,  from  the  accuracy  with 
which  sidereal  observations  are  now  coiiducted, 
•ud  from  the  improvements  of  which  the  telescope 


is  still  susceptible,  that  this  interesting  fact,  will, 
ere  long,  be  determined  by  ocular  demonstration; 
and  when  such  a  discovery  shall  have  been  made, 
the  telescope,  which  has  already  disclosed  so  many 
wonders,  will  then  have  performed  one  of  its 
most  sublime  and  mighty  achievements. 

In  the  meantime,  we  have  no  reason  to  enter- 
tain the  least  doubt  that  the  stars  are  in  reality 
suns  and  the  distributors  of  light  to  other  worlds 
any  more  than  we  ought  to  doubt  of  the  motion 
of  the  earth,  because  we  have  never,  from  a  fixed 
point  in  the  firmament,  beheld  it  wheeling  its 
rapid  course  through  the  ethereal  spaces  around 
the  sun.  Since  the  stars  cannot,  with  the  least 
show  of  reason,  be  supposed  to  have  been  created 
chiefly  for  the  use  of  our  globe,  it  is  as  certain 
as  moral  demonstration  can  make  it,  that  they 
were  principally  intended  to  fulfill  a  higher  and  a 
nobler  purpose,  and  that  this  purpose  has  a  res- 
pect to  the  accommodation  and  happiness  of  in- 
telligent existence,  either  in  the  stars  themselves 
or  in  worlds  which  revolve  around  them ;  for 
the  Creator  and  Governor  of  the  universe  must 
be  considered,  in  all  his  arrangements,  as  acting 
in  perfect  consistency  with  those  perfections  of 
his  nature  with  which  he  is  eternally  and  essen- 
tially invested.  But  to  suppose  the  innumerable 
host  of  stars  to  be  only  so  many  vast  insulated 
globes,  hung  up  to  irradiate  the  void  spaces  of 
infinitude,  would  be  repugnant  to  all  the  concep- 
tions which  reason  and  revelation  lead  us  to  form 
of  a  Being  of  infinite  perfection. 

If  then,  the  fixed  stars  are  the  centers  of  light 
and  influence  to  surrounding  worlds,  how  im- 
mense must  that  empire  be  over  which  the  moral 
government  of  the  Almighty  extends! — how  ex- 
pansive the  range,  and  how  diversified  the  order 
of  planetary  systemsl — how  numerous  beyond 
calculation  the  worlds  which  incessantly  roll 
throughout  the  immensity  of  space!  What 
countless  legions  of  intellectual  beings,  of  every 
rank  and  capacity  must  crowd  the  boundless 
dominions  of  the  King  eternal,  immortal,  and 
invisible! — and  how  gloriousand  incomprehensible 
must  he  be  whose  word  caused  this  vast  fabric  to 
start  into  existence,  and  who  superintends  every 
moment  the  immensity  of  beings  with  which  it 
is  replenished!  In  attempting  to  grasp  such 
scenes  the  human  mind  is  bewildered  and  over- 
whelmed, and  can    only  exclaim,   *'  Great  and 

MARVELOUS  ARE  THY  WORKS,  LoRD  GoD  AlJIIGHTY." 

"  Seest  thou  these  orbs  that  numerous  roll  above? 
Those  lamps  that  nightly  greet  thy  visual  powers 
Are  each  a  bright  capacious  sun  lilie  ours. 
The  telescopic  tube  will  still  descry 
Myriads  behind  that  'scape  the  naked  eye, 
And  farther  on  a  new  discovery  trace 
Through  the  deep  regions  of  encompassed  space. 
If  each  bright  star  so  many  suns  are  found 
With  planetary  systems  circled  round. 
What  vast  infinitude  of  worlds  may  grace. 
What  beings  people  the  stupendous  space? 
Whatever  race  possess  the  ethereal  plain, 
What  orbs  they  people,  or  what  ranks  maintain? 
Though  the  deep  secret  heaven  conceals  below, 
One  truth  of  universal  scope  we  know; 
Our  nobler  part,  tlie  same  ethereal  mind, 
Relates  our  earth  to  all  their  reasoning  kind. 
One  Deify,  one  sole  creating  cause. 
Our  active  cares  and  joint  devotion  draws." 


CHAPTER    XV. 


ON  UNKNOWN   CELESTIAL    BODIES— ON  METEORIC  PHENOMENA- 
SHOOTING    STARS. 


-AND    ON 


Ws  are  not  to  imagine  that  we  have  yet  dis- 
covered the  greater  part  of  the  bodies  which  exist 
in  those  spaces  whose  range  lies  within  the  reach 
of  our  telescopes.  All  the  discoveries  which  have 
hitherto  been  made  in  the  heavens  have  been 
owing  to  the  light  emitted  by  very  distant  orbs 
having  been  concentrated  on  the  eye  by  the  mag- 
nifying and  space-penetrating  power  of  the  tele- 
scope; but  it  is  not  improbable  that  there  are 
numerous  bodies  within  the  circuit  of  the  visible 
heavens  which  send  forth  no  rays  of  light  suscep- 
tible of  being  refracted  or  reflected  to  the  eye  by 
our  finest  instruments.  Some  of  the  largest  bodies 
ill  the  universe  may  either  be  opaque  globes,  or 
BO  slightly  illuminated  that  no  traces  of  their  ex- 
istence can  ever  be  perceived  from  the  region  we 
now  occupy.  The  greater  part,  if  not  the  whole, 
of  the  orbs  which  have  been  described  in  the  fir- 
mament, with  the  exception  of  the  planets  and 
comets  of  our  system,  are  globes  which  shine 
with  their  own  inherent  luster,  without  which 
their  existence  would  have  been  to  us  forever 
unknown.  We  are  not  warranted  to  call  in  ques- 
tion the  existence  of  any  class  of  bodies  merely 
because  our  limited  organs  of  perception  and  our 
situation  in  the  universe  prevent  us  from  perceiv- 
ing them.  We  have  never  yet  beheld  the  planets 
which  doubtless  circulate  around  other  suns,  al- 
though there  can  be  no  question  that  such  bodies 
really  exist;  and  there  may  be  opaque  globes  of 
a  size  incomparably  larger  than  either  planets  or 
suns,  which  may  serve  as  the  centers  of  certain 
systems,  or  for  some  other  important  purposes 
to  us  unknown;  for  all  that  we  have  yet  explored 
of  the  distant  regions  of  creation  is  but  the  mere 
outskirts  of  that  boundless  empire  which  stretches 
out  on  every  hand  toward  infinity.  It  is  not  un- 
reasonable to  believe  that  the  number  of  magnifi- 
cent bodies  imperceptible  to  our  organs  of  vision 
may  far  exceed  all  that  we  have  hitherto  discover- 
ed either  by  the  naked  eye  or  the  telescope,  even 
within  the  compass  of  that  region  which  lies  open 
to  human  inspection. 

It  has  been  remarked  by  La  Place,  that  "  a  lu- 
minous star  of  the  same  density  as  the  earth,  and 
whose  diameter  should  be  two  hundred  and  fifty 
times  larger  than  that  of  the  sun,  would  not,  in 
consequence  of  its  attraction,  allow  any  of  its 
rays  to  arrive  at  us."  "A  star  which,  without 
being  of  this  magnitude,  should  yet  considerably 
surpass  the  sun,  would  perceptibly  weaken  the 
velocity  of  its  light,  and  thus  augment  the  extent 
of  its  abberration."  It  is  therefore  possible  that 
the  largest  luminous  bodies  in  the  universe,  if  their 
internal  structure  be  composed  of  dense  materials, 
would  be  invisible  to  us,  in  consequence  of  their 
great  attractive  power  preventing  their  light  from 
reaching  the  system  to  which  we  belong.  In 
Cliapter  XII,  I  have  given  a  brief  view  of  the 
Ideas  entertained  by  Lambert  respecting  the  ar- 
rangement of  the  universe  into  distinct  systems 
of  stars  which  have  a  more  immediate  connection 
with  one  another  in  consequence  of  the  law  of 
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mutual  gravitation,  and  whose  views  have  been 
partly  confirmed  by  the  discoveries  of  Herschel. 
Tills  illustrious  mathematician  and  astronomer 
endeavors  to  prove,  by  an  induction  of  facts  and 
reasonings,  tliut,  in  order  to  the  stability  of  those 
systems,  it  is  necessary,  on  the  principles  of  uni- 
versal gravitation,  that  there  be  a  large  central 
body,  around  which  all  the  individuals  which 
compose  the  system  revolve.  There  is  no  neces- 
sity that  such  a  central  body  should  possess  origi- 
nal or  underived  light.  Tlie  fixed  stats  do  not 
stand  in  need  of  it ;  and  as  for  itself,  if  it  require 
illumination,  it  will  receive  it  from  the  suns  that 
are  more  immediately  adjacent.  As  to  the  mag- 
nitude of  such  a  center,  Lambert  estimates  that 
the  central  body  of  the  system  to  which  we  be- 
long must  have  a  diameter  at  least  equal  to  tha 
whole  circumference  of  the  orbit  of  Saturn.  "  The 
magnitude  of  those  bodies,"  he  says,  "ought  not 
to  alarm  us,  for,  in  the  first  place,  we  have  nothing 
to  do  with  their  bulk,  but  with  their  density  or 
quantity  of  matter  by  which  the  law  of  gravita- 
tion is  regulated.  We  have  no  idea  of  the  density 
of  matter  that  is  not  porous ;  perhaps  gold,  the 
most  dense  of  terrestrial  substances,  would  be 
found  a  mere  sponge  compared  with  such  a  cen- 
tral body.  Beside,  nothing  is  great  or  small  in  im- 
mensity; and  since  on  the  wing  of  light  we  can  tra- 
verse the  vast  regions  of  the  heavens,  matter  and 
volumes  ought  no  longer  to  excite  our  astonishment. 
Beginning  with  the  satellites,  even  suns  are  but 
bodies  of  the  first  magnitude;  the  centers  of  the 
fixed  stars,  of  the  fourth;  those  of  groups  of  sys- 
tems, of  the  fifth,  and  so  of  the  rest." 

Lambert  supposes  that  since  such  bodies  must 
be  of  enormous  bulk,  and  illuminated  beside  by 
one  or  more  fixed  stars,  it  might  be  possible  to 
perceive  the  one  which  belongs  to  our  own  sys- 
tem, either  in  whole  or  in  part,  with  the  help  of 
the  telescope;  that  its  apparent  diameter  may  be 
very  considerable;  that,  however  weak  its  reflect- 
ed light,  it  may  not  be  enfeebled  to  such  a  degree 
as  to  be  rendered  imperceptible;  that,  being  en- 
lightened by  one  or  more  suns,  it  ought  to  present 
phases  analogous  to  those  o''  the  moon;  that  such 
a  central  body  ought  to  extend  its  influence  even 
to  the  extremities  of  its  system,  and  consequently 
ought  to  appear  under  a  sensible  diameter,  or  at 
least  be  visible  by  the  telescope;  and  that  as  the 
attractive  force  of  a  body  decreases  as  the  square 
of  the  sine  of  its  apparent  semidiameter,  so  thia 
apparent  semidiameter  cannot  be  invisible  in  any 
place  to  which  its  attractive  force  and  its  sphere 
of  activity  extend.  Without  sanctioning  all  the 
opinions  which  this  ingenious  mathematician  has 
thrown  out  on  this  point,  we  may  admit  that  the 
subject  is  worthy  of  special  attention,  and  might 
be  kept  in  view  whetv  we  are  exploring  the  hea- 
vens with  our  best  telescopes.  What  if  some  of 
the  planetary  nebulae  be  bodies  of  a  nature  similar 
to  those  to  which  we  have  now  alluded? 

If  opaque  globes  of  a  prodigious  size  exist 
throughout  the  regions  of  the  firmament,  as  there 


NOVEMBER  METEORS. 


S9 


is  reason  to  believe,  they  would  afford  us  a  clue  for 
unraveling  certain  phenomena  which  have  hith- 
erto remained  in  some  degree  inexplicable.  Stars 
have  appeared  all  at  once,  and,  after  having  shone 
for  a  year  or  more  with  a  brilliant  light,  have 
gradually  disappeared.  Certain  stars  are  found  to 
pass  through  regular  variations  of  luster,  and  for 
a  certain  period  entirely  disappear,  but  after  a 
lapse  of  a  certain  number  of  months  or  days  re- 
appear, and  resume  their  former  brightness.  On 
the  supposition  that  opaque  bodies  exist  nearly  in 
the  direction  of  such  stars,  some  of  these  ph.eno- 
mena  would  admit  of  an  easy  explanation.  Their 
appearing  and  disappearing  might  be  nothing 
more  than  an  occultation  or  an  eclipse,  caused 
by  the  interposition  of  the  opaque  globe  between 
our  eye  and  the  star.  This  would,  indeed,  sup- 
pose mution  to  exist  either  in  the  opaque  body,  or 
in  the  star,  or  in  the  eye  of  ihe  observer;  and  per- 
haps the  annual  motion  of  the  earth,  ortlie  motion 
of  the  sun  in  absolute  space,  might  contribute,  in 
a  certain  degree,  to  produce  the  efTect.  Motion, 
of  some  kind  or  other,  must  necessarily  be  sup- 
posed, in  order  to  account  for  the  phenomena  of 
variable  stars,  whatever  hypothesis  we  may  adopt 
for  their  explanation;  but  as  nothir.g  decisive  can 
be  stated  on  this  subject,  in  the  meantime  I 
shall  proceed  to  the  consideration  of  some  me- 
teoric phenomena  which  are  now  supposed  to 
have  a  connection  with  certain  moving  bodies  in 
the  heavens. 

METEORIC    PHENOMENA   AND    SHOOTING    STARS. 

In  my  volume  entitled  "  Celestial  Scenery," 
when  describing  the  small  planets  Vesta,  Juno, 
Ceres,  and  Pallas,  I  have  given  a  detail  of  certain 
facts  respecting  the  fall  of  large  masses  of  solid 
matter  from  the  higher  regions  of  the  atmosphere, 
usually  denominated  meteoric  stones,  which,  there 
is  every  reason  to  believe,  descend  from  regions 
at  a  considerable  distance,  and  even  beyond  the 
sphere  of  the  moon.  Such  phenomena  seem  to 
indicate  the  probability  that  certain  opaque  bodies, 
of  different  dimensions,  are  revolving  through 
space  in  certain  regions  within  the  limits  of  our 
system.  "  Nor  is  this,"  says  Mrs.  Somerville, 
"an  unwarranted  presumption;  many  sucn  do 
come  within  the  sphere  of  the  earth's  attraction, 
are  ignited,  by  the  velocity  with  which  they  pass 
tlirough  the  atmosphere,  and  are  ])recipitated  with 
great  violence,  upon  the  earth.  The  fall  of  mete- 
oric stones  is  much  more  frequent  than  is  gener- 
ally believed.  Hardly  a  year  passes  without  some 
instances  occurring;  and  if  it  be  considered  that 
only  a  small  part  of  the  earth  is  inhabited,  it  may 
be  presumed  that  numbers  fall  in  the  ocean,  or  on 
the  uninhabited  part  of  the  land,  unseen  by  man. 
They  are  sometimes  of  gi'eat  magnitude;  the  vol- 
ume of  several  lias  exceeded  that  of  a  iiody  of 
seventy  miles  in  diameter.  One  which  passed 
within  twenty-five  miles  of  us  was  estimated  to 
weigh  about  (iOO.OUO  tons,  and  to  move  with  a 
velocity  of  about  twenty  miles  in  a  second,  a  frag- 
ment of  it  alone  reached  the  earth.  The  obliqui- 
ty »f  the  descent  of  meteorites,  the  peculiar  sub- 
stances they  are  composed  of,  and  the  explosion 
accompanying  their  fall,  show  that  they  are  for- 
eign to  our  system." 

But,  without  resuming  the  consideration  of  this 

{mrticular  phenomenon,  there  is  another  which  of 
ate  years  has  excited  a  considerable  degree  of  at- 
tention; and  which  may  proceed  from  a  cause 
somewhat  similar,  to  which  I  shall  chiefly  direct 
the  attention  of  the  reader — namely,  the  pheno- 
lioa  of  stiooting  or  falling  stars.     This  phenome- 


non, though  most  frequently  observed  in  tropical 
regions,  is  common  in  all  parts  of  the  earth,  and 
has  been  seen  in  almost  every  season  of  the  year. 
A  shooting  star  seems  to  burst  from  a  clear  sky, 
and  to  dart  across  the  heavens  with  a  long  traiu 
of  light,  which  in  a  few  seconds  leaves  no  trace 
behind.  Dr.  Burney,  of  Gosport,  for  several  years 
kept  a  record  of  such  of  these  bodies  as  came  under 
his  own  observation,  and  found  that  in  the  year 
1819  there  were  l;21,and  in  1820  about  131;  but  a 
much  greater  number  than  these  would  doubtless 
he  perceived  could  we  detect  all  that  make  their 
appearance  in  the  sky,  the  greater  proportion,  in 
all  probability,  being  visible  only  during  the  hours 
usually  allotted  to  sleep.  Various  opinions  have 
been  entertained  respecting  the  cause  of  these  ap- 
pearances. Beccaria  was  of  opinion  they  were 
occasioned  by  electricity,  and  brought  forward  the 
following  facts  as  corroborative  of  his  hypothesis  : 
— About  an  hour  after  sunset,  he  and  some  friends 
that  were  with  him  observed  a  falling  star  direct- 
ing its  course  directly  toward  them  and  apparently 
growing  larger  and  larger,  but  just  before  it 
reached  them  it  disappeared.  On  vanishing, 
their  faces,  hands,  and  clothes,  with  the  earth  and 
all  the  neighboring  objects,  became  suddenly  illu- 
minated with  a  diffused  and  lambent  light.  Du- 
ring their  surprise  at  this  appearance,  a  servant 
informed  them  that  he  had  seen  a  light  shine  sud- 
denly in  the  garden,  and  especially  upon  the  streams 
that  he  had  been  throwing  to  water  it;  when, 
sending  up  an  electrical  kite  into  the  atmosphere, 
he  likewise  observed  a  quantity  of  electric  matter 
about  the  kite,  which  assumed  the  appearance  of 
a  falling  star.  Whatever  be  the  cause  of  shoot- 
ing stars,  it  is  pretty  evident  that  they  have  their 
origin  at  a  very  considerable  elevation  above  the 
earth.  Brydone  informs  us  that,  from  the  top  of 
Mount  Etna,  he  noticed  some  of  these  meteors, 
"which  still  appeared  to  be  as  mucli  elevated 
above  us  as  when  seen  from  the  plain;  so  that  in 
all  probability  those  bodies  move  in  regions  much 
beyond  the  bounds  which  some  philosophers  have 
assijrned  to  our  atmosphere." 

The  most  striking  and  remarkable  form  in 
which  shooting  stars  have  appeared  is  that  of 
"  meteoric  showers,"  when  thousands  of  those 
bodies  have  appeared  to  sweep  along  at  once,  and 
in  continued  succession  for  several  houis,  so  that 
almost  the  whole  visible  canopy  of  the  sky  seemed 
to  be  in  a  blaze.  As  this  phenomenon  has  recently 
excited  considerable  attention  among  philosophers, 
and  as  it  is  now  generally  considered  as  connected 
with  some  moving  bodies  in  the  heavens,  I  shall, 
in  the  first  place,  give  a  detail  of  some  of  the 
more  remarkable  circumstances  with  which  it  has 
been  attended,  as  described  by  those  who  were 
eye-witnesses  of  the  scene.  One  of  the  most  re- 
markable displays  of  the  phenomena  to  which  we 
allude  is  that  whicli  was  seen  on  the  evening  of 
the  12th  and  the  morning  of  the  13th  of  Novem- 
ber, 1833,  in  the  United  States  of  America.  The 
following  account  of  it  is  abridged  from  the  New 
York  Commercial  Advertiser  of  November  13, 
1833  : 

"  Tile  sky  was  remarkably  clear  on  the  night 
of  this  remarkable  phenomenon.  Some  time  be- 
fore twelve  o'clock,  the  meteors  so  frequently 
seen  on  summer  evenings,  called  shooling  stars, 
were  observed  to  fall  with  unusual  frequency  and 
splendor.  They  continued  from  that  hour  to  flash 
athwart  the  skies  more  and  more,  until  they  were 
eclipsed  by  the  glories  of  the  rising  sun  this  morn- 
ing. From  four  to  six  they  were  most  numerom 
and  refulgent.  Withiu  the  scope  that  the  eye 
could  contain,  more  tlian  twenty  could  be  seen  at 
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a  time  sliooting  (save  n))war(l)  in  every  direction. 
Not  a  cloud  obscured  the  broad  expanse,  and  mil- 
lions of  meteors  sped  their  way  across  it  on  every 
point  of  the  coni;)ass.  Were  it  possible  to  enu- 
merate them  in  the  swiftness  of  tlicir  arrowy  haste, 
we  might  venture  to  say  tiiat  for  the  space  of  two 
hours,  intervening  l)etween  four  and  six,  more 
than  a  thousand  per  minute  might  have  been 
counted.  Their  coruscations  were  briglit,  gleamy, 
and  incessant,  and  they  fi41  thick  as  the  flakes  in 
the  early  snows  of  December.  In  one  instance 
we  distinctly  heard  the  explo.sion  of  a  meteor  that 
shot  acro.'is  to  the  north-west,  leaving  a  broad  and 
luminous  track;  and  witnessed  another  wliich  left 
a  path  of  light  that  was  clearly  discernible  for 
more  than  ton  minutes  after  the  ball,  if  such  it  be, 
had  exploded.  Its  length  was  gradually  shortened, 
widening  in  the  center,  and  apparentlj'  consisted 
of  separate  and  distinct  globules  of  light,  drawn 
around  a  common  center,  glimmering  less  and 
less  vividly  until  they  finally  faded  in  the  distance. 
Compared  with  the  splendor  of  this  celestial  ex- 
hibition, the  most  brilliant  rockets  and  fireworks 
of  art  bore  less  relation  than  the  twinkling  of  the 
most  tiny  star  to  the  broad  glare  of  the  sun.  The 
whole  heavens  seemed  in  motion,  and  never  be- 
fore has  it  fallen  to  our  lot  to  observe  a  phenome- 
non so  magnificent  and  sublime." 

Various  similar  accounts  of  the  same  phenom- 
ena were  given  in  the  Philadelphia,  Hartford,  Bos- 
ton, and  other  newspapers  of  the  same  date,  of 
which  the  following  are  extracts: 

"  From  a  point  iu  the  heavens,  about  fifteen  de- 
grees south-easterly  from  our  zenith,  the  meteors 
darted  to  the  horizon  in  everj^  point  of  the  com- 
pass. Their  paths  yvere  described  in  curve  lines 
similar  to  those  of  the  circles  of  longitude  on  an 
artificial  globe.  They  were  generally  short  in 
their  course,  resembling  much  an  interrupted  line, 
thus .  They  ceased  to  ap- 
pear when  within  ten  degrees  of  the  horizon.  I 
did  not  see  a  single  meteor  pass  the  meteoric  pole 
I  have  described,  nor  one  pass  in  a  horizontal  di- 
rection. Several  of  them  afforded  as  much  light 
as  faint  lightning.  One  in  the  north-east  was 
heard  to  explode  with  a  sound  like  that  of  the  rush 
of  the  distant  sky-rocket.  Millions  of  these  me- 
teors must  have  been  darted  in  this  shower.  The 
singularity  of  this  meteoric  shower  consisted  in 
the  countless  number  of  the  celestial  rockets,  and 
more  especially  in  their  constant  uniform  diverg- 
ence from  near  the  zenith." 

The  following  was  an  account  sent  by  Profes- 
sor Thomson,  of  Nashville,  to  Professor  Olmsted, 
of  New  Haven,  of  the  meteors  which  appeared 
November  13,  1833,  as  seen  in  the  State  of  Mis- 
sissippi : — -"About  an  hour  before  daylight  I  was 
called  to  see  the  falling  meleors  ;  it  was  the  most 
sublime  and  brilliant  sight  I  had  ever  witnessed. 
The  largest  of  the  falling  bo  iies  appeared  about 
the  size  of  Jupiter  or  Venus  when  brightest.  The 
sky  presented  the  appearance  of  a  shower  of  stars, 
which  many  thought  were  real  stars  and  omens  of 
dreadful  events.  I  noticed  the  appearance  of  a 
radiating  point,  which  I  conceived  to  be  the  van- 
ishing point  of  straight  lines  as  seen  in  perspeclive. 
This  point  appeared  to  be  statinnary.  The  meteors 
fell  to  the  earth  at  an  angle  of  about  seventy-five 
degrees  with  the  horizon,  moving  from  the  east 
toward  the  west."  The  following  is  from  a  wri- 
ter in  the  Boston  Christian  Register: — "  My  first 
attention  was  to  determine  the  center  or  point  from 
which  the  meteors  started,  which,  from  the  |>Iace 
where  I  stood  (lat.  42°  45'  N.),  appeared  in  the 
Lion's  heart,  near  Regulus.  There  is  one  thing 
thai  I  have  not  seen  noticed  by  any  tliat  have 


written,  and  which  could  not  have  been  noticed 
by  me  had  I  not  kept  my  eye  on  the  center  or 
point  from  wiience  the  meteors  all  shot  forth  for 
a  considerable  time,  and  that  was  an  appearance 
of  a  star  less  at  first  than  the  stars  of  the  constel- 
lation by  which  it  was  surrounded,  but  it  would 
increase  until  it  was  much  larger  than  tlie  stars, 
then  totally  disappear  from  ten  to  fifteen  minutes, 
and  then  appear  again  ;  but  the  meteors  shot  forth 
in  greater  numbers  in  the  interval  between  the 
appearances  above-mentioned."* 

It  is  worthy  of  particular  notice,  that  the  point 
from  which  the  meteors  seemed  to  emanate  was 
observed,  by  th.ose  who  fixed  its  position  among 
the  stars,  to  be  in  the  constellation  Leo  ;  and,  ac- 
cording to  their  concurrent  testimony,  this  radiant 
point  was  stationary  among  the  stars  during  the 
whole  period  of  observation — that  is,  it  did  not 
move  along  with  the  earth  in  its  diurnal  revolu- 
tion eastward,  but  accompanied  the  stars  in  their 
apparent  progress  westward,  which  proves  the  ele- 
vation of  the  meteors  to  be  far  beyond  our  atmos- 
phere. The  following  cut  represents  the  appear- 
ance of  these  meteors  for  several  hours,  as  seen  at 

Fig.  76. 


Boston,  New  York,  Philadelphia,  and  other  places 
in  the  eastern  parts  of  the  United  States.  It  is 
copied  from  one  of  the  American  periodicals  pub- 
lished about  the  time  when  those  phenomena  ap- 
peared. 

Meteoric  phenomena  nearly  resembling  what 
has  been  now  described,  have  occurred  at  several 
former  periods.  One  remarkable  instance  of  what 
was  called  "showers  of  fire,"  occurred  over  eighty 
years  ago  in  South  America.  At  Quito,  so  many 
falling  stars  were  seen  above  the  volcano  of  Ga- 
yambo,  that  the  inhabitants  were  led  to  imagine 
the  mountain  to  be  in  flames.  The  people  assem- 
bled in  the  plain  of  Exico,  and  a  procession  was 
about  to  set  out  in  consequence  from  the  convent 
of  St.  Francis,  when  they  discovered  the  phenom- 
enon to  be  occasioned  by  meteors  which  ran  along 
the  skies  in  all  directions. 

A  more  extensive  and  remarkable  phenomenon 
of  this  kind  occurred  in  the  night  of  the  12th  of 
November,  1779.  Of  this  appearance,  as  it  was 
seen  at  Cumana,  an  accurate  account  has  been 
given  by  M.  Humboldt  and  M.  Bonpland.  It  oc- 
curred toward  the  morning,  when  thousands  of 
meteors,  eolides,  fire-balls,  or  falling  stars,  as  they 
were  variously  denominated,  succeeded  each  other 
during  four  hours.  Their  direction  was  from 
north  to  south.  They  rose  in  tiie  horizon  at  east- 
north-east,  followed  the  direction  of  the  meridian, 
and  fell  toward  the  south.  There  was  little  wind, 
and  this  from  the  east.  No  trace  of  clouds  waa 
seen.     There  was  not  a  space  in  the  firmament 


*  This  astonishing  exhibition  covered  a  very  considerable 
part  of  the  earth's  surface.  It  has  been  traced  trom  tlje 
lonjitude  of  t)l°  in  the  Atlantic  Oce:in  to  100^  in  Central 
Mexico,  and  from  the  North  American  lakes  t«»  the  West 
Indies. 
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equal  in  extent  to  three  diameters  of  the  moon 
which  was  not  filled  with  burning  stars.  They 
were  of  different  sizes  ;  they  left  luminous  traces 
of  from  five  to  ten  drgrees  in  length.  The  ap- 
pearance of  these  trices  continued  seven  or  eight 
seconds.  Many  of  the  stars  had  a  distinct  nucleus 
as  large  as  the  apparent  disc  of  Jupiter.  The 
largest  were  from  1°  to  1°  13'  in  diameter.  Their 
light  was  white,  and  tliey  seemed  to  burst  as  by 
explosion.  They  were  seen  by  all  the  inhabitants 
of  Cumana,  the  oldest  of  whom  asserted  that  the 
great  earthquakes  of  1766  were  preceded  by  simi- 
lar phenomena. 

It  is  a  circumstance  worthy  of  particular  no- 
tice, that  these  meteoric  showers  have  taken  place 
chiefly  on  the  12th  and  I'ith  of  November,  and 
hence  they  are  now  distinguished  by  the  name  of 
the  November  Meteors.  Captain  Hammond  gives 
the  following  account  of  shooting  stars  seen  at 
Mocha,  on  the  R.ed  fc^ea,  November  13th,  1832,  the 
day  and  month  on  which  they  have  most  general- 
ly been  seen: — "  From  one  o'clock,  A.  M.,  until 
after  daylight,  there  was  a  very  unusual  phenom- 
enon in  the  heavens.  It  appeared  like  meteors 
bursting  in  every  direction.  The  sky  at  the  time 
was  clear,  the  stars  and  moon  bright,  with  streaks 
of  light  and  thin  white  clouds  interspersed  in  the 
sky.  On  landing  in  the  morning,  I  inquired  of 
tJie  Arabs  if  they  had  noticed  the  above.  They 
Baid  they  had  been  observing  it  most  of  the  night. 
I  asked  them  if  ever  the  like  had  appeared  before? 
The  oldest  of  them  replied  that  it  had  not." 

On  the  morning  of  the  12th  of  November,  1799, 
a  remarkable  phenomenon  of  this  kind  was  seen 
by  Mr.  Ellicot,  near  Cape  Florida,  which  he  thus 
describes: — "The  phenomenon  was  grand  and 
awful  ;  the  whole  heavens  appeared  as  if  illumi- 
nated with  sky-rockets,  which  disappeared  only 
with  the  light  of  the  sun  after  daybreak.  The 
meteors,  which  at  any  one  instant  of  time  appeared 
as  ijumerous  as  the  stars,  flew  in  all  possible  direc- 
tions, except /roj/t  the  earth,  toward  which  they  all 
inclined  more  or  less,  and  some  of  them  descended 
perpendicularly  over  the  vessel  we  were  in,  so 
that  we  were  in  constant  dread  of  their  falling  on 
us."  The  same  appearances  were  observed  on 
the  same  night  at  Santa  Fe,  Cumana,  Quito,  and 
Peru,  in  South  America,  as  far  north  as  Labrador 
and  Greenland,  and  as  far  east  as  Weimar  in 
Germany;  thus  having  been  visible  over  an  ex- 
tent on  the  globe  of  64°  in  latitude,  and  94°  of 
longitude.  Meteoric  showers  were  also  seen  on 
tlie  morning  of  the  Kith  of  November,  1831,  in 
the  Ohio  country,  and  along  the  coast  of  Spain. 

Flights  of  shooting  stars,  more  or  less  numerous, 
have  been  seen  in  different  places,  both  in  Europe 
and  America,  at  the  same  period — namely,  the 
13tli  of  November,  in  the  years  1834,  1835,  1836, 
and  1837,  so  that  they  are  now  considered  as  a 
regular  periodical  phenomenon.  In  a  letter  I  re- 
ceived, in  1837,  from  Elijah  H.  Burritt,  Esq., 
A.M.,  a  scientific  gentleman  in  the  state  of  Con- 
necticut, and  a  correspondent  of  Professor  Olm- 
sted, he  has  the  following  notice  on  the  subject: 
"  With  respect  to  the  shooting  stars,  I  believe. 
Professor  Olmsted  is  now  very  strong  in  the  be- 
lief that  tiiey  are  exactly  periodical  and  annual. 
The  recurrence  of  this  singular  phenomenon  on 
the  rnorniug  of  the  13th  of  November,  1836,  and 
very  nearly  at  the  same  hour, — the  radiation  of 
tlie  'meteors  from  the  same  point  of  the  heavens, 
differing  only  one  half  a  degree  (as  did  those  of 
1834),  namely  145°  right  ascension  in  the  face 
of  Leo,  and  all  the  attending  phenomena  being 
the  same,  though  upon  a  scale  less  magnificent, — 
settle  the  question  as  to  its  being  a  regular  and 


annual  phenomenon.  According  to  his  notion, 
the  zodiacal  light  is  an  attribute  of  the  same 
cause,  or  an  emanation  from  the  same  radiant 
Accordingly,  my  friend  Dr.  Olmsted  was  fortu- 
nate enough  to  see  just  so  much  of  the  zodiacal 
light  last  May  as  to  enable  him  to  identify  it 
with  the  phenomena  of  November,  1834,  except 
that  it  was  in  the  other  node." 

One  of  the  most  remarkable  circumstances 
attending  this  display,  in  1833,  was,  that  the  me- 
teors all  seemed  to  emanate  from  one  and  the 
same  point,  a  little  south-east  of  the  zenith.  Fol- 
lowing the  arch  of  the  sky,  they  ran  along  with 
immense  velocity,  describing  in  some  instances 
an  arc  of  30°  or  40°  in  a  few  seconds.  On  an 
attentive  inspection,  it  was  seen  that  the  meteors 
exhibited  three  distinct  varieties;  the  first  consist- 
ing of  phosphoric  lines,  apparently  described  by  a 
point;  the  second,  of  large  fire-balls  that  at  inter- 
vals darted  along  the  sky,  leaving  luminous  trains 
which  Occasional!)'  remained  in  view  for  a  num- 
ber of  minutes,  and  in  some  cases  for  half  an 
hour  or  more  ;  the  third,  of  undefined  luminous 
bodies,  which  remained  nearly  stationary  in  the 
heavens  for  a  considerable  time.  Those  of  the 
first  variety  were  the  most  numerous,  and  re- 
sembled a  shower  of  fiery  snow  driven  with  in- 
conceivable velocity.  The  second  kind  appeared 
more  like  falling  stars, — a  spectacle  vi'hich  v/aa 
contemplated  by  certain  beholders  with  great 
amazement  and  terror.  They  were  sometimes  of 
enormous  size.  One  of  them  seen  in  North  Ca- 
rolina appeared  larger  than  the  full  moon  rising, 
and  its  light  rendered  even  small  objects  visible. 
The  same  ball,  or  a  similar  one,  seen  at  New  Ha- 
ven, passed  oft'  in  a  north-west  direction  and  ex- 
ploded a  little  northward  of  the  star  Capella,  leav- 
ing a  train  of  peculiar  beauty.  The  line  of  di- 
rection was  at  first  nearly  straight,  but  it  soon 
began  to  contract  in  length,  to  dilate  in  breadth, 
and  to  assume  the  figure  of  a^  serpent  scrolling 
itself  up  until  it  appeared  like  a  luminous  cloud 
of  vapor  floating  gracefully  in  the  air,  where  it 
remained  in  full  view  for  several  minutes.  Of 
the  third  variety,  the  following  are  examples: — 
At  Poland,  State  of  Ohio,  a  luminous  body  was 
distinctly  visible  in  the  north-east  for  more  than 
an  hour.  It  was  very  brilliant,  in  the  form  of  a 
pruning  hook,  and  apparently  twenty  feet  long 
and  eighteen  inches  broad.  It  gradually  settled 
toward  the  horizon  until  it  disappeared.  At  Ni- 
agara Falls,  a  large  luminous  body,  shaped  like  a 
square  table,  was  seen  near  the  zenith,  remaining 
for  some  time  almost  stationary,  emitting  large 
streams  of  light. 

The  recurrence  of  this  wonderful  phenomenon 
at  the  same  season  of  the  year  soon  attracted  the 
attention  of  the  philosophers  of  Europe,  and  they 
resolved  to  watch  more  particularly  the  aspect  of 
the  nocturnal  heavens  in  the  month  of  November. 
The  celebrated  M.  Arago  made  arrangements  to 
procure  simultaneous  observations  from  the  dif- 
ferent parts  of  France,  for  the  night  between  the 
12th  and  I3th  of  November,  1836.  The  follow- 
ing is  the  substance  of  the  report  which  was 
published  of  these  observations.  The  places  at 
which  observations  were  made,  and  the  number 
of  meteors  counted,  were  as  follows: 

Paris,  at  the  observatory 170 

Dieppe,  100  miles  north-west  of  Paris    36 

Arras,  100  miles  north  of  Paris 27 

Strasburg,  250  miles  east  of  Paris   85 

Von  Altemare,  260  miles  south-east  of  Paris. .   73 

Angou,  180  miles  south-west  of  Paris 49 

Rochefort,  260  miles  south-south-west  of  Paris  23 
Havre,  120  miles  west  of  Paris 300 
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Beside  these  positive  observations,  information 
Was  received  of  eimilar  phenomena  having  been 
observed  at  other  places.  In  the  neighborhood 
of  Tours,  for  example,  the  peasants  declared  they 
had  seen  a  rain  of  fire  during  the  niglit ;  and  in 
the  valley  of  the  Rhone,  near  CuUoy,  three  aste- 
roids succeeded  each  other  with  such  rapidity 
that  the  people,  seeing  them  through  a  fog,  sup- 
posed ihora  to  be  flashes  of  lightning,  or  a  lepeti- 
tion  of  the  brilliant  aurora  of  the  Iblh  of  October. 
As  in  the  great  meteoric  shower  of  ISG.*],  so  at 
this  time,  the  greater  part  of  the  falling  stars 
which  were  particularly  observed,  seemed  to  issue 
from  a  point  in  the  constellation  of  Leo.  Of 
those  noticed  at  Bercy,  fifty  seven  traversed  lines 
which,  if  continued,  would  have  ended  in  that 
constellation;  and  of  eighty-five  observed  atStras- 
burg,  fifty-seven  had  similar  courses.  M.  Arago 
purposes  an  inquiry,  whether,  from  tlieir  number, 
this  shower  of  falling  stars  may  or  may  not  be  con- 
sidered unusual;  and  he  gives  the  following  com- 
parisons: At  Paris,  on  the  preceding  night,  none 
were  seen,  during  an  hour;  from  three  to  five 
were  seen  in  tlie  same  space  of  time  on  the 
night  after  the  shower,  and  from  two  to  three  on 
the  second  night.  On  the  preceding  night,  at 
Bercy,  not  one  was  seen  in  two  hours.  At  Von 
Altemare,  on  the  6th  of  November,  none  were 
seen  duringtwo  hours'  watching;  on  the  7th,  there 
ware  four  in  four  hours;  on  the  8th,  none  in 
three  hours;  on  the  9th,  one  in  six  hours;  and 
on  the  14th,  two  in  six  hours. 

I  l|ave  been  somewhat  particular  in  stating  the 
more  remarkable  circumstances  connected  with 
this  phenomenon,  as  there  is  every  reason  to  be- 
lieve that  it  is  produced  by  an  unknown  celestial 
body  at  a  considerable  distance  from  the  earth  ; 
and  I  shall  now  proceed  to  give  a  brief  view  of 
the  opinions  which  certain  philosophers  enter- 
tain, and  the  deductions  they  have  been  led  to 
make  ia  reference  to  this  subject. 

In  the  "American  Journal  of  Science"  for 
April,  1834,  Dr.  Olmsted,  professor  of  mathema- 
tics and  natural  philosophy  in  Yale  College,  New 
Haven,  has  entered  into  an  elaborate  investiga- 
tion of  this  subject  in  a  communication  wliich 
occupies  about  forty-two  pages.  The  whole  of 
this  paper  is  well  worthy  of  the  attentive  perusal 
of  the  philosophic  inquirer,  but  the  limits  to 
which  I  am  necessarily  confined  in  this  chapter 
will  permit  me  to  state  only  the  general  results  of 
the  professor's  investigations;  all  of  which  appear 
to  be  deduced  from  the  phenomena  with  great 
acuteness  and  ingenuity  of  reasoning.  These 
results  are  : 

1.  That  the  meteors  of  November  13  liad  their 
origin  beyond  the  limits  of  our  atmosphere.  For  the 
source  of  the  meteors  did  not  partake  of  the 
earth's  motion,  which  was  demonstrable  from  a 
variety  of  circumstances,  some  of  which  have  been 
alluded  to  above. 

2.  That  the  hight  of  the  place  whence  the  meteors 
emanated,  above  the  surface  of  the  earth  was 
about  2238  miles.  Tliis  was  ascertained  from  a 
comparison  of  different  observations  made  in  dif- 
ferent places,  and  from  trigonometrical  calcula- 
tions founded  upon  them. 

3.  The  meteors  fell  toivard  the  earth  being  at- 
tracted to  it  by  the  force  of  gravit]).  It  seemed 
unnecessary  to  assign  any  other  cause,  since 
gravity  is  adequate  to  produce  the  effect. 

4.  They  fell  toward  the  earth  in  straight  lines,  and 
tn  directions  which,  within  considerable  distances, 
teere  nearly  parallel  with  each  other.  The  courses 
are  inferred  to  have  been  straight  lines,  because 
no  others  could  have  appeared  to  spectators  in 


different   situations   to    have   described    arcs  oi 
great  circles. 

5.  They  entered  the  earth's  atmosphere  with 
velocity  equal  to  about  four  miles  per  second,  o 
more  than  ten  times  greater  than  tlie  maximum 
velocity  of  a  cannon  ball,  and  about  nineteen 
times  that  of  sound.  This  was  inferred  from 
the  laws  of  falling  bodies. 

G.  The  meteors  consisted  of  combustible  mntter 
and  took  fire  and  were  consumed  in  iraxersing  the 
atmosphere.  They  were  seen  glowing  with  in- 
tense light  and  heat,  increasing  in  size  and  splen- 
dor as  they  approached  the  earth.  Tiiey  were 
seen  extinguished  in  a  manner  in  all  respects 
resembling  a  combustible  body  like  a  sky-rocket; 
and  in  the  case  of  the  larger,  a  cloud  of  luminous 
vapor  was  seen  as  the  product  of  combustion. 
That  they  took  fire  in  the  atmosphere  is  inferred 
from  the  fact  that  they  were  not  luminous  in 
their  original  situation  in  space,  otherwise  the 
body  from  whicli  they  emanated  would  have  been 
visible. 

7.  Some  of  tlie  larger  meteors  musthave  been  bodies 
of  great  size.  Some  of  them  appeared  larger  than 
the  full  moon  rising.  Such  a  body  seen  at  110 
miles  distance  behooved  to  have  been  one  mile  in 
diameter;  at  fifty-five  miles,  one  half  mile;  at  22 
miles,  one-fifth  of  a  mile;  at  5j.^  miles,  one  twen- 
tieth of  a  mile,  or  264  feet. 

8.  The  meteors  were  constituted  of  light  and 
transparent  materials.  They  were  of  liglit  mate- 
rials, otiierwise  their  momentum  would  have  been 
sufficient  to  enable  them  to  make  their  way  through 
the  atmosphere  to  the  surface  of  the  earth.  They 
were  transparent  bodies,  otherwise  we  cannot 
conceive  how  they  could  have  existed  together  in 
their  original  state  without  being  visible  by  re- 
flected light. 

9.  The  next,  and  one  of  the  principal  subjects 
of  inquiry  was,  Wfiat  relations  did  the  body  which 
afforded  the  meteoric  shower  sustain  to  the  earth? — 
Was  it  of  the  nature  of  a  satellite  that  revolves 
round  the  earth  as  its  center  of  motion?  Was  it 
a  collection  of  nebulous  matter  which  the  earth 
encountered  in  its  annual  motion?  or  was  it  a 
comet  which  chanced  at  this  time  to  be  pursuing 
its  path  along  with  the  earth  around  their  com- 
mon center  of  motion?  It  could  not  have  been  a 
satellite,  because  it  remained  so  long  stationary 
with  respect  to  the  earth;  nor  was  it  a  nebula, 
either  stationary  or  wandering  lawless  through 
space.  Such  a  collection  of  matter  could  not  re- 
main stationary  within  the  solar  system;  and  had  it 
been  in  motion  in  any  other  direction  than  tliatin 
which  the  earth  was  moving,  it  would  soon  have 
been  separated  from  the  eartli,  since  during  the 
eight  hours  while  the  meteoric  shower  lasted,  the 
earth  moved  in  its  orbit  through  the  space  of 
540,000  miles.  The  conclusion  to  which  Profes- 
sor Olmsted  arrives,  after  a  due  consideration  of 
all  the  circumstances,  is  the  following  : 

That  the  meteors  of  November  X'ith  consiMed  of 
portions  of  the  extrejne  parts  of  a  nebulous  body, 
which  revolves  around  the  sun  in  an  orbit  interior 
to  that  of  the  earth,  but  Utile  inclined  to  the  plane  of 
the  ecliptic,  having  its  aphelion  near  to  tlie  earth's 
path,  and  having  a  periodic  time  of  182  days  nearly^ 

This  -conclusion,  the  professor  thinks,  will 
account  for  the  following,  among  other  circum- 
stances : — Why  the  phenomenon  remained  so 
long  stationary  with  respect  to  the  earth  ;  why  it 
was  seen  in  that  particular  part  of  the  heavens; 
and  why  it  returns  at  stated  periods,  having  ap- 
peared at  Mocha,  in  Arabia,  just  one  year  prece- 
ding, and  in  a  manner  very  similar  to  the  present, 
as  described  by  Humboldt  and  by  Eilicot  thiity- 
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our  years  before.  It  will  likewise  account  for 
an  auroral  light,  resembling  daybreak,  which  was 
Been  in  the  east  several  hours  before  the  dawn  of 
day,  and  it  is  also  supposed  it  may  account  for  the 
ditTerent  appearances  of  the  zodLical  light.  The 
professor  is  of  opinion  that  the  body  alluded  to  Js 
somewhat  analagous  to  that  of  a  comet.  Fig.  77 
represents  the  supposed  orbit  of  this  body  in  re- 
iabon  to  that  of  the  earth.  E  H  I  K  represents 
the  orbit  of  the  earth ;  S,  the  position  of  the 
Bun;  and  C  D  F  G,  the  supposed  orbit  of  the 
body  which  was  the  source  of  the  meteoric  phe- 
nomena. At  the  time  these  phenomena  were  seen, 
the  body  is  supposed  to  have  been  at  C  when  the 
earth  was  at  E. 

Fig.  77. 


Arago  appears  to  entertain  an  opinion  on  this 
subject  not  very  different  from  that  of  Dr.  Olm- 
sted. He  supposes  that  there  may  be  myriads  of 
bodies,  cimiposed  probably  of  nehidous  matter 
similar  to  the  tails  of  comets,  circulating  round 
tlie  sun  in  a  zone  or  ring  that  crosses  the  earth's 
orbit  at  that  part  where  it  is  about  the  12th  No- 
vember, and  that  some  of  them,  drawn  from  their 
course  by  the  earth's  attraction,  fall  toward  it, 
and  taking  fire  when  they  enter  the  atmosphere,  in 
consequence  of  their  prodigiously  rapid  motion, 
present  the  luminous  piienoniena  of  falling  stars. 
The  body  or  bodies  from  which  these  meteors 
proceed,  he  considers  as  unquestionably  in  rapid 
motion,  performing  a  revokition  round  the  sun  in 
some  plane  different  from  tliat  of  the  earth's  orbit; 
and  that  the  apparent  course  of  the  meteors  will 
be  compounded  of  this  proper  motion  and  of  the 
earth's  motion  in  its  oi-bit  at  the  time.  It  follows, 
that  the  point  from  which  they  seem  to  come  will 
be  that  toward  which  the  earth  is  moving  at  the 
time,  namely,  the  constellation  Leo  ;  for  the  line 
or  tangent  of  the  earth's  annual  motion  at  tiie 
I3th  and  14th  November  points  exactly  to  that 
constellation.* 


*  A  gentleman  in  Soutli  Carolina  thus  describes  the  eflect 
•f  the  phenomenon  of  lb33  upon  his  negroes :     "  I  was 


Thus  it  appears  that  celestial  bodies  are  revolv- 
ing around  us  of  which  we  formerly  had  no 
knowledge  or  conception.  A  new  planetary  sys- 
tem, within  the  limits  of  the  oki,  is  beginning  to 
be  revealed  to  us,  the  number  of  the  bodies  belong- 
ing to  which  may  be  much  greater  than  we  are 
yet  aware  of,  and  their  particular  properties  and 
motions  may  at  no  distant  period  be  detected  and 
explained.  This  is  one  proof,  among  otiiers,  that 
bodies  of  a  considerable  size  may  exist  in  the  hea- 
vens, and  be  prosecuting  their  courses  in  various 
directions,  though  they  have  never  been  detected 
hy  our  telescopes.  The  subject  is  peculiarly  in- 
teresting to  philosophers  and  astronomers.  The 
facts  which  have  already  been  observed  afford  a 
sensible  proof  of  the  attractive  power  of  the  earth 
over  bodies  at  a  distance  in  the  heavens;  and  it  is 
to  be  hoped  that  the  future  observations  and  in- 
vestigations of  scientific  men,  in  relation  to  such 
phenomena,  will  throw  some  further  light  on  the 
nature  and  properties  of  bodies  which  have  hith- 
erto been  involved  in  darkness  and  mystery. — 
What  the  destination  of  such  bodies  may  be,  or 
the  ends  they  serve  in  the  economy  of  nature,  we 
are  as  yet  entirely  ignorant  of.  It  appears  pretty 
evident  that  they  are  bodies  of  no  great  density, 
otherwise  their  effect  on  the  earth  might  have 
been  more  terrific  and  disastrous.  Had  their 
quantity  of  matter  been  considerable,  when  ac- 
companied with  so  prodigious  a  velocity  as  they 
evidently  had,  their  momentum  would  have  been 
such  as  to  have  dashed  tliem  with  violence  upon 
the  earth,  where  the  most  appalling  effects  might 
have  been  produced,  in  the  demolition  of  human 
habitations,  and  the  destruction  of  thousands  of 
their  inhabitants.  But  it  does  not  appear  that  any 
of  them  made  their  way  through  the  atmosphere 
to  the  surface  of  the  earth,  which  was  doubtless 
owing  to  the  comparatively  light  materials  of 
whicli  they  were  composed.  This  circumstance, 
along  with  many  otliers,  evidently  shows  that  we 
may  be  surrounded  with  numerous  bodies  and 
substances  impalpable  to  the  organ's  of  vision,  any 
one  of  which  might  be  sufficient  to  deprive  us  of 
our  comforts,  and  even  prove  destructive  to  our 
existence,  were  it  not  un^er  the  direction  and 
control  of  Infinite  Wisdom  and  Benevolence. 


sudilenly  awakened  by  the  most  distressing  cries  that  ever 
fell  on  my  ears.  Shrieks  of  horror  and  tries  of  mercy  I 
could  hear  from  most  of  the  negroes  on  three  plantations, 
amounting  in  all  to  about  six  or  eight  hundred.  While  ear- 
nestly listening  for  the  cause,  I  heard  a  faint  voice  near  the 
door  calling  my  name,  i  arose,  and  takingmy  sword,  stood 
at  the  door.  At  this  moment  1  heard  llie  same  voice  still  be- 
seeching me  to  rise,  and  saying,  'Uh,  my  God!  the  worhl  is  oti 
fire'.'  I  then  opened  the  door,  and  it  is  difficult  to  say  which 
excited  me  most — llie  awfulness  of  the  scene,  or  the  dis- 
tressed cries  of  t!ie  negroes.  U)>ward  of  one  hundred  lay 
prostrate  on  the  ground;  some  speechless,  and  some  utter- 
ing the  bitterest  cries,  but  most  with  their  hands  raised,  im- 
ploring (jod  to  save  the  world  and  them.  The  scene  was 
truly  awful;  for  never  did  r:iin  fall  much  thicker  than  the 
meteors  fell  toward  the  earth,  east,  west,  north  and  sou'h,  it 
was  the  samel" 
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ARGUMENTS  ILLUSTRATIVE  OF  THE  DOCTRINE  OF  A  PLURALITY  OF  WORLDS. 


Having  in  the  preceding  pages  exhibited  a  con- 
densed view  of  the  principal  facts  in  relation  to 
the  Sidereal  Heavens,  I  shall  now  inquire  into 
some  of  the  designs  which  the  Almighty  Creator 
appears  to  have  had  in  view  in  replenishing  his 
universe  with  such  an  inmiense  number  and  va- 
riety of  magnificent  orbs.  In  Chapter  IX,  of 
"Celestial  Scenery,"  I  entered  on  a  consideration 
of  this  subject,  and  illustrated  at  some  length  a 
few  leading  arguments,  which  tend  to  prove  that 
matter  was  created  chiefly  in  subserviency  to 
mind,  and  that  the  main  object  of  the  creation 
of  the  planets,  as  proved  from  all  the  decora- 
tions and  special  arrangements  connected  with 
them,  was  to  afford  habitations  for  numerous  or- 
ders of  sensitive  and  intellectual  beings.  With- 
out resuming  the  consideration  of  any  of  the 
arguments  there  staled,  I  shall  in  this  chapter 
offer  a  few  additional  arguments  corroborative  of 
the  same  position,  which,  taken  in  connection 
with  the  former,  will,  I  trust,  amount  to  a  moral 
demonstration  that  all  the  great  globes  in  the  uni- 
verse are  in  some  respect  or  another  connected 
with  intelligent  existence. 

I.  The  tirst  class  of  arguments  I  shall  illustrate 
is  the  following  : — That  the  doctrine  of  a  plurality 
of  worlds  is  more  wnrihy  of  the  perfections  of  the 
Infinite  Creator,  and  gioes  us  a  more  glorious  and 
magnificent  idea  of  his  character  and  operations 
than  to  suppcise  his  benevolent  regards  confined  to 
the  globe  on  which  wc  dwell. 

1.  The  doctrine  of  a  plurality  of  worlds  is  more 
accordant  with  the  idea  of  the  infinity  of  the  Divine 
Mind  than  any  other  position.  It  is  admitted  by 
all  rational  theists  and  theologians  that  the  Divine 
nature  tills  the  immensity  of  space,  and  we  con- 
sequently adore  the  Creator  as  an  infinite  and  in- 
comprehensible being.  But  we  can  have  no  ideas 
approximating  to  what  infinity  really  is,  unless 
by  the  prospects  opened  to  us  of  the  indefinite 
extension  of  material  existence.  Beyond  the 
limits  we  may  assign  to  the  material  world,  our 
ideas,  if  we  have  any  ideas  at  all,  run  into  confu- 
sion, and  approximate  to  inanity.  It  does  not 
comport  with  the  idea  of  a  Being  of  infinite  per- 
fection that  his  works  should  be  confined  to  one 
point  of  infinite  space,  or  that  one  comparatively 
small  race  of  intelligent  beings  should  l)e  the  sole 
object  of  the  moral  government  of  Him  whose 
presence  fills  the  regions  of  immensity.  It  is 
more  corresponding  to  the  conceptions  we  ought 
to  form  of  such  a  Being  that  the  immensity  of 
his  works  slionld  correspond,  in  some  degree,  to 
the  immensity  of  his  nature;  and,  so  far  as  our 
knowledge  and  observation  extend,  this  is  in  real- 
ity the  case.  Beyond  the  range  of  natural  vision, 
the  telescope  enables  us  to  descry  numerous  ob- 
jects of  amazing  magnitude;  and,  in  proportion 
to  the  excellence  of  the  instrument  and  the  pow- 
ers applied,  objects  still  more  remote  in  the  spaces 
of  immensity  are  unfolded  to  our  view,  leaving 
us  no  room  to  doubt  that  countless  globes  and 
masses  of  matter  lie  concealed  iu  the  still  remoter 
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regions  of  infinity,  far  bf'yond  the  utmost  stretch 
of  mortal  vision.  But  huge  masses  of  matter, 
however  numerous  and  widely  extended,  if  devoid 
of  intelligent  beings,  could  never  comport  with 
the  idea  of  happiness  being  coextensive  with  the 
range  of  the  Creator's  dominions.  Such  an  idea 
would  completely  obscure  the  luster  of  all  his 
other  attributes,  and  prevent  them  from  being 
known  and  appreciated  wherever  his  Omnipotence 
is  displayed.  To  consider  creation,  therefore,  in 
all  its  departments,  as  extending  throughout  re- 
gions of  space  illimitable  to  mortal  view,  and 
filled  with  intelligent  existence,  is  nothing  more 
than  what  comports  v/ith  the  idea  of  Him  who 
inhabiteth  immensity,  and  whose  perfections  are 
boundless  and  past  finding  out. 

2.  The  idea  of  the  indefinite  extension  of  the 
universe  and  a  plurality  of  worlds  is  most  accor- 
dant with  the  eierrtif;/ of  the  Divine  Mind.  When 
we  go  back  iii  imagination  to  ages  and  centuries 
of  duration  more  numerous  than  the  drops  of 
ocean  or  the  sands  on  the  sea-shore,  we  find  the 
Deity  existing  in  all  tire  plenitude  of  his  incom- 
municable attributes;  for  "He  inhabiteth  eter- 
nity," as  well  as  immensity.  There  is  nothing 
repugnant  cither  to  reason  or  revelation  to  sup- 
pose that,  innumerable  ages  before  our  globe  was 
arianged  into  its  present  slate,  many  regions  of 
infinite  space  were  replenished  with  material 
existence;  for  the  Scriptures  nowhere  assert  that 
the  materials  out  of  which  our  globe  was  arranged 
were  brought  from  nothing  into  existence  at  the 
period  when  Moses  commences  his  narrative  of 
the  processes  which  preceded  the  formation  of 
man.  Nor  have  we  any  reason  to  believe  that  the 
operations  of  Creating  Power  have  ceased  since 
the  structure  of  our  world  was  completed,  but 
have  some  evidences  of  the  contrary;  for  example, 
in  the  case  of  new  stars  which  have  made  their 
appearance  at  different  periods  since  the  time  of 
the  Mosaic  creation,  and  even  within  the  limits 
of  the  last  century.  It  does  not  appear  corres- 
ponding to  the  idea  of  an  Eternal  Being,  whose 
existence  can  never  terminate,  and  whose  perfec- 
tions are  the  same  at  all  periods  of  duration,  that 
everything  should  stand  still  in  the  universe,  and 
that  nothing  new  should  arise  into  existence 
during  the  lapse  of  infinite  duration,  which  would 
in  effect  be  the  case  if  the  work  of  •reation  were 
absolutely  finished,  or  if  maH  were  the  principal 
intelligence  connected  with  the  material  system. 

Whether  the  happiness  of  the  Divinity  may  be 
increased  by  the  contemplation  of  his  purposes 
and  plans  being  brought  into  effect,  we  cannot 
positively  declare;  though  it  does  not  appear  con- 
trary to  reason  or  the  Dictates  of  Scripture  to 
suppose  that  even  the  felicity  of  the  Deily  may, 
in  a  certain  limited  and  modified  sense,  be  suscep- 
tible  of  augmentation.*    But  whatever  opinion 


*It  is  declared  in  Psalm  cxivii,  11:  "The  Lord  takefli 
pleasure  in  them  that  fear  him,  in  those  that  hope  in  hit 
mercy;"  and  in  relation  to  Messiali  it  is  said,  "  Jehovoli  is 
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may  be  formed  on  this  point,  from  the  constitution 
of  finite  minds,  and  the  principles  and  desires 
implanted  in  them,  it  appears  necessary  to  their 
progressive  enjoyment  that  new  scenes  and  mani- 
festations of  Divine  perfection  should  be  contin- 
ually opening  to  their  view;  and  if  the  universe 
be  indefinitely  extended,  as  it  appears  to  be,  and  if 
new  worlds  are  continually  springing  up  under 
the  creating  hand  of  the  Omnipotent,  thtn  we 
i>ehold  a  prospect  of  progressive  knowledge  and 
enjoyment  suited  to  the  desires  and  aspirations  of 
intelligent  minds,  which  can  never  terminate 
throughout  all  the  future  periods  of  eternity.  It 
is  indeed  absurd  to  su[<pose  that  a  Being  without 
beginning  and  without  end  should  have  his  atten- 
tion solely  or  chiefly  directed  to  one  point  of  his 
universe,  and  to  one  class  of  intelligences,  "  to 
whom,"  in  point  of  number  and  of  rank,  "  they 
are  counted  as  nothing  and  less  than  nothing,  and 
vanity." 

In  respect  to  a  Being,  then,  who  fills  the  in- 
finity of  space  with  his  presence,  and  who  is 
possessed  of  eternal  duration,  it  is  nothing  more 
than  what  is  consistent  with  these  attributes,  and 
what  we  should  naturally  expect,  that  his  empire 
ehould  stretch  over  the  regions  of  immensity,  and 
that  it  should  be  filled  with  innumerable  intelli- 
gences, capable  of  appreciating  his  power  and 
goodness,  and  of  paying  a  tribute  of  gratitude 
and  adoration.  The  two  attributes  to  which  we 
have  adverted  could  never  be  thoroughly  displayed 
to  finite  minds,  unless  creation  were  extended 
through  the  illimitable  tracks  of  space,  and  new 
creations  gradually  unfolding  themselves  to  view. 
Were  creation  as  limited  as  many  suppose,  were 
it  confined  chiefly  to  the  v/orld  in  which  we  dwell, 
and  the  beings  connected  with  it,  we  might  in  the 
course  of  a  few  ages  be  said  in  some  measure  to 
comprehend  the  Creator,  having  explored  all  the 
displays  he  has  made  of  his  power,  wisdom,  and 
I'oodness;  for  we  know  nothing  more  of  the 
Deity  than  the  manifestations  he  has  made  of  him- 
self in  his  works  and  his  moral  dispensations. 
Everything  in  relation  to  man  and  Ids  habitation 
might  be  known  after  the  investigations  of  a  very  ! 
limited  number  of  ages,  and  nothing  further  would 
remain  to  stimulate  the  exercise  of  the  rational  i 
faculties  throughout  all  the  succeeding  periods  of  j 
infinite  duration.  But  we  may  rest  assured  that  ■ 
the  Divine  Being  is  absolutely  incomprehensible,  i 
and  that  no  created  intelligence  will  ever  be  able  ; 
to  sound  the  depth  of  his  perfections,  or  to  trace  j 
the  full  extent  of  his  operations.  j 

3.  It  is  more  accordant  with  the  wisdom  of  the  ! 
Deity  that  the  univeise  should  be  inhabited  by 
intelligent  minds,  than  that  it  should  remain  in  a 
state  of  perpetual  desolation  and  soWtude. 

Could  it  be  proved  that  the  planets  of  the  solar 
system,  and  all  the  other  magnificent  globes  which 
are  dispersed  throughout  creation,  are  only  rude 
masses  of  matter,  without  life  and  intelligence,  it 
would  confound  all  our  ide:'s  of  the  intelligence 
of    the   Divine   mind.       Wisdom   is   universally 


well  pleased  for  his  righteousness'  sake."  In  reference  to 
Uie  material  works  of  creation  it  is  said.  Psalm  civ,  31, 
"  The  glory  of  the  Lord  shall  endure  forever;  the  Lord  shall 
Rii.ioiCK  in  all  his  works."  The  expression,  "  The  ?lory  of 
tiie  Lord,"  denotes  the  display  of  the  Uivine  perfections 
■uade  in  the  works  of  creation,  as  is  evidej.t  from  the  sub- 
'ec-l  of  tlie  psalm  in  which  it  Oc-ciirs,  which  celebrates  the 
power,  wisdom,  and  providence  of  (Jod,  in  relation  to  tlie 
ohjpcts  of  the  visible  world.  In  r  ference  to  these  objects 
il  is  said,  "  The  Lord  shall  rejoice  'in  them,  which  seems 
lo  imply,  speakinj;  after  the  mar.  er  of  men,  a  degree  of 
pleasure  or  satisfaction  in  beholdi  g  his  wise  and  henevo- 
'.ent  plans,  and  his  eternal  purpui»s,  brought  into  elfect  and 
fulfilling  the  ends  intended. 


acknowledged  to  be  one  of  the  eternal  and  essen- 
tial attributes  of  the  Divinity.  But  how  could 
the  glory  of  this  attribute  be  traced  from  the  con- 
templation of  a  mass  of  more  inanimate  matter, 
however  vast  and  splendid  in  its  general  aspect,' 
when  no  end  or  design  of  its  creation  is  perceived 7 
Where  should  we  be  enabled  to  perceive  the  nice 
adaptation  of  means  to  ends?  the  harmonioua 
operation  of  principles  and  causes  producing 
grand  and  beneficent  effects?  the  accomplishment 
j  of  glorious  and  useful  designs  by  admirable  ar- 
j  rangements?  We  could  only  behold  a  vast  and 
;  stupendous  assemblage  of  means  without  an  end; 
or,  at  least,  without  an  end  corresponding  to  their 
magnitude  and  grandeur.  We  should  behold 
merely  a  display  of  boundless  and  uncontrollable 
poicer  acting  at  random,  and  producing  no  efl:ect 
which  could  excite  the  love  and  admiration  of 
holy  intelligences.  For  what  could  they  behold 
to  excite  such  emotions,  although  they  were  per- 
mitted to  make  the  tour  of  the  universe?  Scenes 
of  emptiness  and  desolation,  of  silence  and  soli- 
tude, where  no  sound  is  heard,  where  no  animated 
being  enlivens  the  boundless  prospect,  where  no 
interchange  of  sentiment  or  affection  can  take 
place,  and  where  no  praises  from  adoring  wor- 
shipers ever  ascend  to  the  Ruler  of  the  skies. 
A  rational  being  traversing  scenes  of  this  descrip- 
tion would  feel  as  little  enjoyment  as  a  bewildered 
traveler,  amid  storms  and  tempests,  wandering 
over  a  vast  howling  wilderness,  where  human 
feet  had  nover  trod,  and  where  the  sweet  accents 
of  the  human  voice  are  never  heard  to  cheer  the 
surrounding  solitude. 

But  when  we  view  the  magnificent  globes 
which  are  scattered  throughout  immensity  as 
replenished  with  numerous  orders  of  intelligent 
beings,  v/e  behold  an  end  worthy  of  the  grandeur 
of  the  means  which  have  been  employed,  worthy 
of  tlie  omnij)otent  power  which  has  been  exerted, 
and  corresponding  to  the  perfections  of  him  who 
is  "  the  only  wise  God,"  who  is  "  wonderful  in 
counsel,  and  excellent  in  working."  We  behold 
a  display  of  Divine  wisdom  and  njuiiificence  which 
is  calculated  to  arrest  the  attention  and  draw  forth 
the  admiration  of  all  rational  beings,  and  to  excite 
the  most  ardent  desires  of  beholding  the  distant 
scenes  of  the  universe  more  completi.-ly  unfolded — 
a  display  calculated  to  gratify  intelligences  of  the 
highest  order,  and  of  the  most  capacious  powers, 
to  excite  them  to  the  most  sublime  investigations, 
and  to  inspire  them  with  emotions  of  love,  reve- 
rence, and  adoration  of  Him  who  created  all 
worlds,  and  for  whose  pleasure  they  are  and  were 
created. 

4.  The  idea  of  the  universe  being  replenished 
with  sensitive  and  intellectual  existence  is  accor- 
dant with  every  rational  view  we  can  takr-  of  the 
goodness  or  benevolence  of  the  Deitv 

The  goodness  of  God  is  that  attriDuie  of  his 
nature  by  wliich  he  delights  to  communicate 
happiness  to  all  the  ranks  of  his  sentient  and 
intelligent  offspring.  Like  every  other  attribute 
of  the  Divine  mind,  it  is  strictly  boundless  or 
infinite,  coextensive  with  the  eternal  greatness  of 
that  mind,  and  commensurate  with  infinite  know- 
ledge, wisdom,  and  omnipotence.  The  benevo- 
lence of  the  Deity  may  be  said  to  constitute  his 
whole  moral  character,  and  to  reflect  a  radiance 
on  all  his  other  perfections.  To  his  love  of  hap- 
piness, as  it  now  exists  among  every  order  of  his 
creatures,  and  to  his  desire  of  producing  it  in  all 
his  future  arrangements,  no  possible  limits  can  bo 
affixed.  Hence,  in  the  sacred  records,  the  Divine 
Being  is  summarily  described  by  this  perfection 
alone,  "  Oad  is  love.''''     It  is  not  merely  asserted 
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that  God  is  benevolent,  but  that  he  is  benevolerwe 
itself.  Benevolence  is  the  essence  of  his  being 
and  character — a  summary  of  everything  that  can 
render  him  amiable  and  adorable  in  the  eyes  of 
all  his  intelligent  creatures.  This  benevolence  is 
permanent  and  immutable,  and  must  be  forever 
active  in  distributing  blessings  wherever  percipient 
Deings  exist.  As  it  consists  in  the  love  ot  happi- 
ness, and  the  desire  of  communicating  it  wherever 
„here  is  scope  for  its  exercise;  as  it  is  the  bound- 
less energy  of  the  infinite  Mind  in  unceasingly 
doing  good,  it  must  be  displayed,  in  a  greater  or 
less  degree,  wherever  matter  exists,  and  wherever 
Wisdom  and  omnipotence  have  been  exerted 
throughout* the  universe.  We  know  that  it  is 
incessantly  displayed  throughout  all  the  depart- 
ments of  our  terrestrial  system,  in  the  ample 
provision  made  for  the  wants  of  every  species  of 
animated  existence,  in  "  giving "  the  various 
tribes  of  men  "rain  from  heaven  and  fruitful 
seasons,  and  filling  their  hearts  with  food  and 
gladness;"  and,  in  a  wonderful  diversity  of  modes, 
distributing  enjoyment  among  percipient  beings. 
It  is  celebrated  in  tlie  highest  strains  by  the 
inspired  writers  as  one  of  the  most  glorious  and 
distinguishing  characteristics  of  Jehovah.  "The 
Lord  is  good  to  all;  his  tender  mercies  are  over  all 
nis  works."  "He  is  merciful,  and  gracious,  and 
abundant  in  goodness."  "  His  bounty  is  great 
above  the  heavens,"  and  "  he  exercises  loving 
kindness  throughout  the  earth."  "  0  give  thanks 
to  the  Lord,  for  he  is  good,  for  his  mercy  endu- 
reth  forever." 

But  however  great  and  inexhaustible  the  source 
of  happiness  in  the  Divine  mind,  the  exercise  of 
goodness  necessarily  supposes  the  existence  of  sensi- 
tive or  rational  beings,  toward  whom  benevolence 
may  be  displayed.  Where  no  such  beings  are  to 
be  found,  this  attribute  cannot  be  exercised  or 
traced  in  its  operation.  Mountains  and  plains, 
rocks  of  marble  and  diamonds,  or  valleys  adorned 
with  all  manner  of  precious  stones,  however  rich 
and  splendid,  cannot  feel  the  effects  of  Divine  be- 
neficence. If,  therefore,  the  numerous  globes 
throughout  the  universe  were  destitute  of  inhabit- 
ants, there  would  be  no  extensive  display  of  this 
essential  perfection  of  the  Divine  nature  ;  and  to 
those  few  intelligences  who  might  be  permitted  to 
view  the  desolate  wastes  of  the  universe,  or  to  re- 
ceive information  respecting  them,  it  would  ap- 
pear as  if  the  Divine  goodness  had  .either  been  ex- 
hausted or  had  ceased  its  operations,  and  been  with- 
drawn from  the  scene  of  creation,  as  if  "  the  Lord 
had  forgotten  to  be  gracious,  and  in  anger  shut  up 
his  tender  mercies."  We  have  reason,  however, 
to  believe,  both  from  scripture  and  from  reason, 
that  it  is  the  great  end  of  all  the  operations  of 
Deity  that  a  theater  may  be  prepared,  on  which 
the  emanations  of  his  goodness  may  be  commu- 
nicated to  innumerable  orders  of  beings  through- 
out his  vast  creation.  There  is  no  other  conceiv- 
able end  for  which  the  fabric  of  universal  nature 
was  reared  than  that  it  should  serve  as  a  scene  of 
enjoyment  to  innumerable  beings  susceptible  of 
feeling  the  effects  of  the  Creator's  bounty,  and 
that  therein  they  might  behold  a  magnificent  dis- 
play of  the  grandeur  of  his  eternal  attributes  ; 
but  if  by  far  the  greater  part  of  creation  were  un- 
inhabited, such  an  end  would  be  frustrated.  How- 
ever expansive  the  scene  of  the  universe  maj-  be — 
however  numerous  and  magnificent  the  worlds 
and  systems  which  exist  within  its  boundless  range, 
the  glories  of  Omnipotence  would  remain  forever 
vailed  and  unknown,  except  to  a  small  race  of 
beings  who  0'!Ci!py  only  a  point  in  the  ianrifusitv 
ot  space,  an  J  wiio  cannot  po^-;i*)!y  by  acquainted 


with  the  ten-thousandth  part  of  the  scenes  which 
lie  in  the  remoter  spaces  of  creation. 

If,  therefore,  we  would  not  rob  the  Divinity  of 
the  most  distinguisliing  attribute  of  his  nature, 
we  must  admit  that  wherever  creation  extends, 
his  goodness  and  beneficence  are  displayed,  and, 
consequently,  that  intelligent  beings  of  various 
orders  must  exist  throughout  all  its  amplitudes. 
Wherever  power  and  wisdom  are  displayed,  it 
ought  to  be  considered  as  a  necessary  consequence 
that  there  also  goodness  is  exercised,  as  the  one 
is  su'uMdiary  to  the  other,  and  stands  related  as 
meauti  to  an  end,  or  as  cause  to  effect.  It  would 
be  a  iiiost  glaring  piece  of  inconsistency  to  sup- 
pose that  the  Divine  benevolence  is  confined  to 
one  or  two  worlds  or  orders  of  beings,  when  mil- 
lions of  expansive  systems  diversify  the  fields  of 
immensity ;  more  especially  when  we  consider 
that  tiie  goodness  of  the  Deity  is  of  so  communi- 
cative a  nature  that  all  the  inter\'al  between  a 
polypus  and  a  man  is  filled  with  thousands  of 
species  of  animated  beings,  of  every  conceivable 
form,  and  structure,  and  capacity,  in  order  that 
happiness  of  every  degree  may  be  diffused  among 
every  possible  order  of  sentient  existence.  Every 
element  of  nature,  every  department  of  our  ter- 
restrial system,  forms  an  appropriate  abode  for 
living  beings.  The  air,  the  waters,  and  the  earth 
teem  with  animated  existence  of  every  size  and 
form,  and  in  such  vast  multitudes  as  to  exceed  all 
human  calculation  ;  and  if  the  displays  ef  Divine 
goodness  be  thus  exuberant  in  our  sublunary 
world,  it  would  be  absurd  in  the  highest  degree  to 
suppose  for  a  moment  that  the  millions  of  vast 
globes,  which  roll  in  the  distant  regions  of  crea- 
tion are  devoid  of  inhabitants,  since  the  commu- 
nication of  happiness  appears  to  be  one  great  end 
of  all  the  operations  of  infinite  wisdom  and  om- 
nipotence. 

Thus  it  appears  that  the  doctrine  of  a  plurality 
of  worlds  is  not  only  accordant  with  every  ration- 
al view  we  ought  to  entertain  of  the  eternity  and 
immensity,  the  wisdom  and  goodness,  of  the  Di- 
vine Being,  but  that  the  opposite  opinion  would 
be  repugnant  to  every  consistent  and  scriptural 
view  we  can  take  of  tlie  character  of  the  Supreme, 
and  would  obscure  the  glory  of  every  divine  per- 
fection. This  view,  therefore,  of  the  universe, 
considered  as  replenished  with  innumerable  intel- 
ligences, is  calculated  to  exhibit  a  more  qlorious  and 
magnificent  idea  of  tlie  character  and  operations  of 
the  Deity  than  to  suppose  his  benevolent  regards 
confined  to  the  globe  on  which  we  dwell.  Instead 
of  having  only  one  comparative!}'  small  world  and 
race  of  beings  under  his  sway,  we  here  contem- 
plate him  as  the  supreme  ruler  of  ten  thousand 
times  ten  thousands  of  mighty  worlds,  and  con- 
ducting them  all,  with  unerring  skill,  in  their  vast 
career.  We  behold  him  exercising  his  moral  ad- 
ministration over  a  vast  universe  of  minds,  more 
numerous  than  the  faculties  of  men  or  of  angelic 
beings  are  adequate  to  compute,  supporting  and 
directing  all  the  amazing  powers  of  thought,  wis- 
dom, intelligence,  afi:ection,  and  moral  action 
throughout  every  part  of  his  eternal  empire,  dis 
plaj'ing  the  depths  of  his  wisdom  and  intelligence; 
the  rectitude  of  his  character,  and  the  grandem 
of  his  omnipotence  to  countless  ordei-s  of  intellect- 
ual existence,  presenting  before  them  prospects  of 
magnificence  and  grandeur  boundless  as  immensi- 
ty, distributing  among  them  all  the  riches  of  his 
beneficence,  and  inspi  ing  them  with  the  hope  that 
the  grandeur  of  his  k>  ngdom  and  the  glory  of  his 
perfections  will  continue  to  be  displayed  with  iu- 
cica^iiig  spliM:dor  thro  liiliout  all  tli'-  periods  of  aa 
eiiiii 'ss  duration.     Such  a  Ik-iiig  m  calculated   l<t 
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draw  forth  the  highest  degree  of  love  and  admira- 
tion from  all  his  intelligent  offspring,  to  inspire 
them  with  glowing  ardor  in  his  service,  and  to 
excite  them  to  incessant  adoration  ;  whereas,  did 
the  universe  consist  merely  of  a  boundless  mass 
of  matter  without  animation,  thouglit,  or  intelli- 
gence, a  vail  of  darkness  and  mystery  would  bo 
thrown  over  all  the  perfections  and  purposes  of 
the  Divinity  ;  creation  would  appear  a  vast,  mys- 
terious, and  inexplicable  system  ;  and  no  hope 
would  ever  be  entertained  of  tracing  the  designs 
for  which  it  was  brought  into  existence. 

II.  Another  general  argument  for  the  plurality 
of  worlds,  and  for  an  extensive  population  of  the 
universe,  may  be  founded  on  the  following  propo- 
sition:— that  wherever  any  one  perfection  of  Deity  is 
exerted,  there  also  all  his  attributes  are  in  operation, 
and  must  be  displayed,  in  a  greater  or  less  degree, 
to  certain  orders  of  intelligences.  This  is  a  most 
important  consideration,  wliich  ought  to  be  taken 
into  account  in  all  our  views  of  the  Divine  char- 
acter, and  in  all  our  investigations  of  the  Divine 
administration — a  consideration  which  is  too  fre- 
quently overlooked  in  the  views  and  reasonings 
both  of  philosophers  and  theologians. 

The  Divine  Being  is  one  undivided  essence  ;  he 
is  not  compounded  of  separable  parts  or  qualities, 
insulated  from  each  other.  We  ought  not,  there- 
fore, to  conceive  of  his  attributes  as  so  many  in- 
dependent powers  or  properties,  any  one  of  which 
may  be  exerted  without  the  concurrence  or  co- 
operation of  the  other.  From  the  limited  views 
we  too  frequently  take  of  the  Divinity,  and  from 
the  imperfection  of  our  present  faculties,  we  are 
apt  to  fall  into  this  mistake  ;  but  since  all  the 
perfections  wo  attribute  to  the  Eternal  Mind  are 
attributes  of  one  indivisible  and  uncompounded 
Being,  we  ought  never  to  imagine  that  power  in 
any  instance  operates  without  goodness,  or  icisdom 
without  rectitude,  or  that  it  can  ever  happen  that 
any  one  of  those  perfections  can  be  displayed 
witiiout  the  harmonious  operation  of  the  whole. 
In  whatever  regions  of  the  universe,  therefore, 
God  is  seen  to  operate  by  his  power,  we  may  rest 
assured  that  there  also  he  displays  himself  in  the 
plenitude  of  all  his  other  perfections  ;  that  intelli- 
gence, wisdom,  benevolence,  veracity,  and  recti- 
tude follow  in  the  train  of  omnipotence,  displaying 
in  undivided  luster  and  harmony  the  glories  of 
his  character.  It  is  God,  invested  with  all  his 
eternal  and  immutable,  his  natural  and  moral  at- 
tributes, and  not  any  single  perfection,  that  acts, 
arranges,  and  governs  throughout  the  wiiole  am- 
plitude of  creation ;  and  as  such,  his  moral  gran- 
deur, as  well  as  the  physical  effect  of  his  power, 
must  be  displayed  in  every  department  of  the  ma- 
terial universe.  From  the  influence  of  habit,  and 
in  consequence  of  the  limited  faculties  of  our  na- 
ture, we  are  accustomed  to  say,  that  in  one  object 
power  is  displayed,  and  in  another  that  wisdom  is 
manifested  ;  because,  that  in  the  one  the  attribute 
of  power  appears  to  us  most  prominent,  and  in 
the  other,  wisdom  is  more  strikingly  apparent.  A 
lofty  range  of  mountains,  rearing  their  summits 
above  the  clouds,  and  stretching  along  for  several 
hundreds  of  miles,  strikes  the  mind  with  an  idea 
of  power  in  Him  who  formed  them  ;  but  the  fine 
mechanism,  accomplishing  certain  useful  purposes 
in  the  body  of  an  emmet  or  a  gnat,  or  the  delicate 
construction  of  the  eye  of  a  dragon-fly,  arrests 
our  attention  more  particularly  as  an  evidence  of 
wisdom,  although  in  each  of  these  cases  both  power 
and  wisdom  are  displayed.  In  no  act  or  operation 
whatever  of  the  Divine  Being  can  it  be  said,  that 
in  that  act  he  is  only  wise,  or  only  powerful,  or 
only  benevolent ;  for  in  every  operation,  and  in 


every  part  of  his  procedure,  he  acts  in  the  pleni- 
tude of  all  his  essential  attributes,  althougli  the 
full  display  of  all  his  perfections  may  not,  in  every 
instance,  be  open  to  our  inspection. 

If,  then,  the  positions  now  stated  be  admitted 
(and  I  see  not  how  they  can  be  called  in  ques- 
tion), it  necessarily  follows  that  all  the  vast  globea 
dispersed  throughout  the  universe  are  either  inha- 
bited or  contribute,  as  our  sun  does,  to  the  com- 
fort and  enjoyment  of  percipient  existence;  for 
if  wisdom  and  goodness  uniformly  and  of  neces- 
sity accompany  the  agency  of  power,  and  if  these 
attributes  can  be  exercised  only  in  relation  to 
sentient  or  intelligent  beings,  such  beings  must 
exist  wherever  such  perfections  are  exercised.  To 
suppose  the  contrary  would  involve  a  palpable  ab- 
surdity, and  present  a  distorted  and  inconsistent 
view  of  the  adorable  character  of  Jehovah. 

In  our  survey  of  the  sidereal  heavens,  and  the 
remoter  provinces  of  the  Divine  empire,  we  be- 
hold little  more  than  an  overwhelming  digplay  of 
almighty  power.  Our  remoteness  from  those  mag- 
nificent scenes  prevents  us  from  tracing  the  mi- 
nute contrivances  of  Divine  Wisdom  in  r -lalion 
to  any  particular  system,  or  the  displays  of  Divine 
Beneficence  toward  its  inhabitants.  But  our 
incapacity  in  perceiving  the  effects  of  wisdoin  and 
goodness  ibrms  no  arguments  against  the  actual 
exercise  of  these  perfections.  If  it  be  admitted 
that  infinite  wisdom  and  benevolence  are  the 
necessary  accompaniments  of  almighty  power,  we 
may  rest  assured  that  those  perfections  are  in  full 
and  constant  exercise  wherever  creating  jiower 
has  been  exerted,  although,  from  our  present  situ- 
ation in  the  universe,  their  operation  be  concealed 
from  our  view.  In  every  instance  where  Omni- 
potence has  put  forth  its  energies,  it  may  be  con- 
sidered as  a  stage  or  theater  on  which  the  Divine 
wisdom  and  benevolence  may  be  displayed.  And 
as  wisdom  and  goodness  can  only  have  a  reference 
to  percipient  and  intelligent  beings,  wherever 
those  perfections  are  exercised,  such  beings  must 
necessarily  be  conceived  to  exist;  otherwise,  we  in 
effect  destroy  the  simplicity  of  the  Divine  nature, 
we  divide  the  Divine  essence  iuto  so  man}"^  inde- 
pendent attributes,  and  virtually  declare  that  in  the 
work  of  creation  the  Deity  does  not  act  in  the  full 
exercise  of  his  indivisible  and  eternal  perfections. 
The  above  considerations,  if  duly  weighed  and 
understood,  appear  to  me  to  embody  an  argument 
for  the  doctrine  of  an  indefinite  plurality  of  worlds, 
which  may  be  considered  as  amounting  to  a  moral 
demonstration. 

III.  There  is  an  absurdity  involved  in  the  con- 
trary supposition — namely,  that  the  distant  regions 
of  creation  are  devoid  of  iniiabitants. 

1.  There  are  two  modes  of  reasoning  which 
have  been  employed  to  prove  the  truth  of  a  pro- 
position: the  direct  method,  by  bringing  forward 
arguments,  or  following  out  a  train  of  reasonino- 
bearing  expressly  on  the  position  to  be  supported; 
or  the  indirect  method,  by  showing  the  absurdity 
of  maintaining  the  opposite  position.  Mathema- 
ticians term  tliis  latter  species  of  reasoning  the 
reductio  ad  absurdum,  and  sometimes  employ  it 
instead  of  the  direct  metliod,  by  showing  lluit  the 
contrary  of  the  position  laid  down  is  impossible, 
or  involves  an  absurdity ;  and  this  nietliod  of 
proof  is  considered  as  valid,  and  as  strictly  de?iion- 
strative  as  the  other;  for  the  op|)osite  of  truth 
must  be  falsehood.  If,  therefore,  any  proposition, 
whether  mathematical  or  moral,  can  bo  shown 
to  involve  an  absurdity,  or  to  be  inconsistent 
with  a  well-known  and  acknowledged  truth, 
or  directly  contrary  to  it,  Wf  may  saf'iy  co:>ciU:l« 
that  such  a  proposition  must  b;.-  faUe. 
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To  feel  the  force  of  such  an  argument  in  the 
present  case,  let  us  suppose  for  a  moment  that 
the  planetary  aud  stellar  orbs  are  destitute  of  in- 
habitants. What  would  be  the  consequences? 
All  those  vast  bodies  must  then  be  considered  as 
regions  of  eternal  silence,  solitude,  and  desola- 
tion. The  sun  illuminates  the  surfaces  of  such 
huge  globes  as  Jupiter  and  Saturn,  but  there  are 
no  visual  organs  to  perceive  the  luster  he  throws 
around,  no  parcipient  beings  to  feci  the  influence 
of  his  heat  and  other  benign  agencies.  Time  is 
measured,  with  e.xquisite  precision  by  days,  aud 
mouths,  and  years,  but  all  to  no  purpose;  for  no 
rational  beiugs  enjoy  the  advantage  of  such  mea- 
sures of  the  lapse  of  time,  and  the  Deity — to 
whom  "  one  day  is  as  a  thousand  years,  and  a 
thousand  years  as  one  day" — stands  in  no  need 
of  such  movements  to  mark  the  periods  of  dura- 
tion. Day  and  night,  spring  and  summer,  suc- 
ceed each  other,  but  they  have  no  relation  to  the 
wants  or  enjoyments  of  sensitive  or  intellectual 
natures.  The  melody  of  the  groves,  the  bleating 
of  flocks,  the  lowing  of  herds,  the  harmonious 
accents  of  human  voices,  or  the  music  of  angelic 
choirs,  never  for  a  moment  disturb  the  profound 
and  awful  silence  which  forever  prevails;  not  a 
single  murmur  meets  the  ear,  unless  howling 
winds,  amidst  dreary  deserts  and  rugged  rocks, 
should  render  the  scene  still  more  hideous  and 
doleful.  Some  of  tliose  mighty  globes  are  encir- 
cled with  splendid  rings  and  a  r'tinue  of  moons, 
which  adorn  the  canopy  of  the  sky,  and  present  a 
scene  of  grandeur  far  more  divarsified  and  sublime 
than  human  eyes  have  yet  beheld,  but  no  intelli- 
gent agents  exist  in  those  regions  to  admire  and 
enjoy  the  wondrous  spectacle  and  to  adore  the 
great  Creator.  In  short,  all  is  one  wide  scene  of 
dreariness,  desolation,  horror,  aud  silence,  which 
would  fill  a  spectator  from  this  world  with  terror 
and  dismay. 

Were  an  inhabitant  of  the  earth  to  be  trans- 
ported to  Jupiter  or  Saturn,  he  might  behold 
resplendent  scenes  in  the  canopy  of  the  firma- 
ment; but  how  great  would  be  his  disappointmant 
to  find  nothing  but  boundless  deserts  and  desolate 
wastes,  without  one  sentient  being  to  cheer  the 
horrors  of  the  scene,  and  not  a  rational  intelligence 
to  communicate  a  single  sentiment  or  to  join  him 
in  the  contemplation  of  the  objects  above  and 
around  him;  and  were  he  to  range  throughout  an 
indefinite  lapse  of  ages  from  one  globe  to  another, 
and  from  one  corner  of  the  universe  to  another, 
and  find  the  same  gloomy  solitudes  and  desola- 
tions, he  could  find  no  stimulus  to  excite  him  to 
admiration  or  rapture,  or  to  elevate  his  soul  in 
adoration  of  the  Creator.  Even  the  most  resplen- 
dent scenes,  adorned  with  all  t!ie  riches  and  beau- 
ties which  the  most  lively  imagination  can  depict, 
— mountains  of  diamonds  and  plains  diversified 
vvMth  all  the  bi'auties  of  the  vegetable  creation, — 
could  impart  no  real  pleasure  while  unenlivened 
with  the  principle  of  animation  and  the  energies 
of  mind.  W'hat  a  gloomy  and  liorrible  picture 
would  such  a  scene  present  of  the  frame  of  uni- 
versal nature,  and  what  a  vail  of  darkness  and 
mystery  would  it  throw  over  the  perfections  of 
the  Eternal!  for  it  i;i  the  scenes  connected  with 
life,  animation,  mental  .iclivity,  and  moral  senti- 
ment, glowing  affection,  social  intercourse,  :ind 
the  mutual  sympatliies  of  intellectual  beings,  tliat 
can  alone  inspire  the  soul  with  rapturous  emo- 
tions, tiirow  a  charm  over  any  part  of  creation, 
and  exhibit  the  Almighty  Creator  as  amiable  and 
adorable.  It  is  chiefly  from  the  relation  in  which 
the  material  world  stands  to  sensitive  and  intel- 
lectual   existence   that  its   beauty  and  order  are 


recognized  and  admired  by  contemplative  minda, 
and  that  the  wisdom  and  beneficence  of  the  Deity 
are  traced  in  all  their  minute  and  multifarioua 
bearings.  In  our  world,  as  it  now  stands,  the 
arrangement  of  mountains  and  vales,  tiie  various 
properties  of  the  watery  element,  and  its  transit 
mutation  into  vapors,  clouds,  and  dew,  the  admira- 
ble mechanism  of  the  atmosphere,  the  fertility  of 
the  earth,  and  the  beautiful  coloring  which  is 
spread  over  the  face  of  nature, —  which  are  pro- 
ductive of  so  man}'  beneficial  effects,  and  so  evi- 
dently display  the  wisdom  of  Deity, — would  all 
appear  as  so  many  means  without  an  end,  as  con- 
trivances without  use,  if  the  eartli  were  destitute 
of  inhabitants.  And  if  all  the  otiier  departments' 
of  creation  were  likewise  devoid  of  animation  and 
intelligence,  scarcely  a  trace  would  be  left  throngb- 
out  boundless  space  of  the  wisdom  and  benevo- 
lence of  the  Eternal  Mind. 

2.  In  the  next  place,  such  a  position  as  that 
which  I  am  now  opposing  would  be  inconsistent 
with  that  principle  of  variety  which  appears  so 
conspicuous  throughout  the  whole  range  of  the 
Divine  operations,  and  with  that  progrcf^sive  expan' 
sion  of  intellectual  views  which  appears  necessary 
to  the  perpetual  enjoyment  of  immortal  beings. 

In  order  to  permanent  enjoyment  it  is  neces- 
sary, from  the  very  constitution  of  the  mind,  that 
one  scene  of  happiness  should  succeed  another, — 
that  the  soul  should  look  forward  to  the  future,  to 
something  new  or  more  grand  and  expansive  than 
it  has  yet  beheld  or  enjoyed.  It  can  never  rest  in 
present  objects  and  attainments,  but  is  always  on 
the  wing  for  something  higher  and  more  exquisite 
than  it  has  yet  grasped  or  enjoj^ed.  What  is  the 
reason,  in  most  cases,  why  imprisonment  produces 
so  doleful  an  effect  upon  the  mind,  but  because 
its  views  and  its  actions  are  confined  to  a  narrow 
circle?  And  if  in  such  a  situation  newspapers, 
books,  paper,  pens  and  ink,  be  withheld,  so  as  still 
further  to  circumscribe  the  mental  view,  its  want 
of  enjoyment  and  its  misery  are  still  more  in- 
creased. Why  would  a  literary  man  feel  unhap- 
piness  had  he  no  access  to  books,  journals,  and 
the  periodicals  of  the  day,  nor  any  other  means 
of  information  respecting  passing  events,  but  be- 
cause he  would  thus  be  confined  to  his  present 
range  of  view,  and  prevented  from  enlarging  it? 
And  why  should  the  man  who  devours  the  periodi- 
cal journal  to-day  feel  as  craving  desires  to-mor- 
row to  peruse  similar  records  of  intelligence,  to 
mark  the  progress  of  passing  events,  but  from  the 
same  vehement  desire  to  expand  his  present  intel- 
lectual views  ?  Were  such  desires  to  remain 
ungratified,  aud  the  prospect  of  further  informa- 
tion entirely  shut  up,  a  certain  degree  of  misery 
would  necessarily  be  felt  by  eveiv  rational  mind. 
In  another  world,  something  similar  would  hap- 
pen in  the  case  of  all  intellectual  beings,  were  no 
new  scenes  and  prospects  ever  unfolded  to  view. 

Divines  have  generally  admitted  that  the  eter- 
nal world,  in  the  case  of  the  righteous,  will  be  a 
state  of  perpetual  and  uninterrupted  enjoyment. 
Such  enjoyment,  however,  could  never  be  real- 
ized, unless  new  scenes  and  objects,  worthy  of  the 
admiration  of  exalted  intelligences,  were  progres- 
sively displayed.  But  the  contemplation  of  rude 
masses  of  matter,  however  vast  in  point  of  size 
and  extent,  and  however  magnificent  in  point  of 
splendor,  were  they  entirely  unconnected  with 
mind  and  moral  action,  would  produce  no  high 
degree  of  enjoyment  to  beings  possessed  of  capa- 
cious powers  of  intellect;  for  in  such  objects  they 
could  trace  no  evidences  of  skill  or  deKig-n,  nor 
would  they  perceive  any  overflowings  o:  Divine 
goodness    to    inspire    them    with   gratitude    and 


HARMONY  OF  DIVINE  PERFECTIONS. 


99 


praise.  We  are  warranted  from  Revelation  to  ex- 
pect that  in  the  future  world  the  knowledge  of 
good  men  will  be  indefinitely  increased,  in  respect 
to  their  more  enlarged  conceptions  of  the  Divine 
tleinjr,  and  of  his  works  and  ways;  that,  amono: 
other  subjects,  they  shall  become  more  acquainted 
with  the  distant  regions  of  creation,  the  destina- 
tion of  those  great  globes  which  we  now  behold 
at  an  impassable  distance,  the  history  of  their  in- 
habitJuts,  the  various  stages  of  improvement 
through  which  they  liave  passed,  the  most  remark- 
able events  which  have  happened  among  them  since 
their  creation,  the  relations  which  tiie  ditrcrent 
worlds  bear  to  each  other,  the  various  orders  of 
intellectual  beings  and  their  distinctive  character- 
istics and  endowments,  with  many  other  particu- 
lars which  would  afford  an  ample  field  of  investi- 
gation and  contemplation  which  could  scarcely 
ever  be  exhausted,  and  a  source  of  progressive 
and  permanent  deliglit.  But  all  such  prospects 
of  knowledge  and  enjoyment  would  be  forever 
shut  out,  were  the  universe  a  collection  of  mere 
matter  unconnected  with  mind  or  intelligence, 
and  the  distant  view  of  an  immortal  existence 
would  present  little  else  than  a  scene  of  monotony 
era  boundless  blank. 

In  the  future  world,  although  the  circumstances 
in  which  the  mind  will  exist,  will  be  different 
from  its  present  local  associations,  yet  its  facul- 
ties, desires,  and  affections,  will  not  be  essentially 
changed.  It  will  continue  the  same  identical 
being,  only  transported  to  another  region,  and 
connected  with  other  objects  and  associations. — 
It  will  have  the  same  or  similar  aspirations  after 
happiness,  the  same  desires  after  new  objects  and 
discoveries,  and  the  expansion  of  its  intellectual 
views,  and  the  same  delight  in  beholding  one 
scene  of  creating  grandeur  after  another  unfold- 
ing itself  to  view,  as  it  feels,  in  a  certain  degree, 
in  the  present  state.  Such  desires  after  progres- 
sive improvement  in  knowledge  and  happiness 
are  implanted  by  the  Creator,  and  form  an  essen- 
tial part  of  the  constitution  of  the  human  soul, 
and  therefore  can  never  be  eradicated  so  long  as 
it  is  sustained  in  existence.  But  it  is  evident, 
from  what  has  been  already  stated,  that  such  de- 
sires could  never  be  gratified,  and  that  its  expec- 
tations of  higher  degrees  of  intellectual  expansion 
and  enjoyment  would  be  frustrated,  were  the 
scene  of  Omnipotence  nothing  more  than  an  in- 
definite extension  of  matter  without  life  or  intel- 
ligence; for  in  such  a  case  there  would  be  little 
scope  for  *he  exercise  and  expansion  of  its  powers 
throughout  an  immortal  existence. 

3.  The  supposition  that  matter  throughout  the 
universe  is  not  connected  with  mind  would  pre- 
sent a  distorted  view  of  the  character  of  the  Al- 
mighty, and  throw  a  vail  over  the  most  glorious 
perfections  of  his  nature.  It  would  virtually  de- 
prive the  Creator  of  the  attribute  of  loisdom; 
since  no  display  of  it  would  be  perceived  in  the 
most  magnificent  works  of  his  hands.  It  would, 
in  effect,  rob  him  of  his  goodness;  since,  through- 
out the  mightiest  and  most  extensive  portion  of 
his  works,  no  enjoyment  is  communicated  to  be- 
ings endowed  with  either  sensitive  or  rational 
natures,  which  are  alone  capable  of  being  recipi- 
ents of  his  bounty ;  consequently,  no  tribute  of 
gratitude  and  thanksgiving  would  be  offered,  and 
no  praises  or  adorations  would  ascend  t«  the 
throne  of  the  "King  eternal,  immortal,  and  invi- 
Bible,"  from  the  greatest  portion  of  his  boundless 
dominions  It  would  prevent  us  from  beholding 
any  extensive  display  of  the  rectitude  of  his  char- 
acter and  the  equity  of  his  government  in  the 
moral    administration    of    the    universe.      Now, 
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wisdom,  goodness,  and  rectitude,  can  only  be  ex- 
ercised in  reference  to  intelligent  natures,  and 
cannot  possibly  be  displayed  where  such  beings 
have  no  existence. 

The  denial  therefore  of  the  position,  that  the 
great  universe  is  peopled  with  inhabilanis,  would 
lead  us  to  contemplate  a  Being  whose  power  has 
brought  into  existence  a  magnificent  asseiiibiatr« 
of  means  without  an  end;  who  has  prepared 
glorious  habitations  fitted  for  the  enjoyment  of 
rational  natures,  but  has  never  peopled  them;  who 
is  the  alone  source  of  happiness,  and  yet  refuses 
to  communicate  of  his  goodness  where  there  is 
full  scojie  for  its  exercise;  and  who  is  the  Supreme 
Lawgiver  and  the  spring  of  moral  order,  and  yet 
affords  no  display  of  his  moral  attributes  throuirh- 
out  the  immensity  of  his  works  :  for  this  earth, 
and  all  the  beings  that  have  ever  been  connected 
with  it,  are  but  as  a  drop  to  the  ocean  compared  with 
the  immensity  of  the  material  universe.  Can  it 
therefore  be  a  theater  of  sufficient  exjjansion  for 
the  display  of  the  character  and  attributes  of  that 
being  who  has  existed  from  eternity  past,  and  wiil 
exist  to  eternity  to  come,  and  whose  presence  fills 
the  amplitudes  of  boundless  space? 

If,  then,  such  absurd  consequences  necessarily 
follow  from  maintaining  the  position,  that  there 
is  no  })lurality  of  worlds,  that  position  cannot  pos- 
sibly he  true.  It  undermines  truths  of  the  fir3t 
importance,  which  lie  at  the  foundation  of  all 
consistent  views  of  the  character  of  the  Deity, 
and  which  are  acknowledged  to  be  such  by  all  ra- 
tional theists  and  Christian  divines.  And,  since 
what  isdirectly  opposed  to  truth  must  be  error,  and 
v'.ce  versa,  it  follows  that  the  doctrine  we  are  sup- 
porting must  be  considered  as  susceptible  of  moral 
demonstration;  for  it  may  be  laid  down  as  un 
axiom,  that  it  is  essential  to  the  character  of  Deity 
that  he  act  consistently  in  all  parts  of  his  domin- 
ions, that  he  display  in  every  instance  all  his  per- 
fections in  harmony,  and  that  wherever  his  om- 
nipotence has  been  exerted,  there  likewise  he  muat 
display  his  wisdom,  benevolence,  and  rectitude. — 
Whatever  opinion  therefore  directly  tends  to  un- 
dermine or  oppose  such  views  of  the  Divine 
character  and  perfections  must  be  absolutely  un- 
tenable, and  the  opposite  opinion  must  be  indis- 
putably true. 

In  my  work  on  "Celestial  Scenery  "  I  entered 
on  the  consideration  of  several  arguments  which 
tend  to  prove  the  doctrine  of  a  plurality  of  worlds, 
and  that  the  planets  of  the  solar  system  in  parti- 
cular are  the  abodes  of  intellectual  beings.  This 
position  was  illustrated  at  some  length  from  the 
following  considerations :  that  there  are  bodies  in 
the  planetary  system  of  such  magnitudes  as  to 
afford  ample  scope  for  myriads  of  inhabitants; 
that  there  is  a  general  similarity  among  all  the 
bodies  of  the  system,  which  affords  a  presumptive 
evidence  that  they  are  intended  to  subserve  the 
same  ultimate  designs;  that,  connected  with  th» 
planets,  there  are  certain  special  arrangements 
which  indicate  their  adaptation  to  the  enjoyment 
of  sensitive  and  intellectual  beings ;  that  the 
scenery  of  the  heavens,  as  mewed  from  the  surfaces 
of  the  larger  planets  and  their  satellites,  forms  a 
presumptive  proof  of  the  same  position;  and  that 
the  fact  that  every  part  of  nature  in  our  world  i» 
destined  to  the  support  of  animated  beings,  afiordit 
a  powerful  argument  in  support  of  this  doctrine. 
These  arguments  and  considerations,  when  viewed 
in  all  their  bearings,  and  in  connection  with  the 
wisdom  and  goodness  of  the  Divine  Being,  might 
be  considered,  without  any  further  discussiims, 
as  quite  sufiicii;nt  to  substantiate  the  position, 
that  the  planets  and  satellites  of  our  system,  a« 
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well  as  other  departments  of  the  universe,  are  the 
abodes  of  sensitive  and  intelligent  beings. 

In  the  preceding  pages  I  have  offered  a  few 
additional  considerations  bearing  on  the  same 
point,  which,  I  trust,  will  tend  to  corroborate 
the  arguments  and  reasoning  formerly  adduced. — 
I  have  shown  that  the  doctrine  of  a  plurality  of 
worlds  is  more  worthy  of  the  perfections  of  the 
nfinite  Creator,  and  gives  us  a  more  magnificent 
dea  of  his  character  and  works,  than  to  suppose 
his  benevolent  regards  confined  to  our  compara- 
tively diminutive  world;  that  it  is  more  accordant 
with  the  infinity  and  eternity  of  the  Divine  Being, 
and  with  his  wisdom  and  benevolence  than  the  op- 
osite  position;  that  wherever  any  one  perfection 
of  Deity  is  exerted,  there  also  all  his  attributes  are 
in  operation;  and  consequently,  wherever  Omni- 
potence is  seen  to  operate,  there  likewise,  wisdom, 
benevolence,  rectitude,  and  every  other  Divine 
perfection,  must  be  displayed,  and  can  only  be  dis- 
played in  reference    to   intelligent   beings  ;    that 


there  is  an  ahsiirdity  involved  in  the  contrary  sup- 
position ;  that  this  supposition  would  represent 
the  universe  as  an  immense  desert,  unworthy  of  the 
contemplation  of  intelligent  minds;  that  it  would 
prevent  the  progressive  expansion  of  intellectual 
views  in  a  future  state,  and  present  a  distorted 
view  of  the  character  and  attributes  of  the  Al- 
mighty Creator.  All  these  arguments  and  con- 
siderations, when  viewed  in  a  proper  light,  tend 
to  yield  a  mutual  support  to  each  other,  they  hang 
together  in  perfect  harmony,  and  they  are  in  full 
consistency  with  the  most  amiable  and  sublime 
conceptions  we  can  form  of  the  Divinity  ;  and 
therefore  ought  to  carry  irresistible  conviction  to 
the  mind  of  every  unbiased  and  intelligent  in- 
quirer. To  my  own  mind,  they  amount  to  a 
moral  demonstration  ;  so  that  I  am  as  fully  con- 
vinced of  the  truth  of  the  position  we  have  been 
maintaining,  as  if  I  were  transported  to  the  re- 
gions of  distant  worlds,  and  permitted  to  mingle 
in  association  with  their  inhabitants 
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A  PLURALITY   OF  WORLDS  PROVED  FROM  DIVINE   REVELATION. 


It  is  somewhat  difficult  to  persuade  the  greater 
part  of  mankind  that  there  are  any  habitable 
worlds  beside  our  own,  or  that  rational  beings, 
somewhat  analogous  to  man,  may  inhabit  the 
planets  of  our  own  or  of  other  systems.  Even 
the  greater  part  of  Christians,  and  some  who  are 
possessed  of  a  considerable  degree  of  intelligence, 
can  scarcely  be  persuaded  that  there  are  more 
worlds  than  one,  or  that  the  Divine  government 
extends  beyond  the  Christian  Church  and  the  na- 
tions of  the  earth;  and  they  attempt  to  vindicate 
their  opinion  by  asserting  that  the  Scriptures 
never  make  the  least  allusion  to  any  world  except 
that  in  which  we  dwell.  Although  this  were  in 
reality  the  case,  it  would  formnoargumentagainst 
the  doctrine  of  a  plurality  of  worlds;  for  the  reve- 
lations contained  in  the  Scriptures  are  chiefly  of  a 
moral  nature,  their  great  object  being  to  counter- 
act the  depravity  of  man,  and  to  afford  informa- 
tion respecting  the  plans,  and  perfections,  and 
moral  government  of  the  Divine  Being,  which 
the  unassisted  light  of  nature  was  unable  to  ex- 
plore. They  were  not  intended  to  teach  us  the 
principles  of  physical  science,  or  the  particular 
knowledge  of  any  other  subject  which  the  human 
faculties  were  of  themselves  adequate  to  acquire; 
but  to  direct  us,  in  all  our  surveys  of  the  works 
of  God,  to  look  upward  to  him  as  the  Supreme 
Agent,  to  trace  his  attributes  in  all  his  operations, 
and  to  offer  him  a  tribute  of  grateful  adoration. — 
The  Scriptures,  therefore,  would  be  fully  sufficient 
to  answer  all  the  purposes  of  a  revelation  to  man, 
although  they  made  no  allusion  to  other  worlds, 
ur  to  other  intelligea-jes  within  the  range  of  the 
Divine  government. 

Since  the  system  of  nature,  the  system  of  reve- 
lation, and  the  rational  faculties  of  man,  had  their 
origin  from  the  same  Almighty  Being,  we  should 
naturally  expect  that  they  should  perfectly  har- 
monize in  their  grand  lineaments,  and  in  the 
truths  they  are  calculated  respectively  to  unfold; 
or,  at  least,  that  there  ehould  be  no  glaring  con- 1 


tradiction  between  the  intimations  given  by  the 
one  and  by  the  other.  If  the  investigations  of 
reason  in  regard  to  the  material  universe  neces- 
sarily lead  to  the  conclusion  that  numerous  worldi 
exist  throughout  immensity,  and  if  the  Scriptures 
contain  a  communication  from  God,  we  should 
never  expect  to  find  in  that  revelation  any  propo- 
sition asserting  that  there  is  only  one  world  and 
one  race  of  intelligent  beings  in  the  universe,  and 
it  is  needless  to  say  that  no  such  proposition  is  to 
be  found  in  the  Bible.  On  the  contrary,  though 
the  Scriptures  never  directly  or  explicitly  treat  of 
this  subject,  the  doctrine  of  a  plurality  of  worlds 
is  embodied  in  many  passages  of  the  sacred  xcritings ; 
and  the  language  of  the  inspired  penman  is  in  all 
cases  perfectly  consistent  with  the  idea  of  myriada 
of  worlds  existing  throughout  the  universe.  To 
illustrate  this  position,  in  a  few  instances,  is  the 
object  of  this  chapter;  and  as  the  passages  of 
Scripture  in  which  this  sentiment  is  embodied  are 
more  numerous  than  is  generally  apprehended,  I 
shall  select  only  a  few  of  tJiem  as  the  subject  of 
comment  and  illustration. 

The  first  passage  on  which  I  shall  offer  a  few 
remarks  is  Psalm  viii,  .3,  4:  "When  I  consider 
thy  heavens,  the  work  of  thy  fingers,  the  moon 
and  the  stars,  which  thou  hast  ordained;  what  is 
man,  that  thou  art  mindful  of  him!  or  the  son  of 
man,  that  thou  visitest  him!  " 

When  composing  this  hymn  of  praise  to  God, 
the  Psalmist  evidently  appears  to  have  been  con- 
templating, v.'ith  intelligence  and  pious  emotion, 
the  glories  of  the  nocturnal  sky — the  moon  walk- 
ing in  brightness  along  the  canopy  of  heaven,  and 
the  stars  and  planets  diffusing  their  luster  from 
more  distant  regions.  Viewing  those  resplendent 
orbs,  his  thoughts  seem  to  have  taken  a  flight  into 
the  regions  of  immensity,  and  by  the  guidance  of 
his  rational  powers,  and  aided  by  the  spirit  of 
inspiration,  he  takes  an  expansive  view  of  tha 
multitude,  the  magnitude,  and  the  grandeur  of 
those  magnificent  orbs  which  roll  in  the  distant 
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tracks  of  creation.  Overwhelmed  with  his  views 
of  the  immensity  of  the  universe,  and  of  the  per- 
fections and  grandeur  of  its  Creator,  he  breaks 
out  into  this  striking  exclamation,  "LordI  what 
is  7nan,  that  thou  art  mindful  of  liini!  or  the  son 
of  man,  that  thou  visitest  him!"  Survej'ing 
with  liis  intellectual  eye  the  boundless  extent  of 
God's  universal  empire,  lie  shrinks,  as  it  were, 
into  nothing,  and  seems  almost  afraid  lest  he 
should  be  forgotten  or  overlooked  amid  the  im- 
mensity of  beings  over  which  the  Divine  govern- 
ment extends.  Now,  there  could  be  no  emphasis 
or  propriety  in  this  exclamation,  if  the  inhabi- 
tants of  this  globe  were  the  only  rational  beings 
that  peopk^d  the  material  universe;  for,  if  man  is 
tlie  principal  inhabitant  of  creation,  it  could  be 
no  matter  of  wonder  and  astonishment  that  God 
should  be  "mindful  of  him,"  and  exercise  tow^ard 
him  a  special  regard  and  superintending  care. 
Such  a  minute  attention  and  affectionate  regard 
is  nothing  more  than  what  we  should  have  natu- 
rally expected.  But,  if  the  immensity  of  space 
be  diversified  with  ten  thousand  times  ten  thou- 
sand worlds,  replenished  with  rational  inhabitants, 
as  science  and  right  reason  demonstrate;  if 
the  race  of  Adam  appear  no  more  in  propor- 
tion to  the  beings  that  people  the  amplitudes 
of  creation,  than  as  a  drop  to  the  ocean,  then 
the  Divine  condescension  appears  truly  won- 
derful and  astonishing, — that,  from  the  bights 
of  his  glory  in  the  heavens,  the  Most  High  should 
look  down  with  an  eye  of  complacency  on  the 
puny  inhabitants  of  earth,  and  regard  them  with 
a  Father's  attention  and  care.  This  is  evidently 
the  leading  idea  which  the  pious  exclamation  of 
the  Psalmist  is  intended  to  convey;  and  therefore, 
if  this  globe  were  the  only  or  the  principal  abode 
of  rational  beings,  such  language  would  be  mere 
hyperbole,  or  something  approaching  to  bombast, 
which  would  be  inconsistent  with  the  veracity 
and  solemnity  of  an  inspired  writer. 

It  appears,  then,  that  the  passage  under  con- 
sideration is  not  only  consistent  with  the  doctrine 
of  a  plurality  of  worlds,  but  necessarily  embodies 
in  it  the  idea  of  the  Divine  empire  being  indefi- 
nitely extended,  and  comprising  within  its  range 
numerous  orders  of  exalted  intelligences.  It 
likewise  teaches  us,  that  while  the  Almighty  has 
diversified  the  fields  of  immensity  with  innume- 
rable worlds;  that  while  he  sits  enthroned  on  the 
magnificence  of  his  works  in  the  distant  regions 
of  his  creation,  and  governs  the  affairs  of  un- 
numbered orders  of  intellectual  existence,  he  also 
exercises  the  minutest  superintendence  over  every 
world  he  has  created,  however  diminutive  in  com- 
parison of  the  whole.  His  eye  rests  on  the  hum- 
blest and  the  minutest  of  its  objects,  and  his 
Spirit  watches  over  it  as  vigilantly  as  if  it  formed 
tlie  sole  object  of  his  physical  and  moral  adminis- 
tration; so  that  neither  man  nor  the  smallest 
microscopic  animalcuJEe  are  overlooked  amid  the 
multifarious  objects  of  the  Divine  government. 
This  is  an  attribute  peculiar  to  the  Most  High, 
■which  flows  from  the  immensity  of  his  nature 
and  tlie  boundless  knowledge  he  has  of  all  his 
works,  and  which  gives  us  a  more  glorious  and 
sublime  idea  of  his  character  than  if  his  regards 
were  confined  to  one  department  of  his  empire, 
or  to  one  order  of  his  creatures;  and  in  nothing 
is  the  Divine  Being  so  immensely  separated  from 
man,  or  from  any  other  rank  of  intelligent  exis- 
tence, as  in  the  display  he  gives  of  this  wonderful 
and  incommunicable  attribute.  By  overlooking 
this  peculiar  characteristic  of  the  Divinitj',  and 
attempting  to  compare  his  procedure  with  the 
limited  conceptions  of   our  own  minds,  we  are 


apt  to  indulge  in  very  contracted  and  erroneous 
views  respecting  his  nature  and  universal  govern- 
ment, as  well  as  in  regard  to  the  revelations  of  his 
word  and  the  dispensations  of  his  providence. 

The  next  passage  I  shall  notice  is  Isaiah  xl,  15, 
17.  "  Behold,  the  nations  are  as  a  drop  of  a 
bucket,  and  are  counted  as  the  small  dust  of 
the  balance."  "All  nations  before  Him  are  as 
nothing,  and  they  are  counted  to  him  less  than 
notiiing  and  vanity." 

In  the  chapter  from  which  these  words  are 
taken,  the  prophet  announces  deliverance  from 
tlie  captivity  of  Babylon,  and  the  approach  of 
that  period  when  •'  the  glory  of  Jehovah  shall  be 
revealed,  and  when  all  flesh  shall  see  it  together." 
— In  order  to  obviate  every  ditliculty  that  might 
seem  to  stand  in  the  way  of  the  accomplishment 
of  such  a  glorious  event,  the  prophet  describes,  in 
the  most  sublime  language,  the  perfections  and 
character  of  him  by  whose  agency  this  astonish- 
ing change  in  the  world  was  to  be  introduced. 
He  is  declared  to  be  that  Almightj'  Being  "  who 
measures  the  ocean  in  the  hollow  of  his  hand, 
who  meteth  ont  the  heavens  with  the  span,  who 
comprehendcth  the  dust  of  the  earth  in  a  measure, 
and  weigheth  the  mountains  in  scales,  and  the 
hills  in  a  balance."  The  prophet  likewise  de- 
nounces the  folly  and  wickedness  of  idolatry,  by 
exhibiting  the  character  and  operations  of  him 
whom  no  material  images,  however  splendid,  can 
ever  represent  or  adumbrate.  "  He  sitteth  on  the 
circle  of  the  sky  which  surrounds  the  earth,  and 
the  inhabitants  thereof  are  as  grasshoppers;  he 
stretcheth  out  the  heavens  as  a  curtain;  he  bring- 
eth  forth  their  host  by  number;  he  calleth  thera 
all  by  their  names,  by  the  greatness  of  his  might; 
for  that  he  is  strong  in  power,  and  there  is  no 
searching  of  his  understanding."  Among  these 
sublime  descriptions  are  contained  the  passages  i 
have  quoted, — "  Behold,  the  nations  are  as  the 
drop  of  a  bucket."  "All  nations  before  him 
are  as  nothing,"  &;c.  Such  declarations  could 
scarcely  be  made  with  propriety,  if  all  the  rolling 
orbs  of  heaven  were  destitute  of  inhabitants;  for 
then  it  would  not  be  true  that  "  all  nations  are  as 
the  small  dust  of  the  balance,"  and  that  they  are 
"counted  to  Jehovah  as  less  than  nothing  and 
vanity."  They  v/ho  deny  the  doctrine  of  a  plu- 
rality of  worlds  assume  the  position,  "that  man 
holds  the  principal  station  in  the  material  uni- 
verse;" but  were  this  the  case,  then  the  nations 
of  the  earth,  and  "  their  multitude  and  glory," 
behooved  to  be  considered  as  the  greater  portion, 
or  as  one  of  the  greater  departments  of  the  Di- 
vine empire;  and  if  so,  it  would  be  approaching 
to  extravagance  and  bombast  for  any  one  to 
declare  that  they  are  only  lUie  a  drop  compared 
with  the  ocean,  like  a  few  particles  of  dust  com- 
pared with  a  mighty  island,  or,  in  comparison 
with  other  departments,  that  "  they  are  as  nothing, 
and  less  than  nothing  and  vanity." 

We  are  here  to  consider  the  comparisons  and 
contrasts  drawn  in  those  passages  as  referring,  not 
to  Jehovah,  abstractedly  considered,  but  to  the 
manifestations  he  has  given  of  his  power,  wisdom, 
and  grandeur,  in  the  scenes  of  the  universe. 
Hence  we  are  directed  in  the  chapter  from  which 
our  quotations  are  taken,  to  "  lift  up  our  eyes  on 
high,"  and  contemplate  "  the  firmament  of  his 
power;"  to  "behold  the  hosts"  of  resplendent 
globes  which  he  lias  dispersed  throughout  the  re- 
gions of  space  "  by  the  greatness  of  his  strength," 
and  to  consider  that  the  vast  extent  of  th^  celes- 
tial spaces  have  been  "meted  out  with  a  span." 
When  the  inspired  writers  demand  from  their 
hearers  a  sentiment  of  reverence    nd  admiration. 
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they  do  not  present  to  them  metaphysical  reason- 
ings or  abstract  views  in  reference  to  the  perfec- 
tions of  Jehovah,  but  describe  tiiose  exhibitions 
of  liis  power  and  grandeur  which  are  calculated 
to  strike  the  senses  and  imagination,  and  to  excite 
the  emotion  intended.  Thus,  when  the  prophet 
Jeremiah  wished  to  impress  his  hearers  with  a 
revereiuial  sense  of  tlie  greatness  of  God,  he  de- 
scribes him  by  the  (fects  of  liis  power  and  wisdom 
as  displayed  in  his  operations.  "Who  would  not 
fear  thee,  O  King  of  nations!  He  hath  made  the 
earth  by  his  power,  he  hath  established  the  world 
by  his  wisdom,  and  hath  stretched  out  the  heavens 
by  his  discretion.  When  he  uttereth  his  voice, 
there  is  a  noise  of  waters  in  the  heavens,  and  he 
causeth  tlie  vapors  to  ascend  from  tiie  ends  of  the 
earth;  he  maketh  lightnings  with  rain,  and  bring- 
eth  the  wind  out  of  his  treasures." 

In  like  manner,  in  the  passages  under  considera- 
tion, we  are  to  consider  the  contrast  here  stated  as 
drawn,  not  between  all  nations  and  Jehovah  as 
an  abstract  Being,  whose  perfections  are  infinite  ; 
for  in  this  respect  no  comparison  can  be  made, 
but  as  drawn  between  this  earth  with  all  its  in- 
habitants, and  the  innumerable  globes  which  are 
scattered  throughout  the  regions  of  immensity. 
And  the  most  enlightened  astronomer,  after  his 
boldest  excursions  into  the  illimitable  tracks  of  cre- 
ation, could  devise  no  language  to  express  his  emo- 
tions, and  the  contrast  that  subsists  between  this 
globe  and  the  immensity  of  the  heavens,  more 
appropriate  and  energetic  than  the  passage  before 
us.  This  world,  with  "all  that  it  inherits,"  is 
here  represented  as  a  single  drop  of  water  to  the 
miglity  ocean,  or  as  a  few  particles  of  dust  to  the 
most  spacious  continents,  when  compared  with 
the  grandeur  and  immensity  of  nature  ;  yea,  to 
complete  the  contrast,  it  is  "counted  ag  nothing 
apd  less  than  nothing  and  vanity."  When  we 
survey  the  vast  globes  which  compose  the  plan- 
etary system  ;  when  we  wing  our  flight  in  imagi- 
nation to  the  starry  regions,  and  leave  the  sun  and 
all  his  attendants  behind  us,  until  they  dwindle  to 
au  undistinguishable  point:  when  we  prosecute 
our  course  through  thousands  of  nebulee,  every 
one  of  them  containing  unnumbered  suns  and 
systems ;  and  when  the  mind  is  bewildered  and 
overpowered  at  the  immensity  of  the  prospect,  we 
cannot  but  perceive  that  the  language  of  the 
prophet  is  the  most  impressive,  and  the  fittest  that 
could  have  been  selected;  that  it  is  most  emphatic, 
and  literally  true.  But  if  this  earth  were  the  prin- 
cipal part  of  God's  universe,  there  could  be  no 
propriety  in  such  language,  and  it  could  be  con- 
sidered as  allied  only  to  extravagance  and  pompous 
declamation — a  characteristic  which  ought  never 
to  be  applied  to  the  writers  of  the  sacred  records. 

We  ought  likewise  to  consider  that  the  contrast 
is  not  stated  between  the  earth  considered  merely 
as  a  material  system,  and  the  amplitudes  of  the  fir- 
mament, but  between  the  nations  of  the  earth  and 
the  innumerable  order  of  beings  which  people  the 
universe,  plainly  implying,  in  my  apprehension, 
that  unnumbered  myriads  of  intelligences  occupy 
tlie  celestial  worlds,  in  comparison  of  which  all 
who  now  dwell  upon  the  earth,  or  who  have  occu- 
pied its  surface  since  time  began,  are  only  as  a 
drop  to  the  ocean.  The  passage  before  us  may 
tlierefore  be  considered  as  al  nost  a  direct  intima- 
tion of  a  plurality  of  worlc'j;  and,  if  it  could  be 
proved  that  no  other  wo  ids  existed,  I  should 
scarcely  consider  the  strong  language  here  used 
as  the  dictate  of  inspiration;  but  when  we  consid- 
er what  appear  to  be  the  true  references  of  the 
prophet's  luiiguasre,  and  the  magnificent  ideas 
it  suggests,  it  confi-ys  the   most  glorious  and  sub- 


lime conceptions  of  the  grandeur  of  "the  high 
and  lofty  One  who  inhabiteth  eternity,"  aua 
whose  presence  fills  tlu5  immensity  of  creation. 

Tlie  next  passage  I  shall  adduce  in  sujjport  of 
the  jjosition  uniier  consiJeration,  is  Nehemiah  ix, 
6:  "Thou,  even  thou,  art  Lord  alone;  thou  hast 
made  heaven,  the  heavf.n  of  hkavens.  with  all 
their  host,  the  earth,  and  all  things  that^are  there- 
in, the  seas,  and  all  that  is  therem,  and  thou  pre- 
servest  them  all ;  and  the  host  of  heaven  wor- 
shipeth  thee." 

Here  the  Most  Iliffh  is  represented,  not  by  a 
metaphysical  exhibition  of  his  infinity,  eternity, 
and  omnipotence,  ab.stractedly  considered,  but  by 
the  manifestatifrns  he  has  made  of  himself  in  hia 
wonderful  operations,  both  in  heaven  and  on  earth; 
and  this  is  the  general,  I  may  say  universal,  mode 
in  which  the  sacred  writers  exhibit  the  character 
and  perfections  of  the  Deity.  "Thou  hast  made 
heaven,  the  heaven  of  heavens,  with  all  their 
hosts."  By  "  heaven"  is  here  to  be  understood 
the  visible  firmament,  with  all  the  stars  and  ])lan- 
ets  perceptible  by  the  human  eye,  which  is  the 
sense  in  which  the  term  heaven  is  generally  taken 
when  God  is  represented  as  its  Creator.  The  "hea- 
ven of  heavens"  is  an  expression  which  is  worthy 
of  particular  attention,  and  evidently  includes  in 
it  an  idea  far  more  extensive  and  sublime  than 
what  most  readers  generally  attach  to  it.  It  evi- 
dently intimates  that,  far  beyond  the  visible  starry 
heavens  which  we  behold,  there  are  unnumbered 
firmaments,  composed  of  other  stars  and  systems 
stretching  out  toward  infinity  on  either  hand, 
and  which  mortals  in  their  present  state  will  never 
be  able  to  descry.  We  have  already  attained  some 
glimpses  of  such  firmaments.  More  than  a  hun- 
dred millions  of  stars,  in  addition  to  those  distin- 
guishable by  the  naked  eye,  are  within  the  reach 
of  the  telescope,  if  all  the  regions  of  the  sky  were 
by  this  instrument  thoroughly  explored.  We  be- 
hold several  hundreds,  and  even  thousands  of  ne- 
hul(B  in  different  spaces  of  the  heaA^ens,  each  of 
them  consisting  of  thousands  of  stars,  which 
would  form  a  firmament  as  glorious  and  expansive 
as  that  which  appears  to  a  common  observer  in 
the  midnight  sky;  so  that  were  we  removed  fi'ora 
one  of  those  nebulas  to  another,  we  should  behold 
at  every  stage  a  new  firmament,  composed  of  stars 
or  other  luminaries  altogether  different  froiii  what 
we  had  seen  before,  or  from  what  we  perceive  In 
the  firmament  which  is  visible  from  our  globe.— 
These  facts,  which  have  been  brought  to  light  by 
the  discoveries  of  modern  astronomy,  while  they 
display  the  infinite  power  and  grandeur  of  the 
Divinity,  serve  likewise  to  illustrate  many  of  the 
declarations  of  his  word,  and  particularly  such 
expressions  as  that  before  us, — "  the  heaven  of 
heavens,"  the  boundless  empire  of  the  "King 
eternal  and  invisible,"  in  which  he  reigns  over 
unnumbered  intelligences.  The  same  etnphutical 
expression  is  used  in  the  prayer  of  .Solomon  at  tlie 
dedication  of  the  temple:  "But  will  God  in  very 
deed  dwell  on  earth?  Behold,  the  heaven  and 
heaven  of  heavens  cannot  contain  tlieel"  imply- 
ing that  far  beyond  the  range  of  the  mutfriul 
universe,  vast  and  extensive  as  it  is,  the  great  Je- 
hovah resides  in  the  glory  of  his  invisible  attri- 
butes, filling  immensity  with  his  presence. 

By  "  </ie  host  of  heaven''''  is  doubtless  to  he  un- 
derstood the  inhabitants  of  those  numerous  worlds 
and  vast  regions  here  designated  by  the  most  em- 
phatic expression  which  could  be  selected,  "  tlw 
heaven  of  heavens  ;"  intimating  that  the  same 
Almighty  Being  who  launched  into  existence  thoso 
innumerable  globes  also  rei)lenished  them  with 
countless  orders  of  intelligent  existence,  capable 
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of  enjoying  his  bounty,  and  offering  to  him  a 
tribute  of  adoration.  Hence  it  is  iiere  declared, 
"tiie  host  of  heaven  worshipeth  tliee  ;"  evidently 
inplying,  if  there  is  any  rational  idea  to  be  elicited 
frointhe  passage,  that  the  bodies  which  compose 
»'  the  heaven  of  heavens"  are  occupied  with  in- 
haltitants ;  tiiat  these  inhabitants  are  endowed 
with  capacious  powers  of  intellect;  that  their 
numbers  correspond  with  tlie  amplitude  of  the 
regions  which  they  occupy  ;  that  most,  if  not  all 
of  them,  are  invested  with  the  attribute  of  moral 
perfection,  and  are  consequently  in  a  state  of  hap- 
piness ;  that  they  employ  their  faculties  in  con- 
templating the  perfections  and  operations  of  their 
Creator  ;  and  that  they  magnify  and  adore  him  in 
the  loftiest  strains,  as  the  center  and  source  of  all 
their  felicity  :  all  which  appears  to  be  implied  in 
the  passage,  "  the  host  of  heaven  worshipeth 
thee."  For  no  being  can  with  propriety  be  said 
to  worship  Jehovah,  unless  such  as  are  endowed 
with  moral  and  intellectual  powers,  capable  of 
appreciating  his  |)erfections,  as  displayed  in  the 
universe,  and  of  perceiving  that  he  is  worthy  of 
all  homage  and  adoration.  In  accordance  with 
such  views  the  Psalmist,  when  liis  soul  was  in- 
spired with  the  higher  strains  of  devotion,  in  a 
sublime  apostrophe,  calls  upon  the  whole  intelli- 
gent universe  to  adore  the  name  of  Jehovah  : — 
"  Praise  ye  Jehovah  from  the  heavens  ;  praise  him 
ye  heaven  of  heavens," — or,  ye  inhabitants  of 
those  higher  regions, — "  praise  him,  all  ye  his 
angels ;  praise  him,  all  ye  his  hosts.  Let  them 
praise  the  name  of  the  Lord,  for  his  name  alone 
is  exalted,  and  his  glory  is  above  the  earth  and 
heaven."  If  therefore  there  were  no  other  worlds 
than  that  on  which  we  dwell,  such  magnificent 
expressions  would  lose  all  their  sublimity,  would 
be  almost  without  meaning,  and  might  be  regarded 
rather  as  the  turgid  exclamations  of  an  enthusiast 
than  as  the  sober  dictates  of  inspiration.  But 
when  we  take  into  view  the  immensity  of  the 
universe,  and  the  numerous  worlds  and  beings  it 
contains,  such  expressions,  though  among  the 
strongest  which  human  language  can  furnish,  fall 
far  short  of  communicating  the  lofty  ideas  they 
are  intended  to  represent. 

Such  passages  as  the  following  may  likewise  be 
considered  as  embodying  views  of  the  same  de- 
scription:— Psalm  ciii,  19, — "  The  Lord  hath  pre- 
pared his  THRONE  in  the  heavens  ;  and  his  king- 
dom ruleth  over  all." 

This,  along  with  a  number  of  similar  passages 
interspersed  throughout  the  Scriptures,  evidently 
implies  tiiat  the  heavens  form  the  principal  part  of 
the  Divine  empire,  compared  with  which,  this 
earth  is  but  as  a  point,  and  "  all  its  inhabitants 
reputed  as  nothing."  They  are  represented  as 
the  chief  and  appropriate  residence  of  Jehovah, 
where  he  dis|)lays  the  glory  of  his  perfections  to 
unnumbered  intelligences.  Hence  he  is  declared 
to  have  ''established  his  throne  in  the  heavens," 
intimating,  that  it  is  in  those  higher  and  more 
expansive  regions  that  the  principal  arrangements 
of  his  government  have  been  made,  that  the  be- 
neficence and  rectitude  of  his  character  are  mani- 
fested, and  that  the  grandeur  of  his  moral  admin- 
istration is  most  extensively  displayed.  But  it  is 
evident,  that  where  there  are  no  intellectual  be- 
ings, there  can  be  no  moral  government ;  and 
therefore,  if  the  Almighty  has  a  government  in 
the  heavens,  these  heavens  must  be  peopled  with 
beings  endowed  with  moral  and  intellectual  facul- 
ties, capable  of  being  the  subjects  of  a  moral  ad- 
ministration. To  suppose  a  government  without 
subjects,  is  evidently  preposterous  and  absurd.  It 
is  added,  "  His  kingdom  ruleth  over  all."    Where- 


ever  these  expansive  heavens  extend,  and  however 
numerous  and  august  the  worlds  and  sj'siema 
which  lie  within  their  range,  they  are  all  under  the 
superintendence  and  sway  of  the  Divine  govern  ■ 
ment,  which  extends  its  care  and  moral  energies 
over  the  remotest  regions  of  the  universe.  But 
as  there  can  be  no  kingdom  without  rational  and 
moral  subjects,  tVierefore,  wherever  the  kingdom 
of  Jehovah  extends  throughout  the  illimitable 
spaces  of  immensity,  there  must  be  myriiids  of 
beings  endowed  with  rational  and  moral  natures. 
Similar  remarks  might  be  made  upon  such  decla- 
rations as  the  following:  "The  Lord,  he  is  God 
in  the  heaven  above,"  intimating  his  rule  or  do- 
minion over  the  worlds  on  high:  "Behold  the 
heaven  and  the  heaven  of  heavens  is  the  Lord  thy 
God's,"  intimating,  likewise,  that  he  presides  in 
high  authority  over  all  the  beings  they  contain; 
"Thine,  O  Lord,  is  the  greatness,  and  the  glory, 
and  the  mujesty;  for  all  in  heaven  and  in  earth  is 
thine.  Thine  is  the  kingdom,  O  Lord,  and  thou 
art  exalted  above  all;"  "  Heaven  is  my  throne  and 
the  earth  is  my  footstool;"  "His  kingdom  is. an 
everlasting  kingdom;"  "  His  dominion  is  an  ever- 
lasting dominion;"  and  "  He  doeth  according  to 
his  will  in  the  army  of  heaven,  and  among  the  in- 
habitants of  the  earth."  All  these,  and  similar 
passages,  imply  rule  and  dominion  over  the  inhab- 
itants of  the  heavens;  and  consequently  intimata 
that  the  celestial  worlds  are  occupied  by  the  sub- 
jects of  the  Divine  govcnunent.  It  is  not  impro- 
bable that  the  expression  which  so  frequently  oc- 
curs in  Scripture,  "  The  Lord  of  hosts,' '  or  the 
Lord  of  armies,  has  a  particular  reference  to  the 
universal  dominion  of  Jehovah  over  the  counllesa 
myriads  which  people  the  distant  regions  of  crea- 
tion. 

Psalm  cxlv,  9:  "The  Lord  is  good  to  all;  and 
his  tender  mercies  erre  over  all  his  works." 

The  goodness  of  God,  in  innumerable  modes 
and  instances,  is  displayed,  not  only  toward  man, 
but  to  all  the  diversified  orders  of  animated  exist- 
ence in  this  lower  world.  But  it  is  not  confined 
to  this  terrestrial  sphere,  but  is  diffused  wherever 
his  wisdom  and  omnipotence  have  prepared  hab- 
itations for  sensitive  and  intellectual  beings. 
Hence  it  is  here  declared,  that  "his  tender  mer- 
cies," or  the  emanations  of  his  goodness  and  be- 
neficence are  diffused  "over  all  his  icorA:s;"  imply- 
ing that  throughout  the  whole  range  of  the 
material  system,  however  far  it  may  extend,  the 
beneficence  of  the  Deity  is  displayed  to  numerous 
ranks  of  his  sensitive  and  intelligent  offspring; 
for  unless  such  beings  exist  throughout  all  places 
of  his  vast  dominions,  there  could  be  no  scope  for 
the  exercise  of  his  benevolence,  and  of  course,  it 
could  not  be  said,  with  propriety,  to  extend  "over 
all  his  works."  In  the  same  point  of  view  we 
may  consider  an  analogous  expression  in  Psalm 
cviii,  and  other  places  of  Scripture, — "Thy  mercy 
is  great  above  the  heavens;"  or,  as  Mr.  Locke 
translates  it,  "Great  is  thy  bounty  above  the  hea- 
vens;^' an  expression  vvhich  leads  us  to  conclude, 
tiiat  far  beyond  these  visible  heavens  which  the 
unassisted  eye  beholds,  and  even  beyond  the 
reach  of  all  the  orbs  which  the  telescope  has  en- 
abled us  to  descry,  the  Divine  goodness  shines  in 
rich  manifestations,  diffusing  felicity  and  ecstatic 
joy  among  unnumbered  legions  of  happy  exist- 
ence; for  "bounty"  or  "  goodness,"  can  have  a 
relation  only  to  such  beings. 

In  the  following  passage  of  Psalm  cxiv,  10- 
1.3,  it  is  declared,  "  All  thy  works  shall  praise 
thee,  0  Lord,  and  thy  saints  shall  bless  thee.' — 
They  shall  speak  of  the  glory  of  thy  kingdom, 
and  talk  of  thy  power;  to  make  known  to  the 
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sons  of  men  his  mighty  acts,  and  the  glorious 
majesty  of  his  kingdom.  Thy  kingdom  is  an 
everlasting  kingdom,"  &c. 

This  passage  may  be  considered  as  embodying 
a  prediction  that  in  tlie  future  ages  of  the  church 
men  of  piety  will  acquire  more  elevated  and  com- 
prehensive views  of  the  extent  and  the  grandeur 
of  the  universal  kingdom  of  Jeiiovah,  and  will 
display  a  more  enlightened  zeal  than  in  ages  j)ast, 
in  exhibiting  to  their  fellow-men  the  angust  ope- 
rations of  Omnipotence,  and  the  inagniticence  of 
that  empire  over  which  the  Most  High  jn-esides.' — 
•'They  shall  speak  of  the  glory  of  Jeliovah's  king- 
dom, and  talk  of  liis  power."  If  this  kingdom 
were  chiefly  contined  to  the  evanescent  speck  of 
earth  on  which  we  live,  it  would  scarcely  be 
worthy  of  the  epithets  wliich  are  here  bestowed 
upon  it.  It  is  a  kingdom  of  glory  ;  it  is  a  king- 
dom in  which  are  displayed  mighty  acts  or  opera- 
tions ;  it  is  a  kingdom  of  glorious  majesty;  it  is  a 
kingdom  in  which  are  displayed  "power,"  and 
"greatness  which  is  unsearchable;''  it  is  a  "king- 
dom of  all  ages,"  and  its  administration  will  be 
carried  forward  tliroughout  all  the  revolutions  of 
eternity — "  thy  kingdom  is  an  everlasting  king- 
dom." Were  its  government  conducted  chiefly 
in  reference  to  earth  and  its  inhabitants,  such 
descriptions  of  its  grandeur  could  scarcely  be  ex- 
pected from  inspired  writers,  nor  would  such  a 
limited  kingdom  correspond  to  the  majesty  of  an 
infinite,  omnipotent,  and  eternal  Being,  who  has 
the  range  of  immensity  as  the  theater  of  his  ope- 
rations. But  when  we  contemplate  the  universal 
kingdom  of  Jehovah  extending  throughout  the 
unlimited  regions  of  space;  when  we  behold  it 
filled  with  worlds  of  immense  magnitude,  and 
with  systems  of  worlds  in  such  a  multitude  and 
variety  that  no  man  can  number  them,  we  per- 
ceive at  once  that  such  a  kingdom  warrants  the 
application  of  such  \ohy  epitliets  and  expressions 
as  are  here  used;  that  it  is  indeed  a  kingdom  dis- 
playing omnipotent  "power,"  and  " greatness un- 
Bearchable;"  that  it  is  connected  with  "mighty 
operations;"  that  it  is  invested  with  "  glorious  ma- 
jesty;" and  that  it  is  worthy  of  everlasting  duration. 
But  as  the  idea  of  a  kingdom  necessarily  includes 
subjects,  and  as  the  multitude  of  subjects  consti- 
tute the  chief  glory  of  an  empire,  so  we  must 
necessarily  admit  that  all  the  provinces  of  this 
celestial  kingdom  are  replenished  with  inhabitants, 
or  in  other  words,  sm6;>c;s  of  the  Divine  govern- 
ment; without  which  it  could  have  no  "glory" 
nor  "majesty,"  nor  could  it  with  propriety  be  en- 
titled to  the  designation  of  a  "  kingdom." 

Such  passages  as  the  following  may  likewise 
be  considered  as  corroborating  the  preceding  po- 
sitions :  Psalm  cxiii,  4— G,  "Who  is  like  unto 
the  Lord  our  God,  who  dwelleth  on  high?  The 
Lord  is  high  above  all  nations,  and  his  glory  above 
the  heavens.  He  humbleth  himself  to  behold  the 
things  that  are  in  heaven  and  in  the  earth."  "  Thy 
goodness  is  great  above  the  heavens,  and  thy  truth 
reacheth  to  the  skies.  Thou  are  exalted,  0  God, 
above  the  heavens,"  &c. 

These  passages,  and  others  of  a  similar  import, 
embody  the  general  idea  that  the  omnipotence  and 
grandeur  of  the  Divinity  are  displayed  in  regions 
far  beyond  that  firmament  which  is  visible  from 
our  globe  by  common  observers,  yea,  beyond  the 
utmost  limits  to  which  telescopic  discoveiies  have 
conducted  us;  for  "  his  glory  is  above,"  or  beyond 
"these  heavens."  And  if  nothing  but  empty 
space  existed  beyond  these  limits,  or  mere  matter 
Without  mind,  it  could  scarcely  be  said  that  the 
Divine  gloi-y  is  dis])!ayed  beyond  these  heavens. 
It  is  further  stated  that  the  glory  of  the  Almi'^htv 


is  so  expansive,  and  that  his  universal  kingdom 
extends  through  regions  so  immeasurably  distant 
that  he  may  be  said,  speaking  after  the  manner 
of  men,  "to  humble  himself  when  he  beholds  <Ae 
objects  in  the  heavens"  which  lie  within  our  obser- 
vation. This  declaration  contains  not  only  a 
sublime  representation  of  the  magnificence  of  the 
Divine  nature  and  operations,  but  appears  to  me 
to  tmbody  in  it  a  demonstration  of  what  we 
formerly  asserted  as  highly  probable — namely,  that 
that  portion  of  the  universe  which  lies  within  the 
range  of  telescojjic  vision,  and  which  contains  so 
many  millions  of  splendid  suns  and  systems,  is 
but  a  small  part  of  the  universal  kingdom  of  Je- 
hovaii,  compaied  with  what  lies  beyond  the  utmost 
boundaries  of  human  vision;  for  he  is  here  re])re- 
i^ented  as  humbling  himself  when  he  looks  down 
Irom  the  remoter  glories  of  his  empire  on  all  that 
is  visible  to  the  view  of  mortals.  To  the  same 
purpose  is  the  pious  exclamation  of  the  Psalmist 
in  the  Sth  Psalm  :  "  O  Lord,  our  Lord,  how  excel- 
lent is  thy  name  in  all  the  earth  !  u-ho  hast  set  thy 
glory  above  the  heavens!  "  And  if  the  glory  of 
the  Divinity  be  manifested  in  regions  far  beyond 
the  visible  firmament,  we  may  rest  assured  that 
it  consists  in  displaying  his  perfections,  and  com- 
municatiiiig  happiness  to  inniimerable  orders  of 
rational  beings,  who  are  the  subjects  of  his  moral 
government. 

I  shall  only  further  offer  a  few  cursory  remarks 
on  the  following  passages  : — Psalm  xix,  1,  "  The 
heavens  declare  the  glory  of  God,"  &c.  The 
word  glory  in  this  and  similar  passages,  when  ap- 
plied to  the  Divinity,  denotes  the  display  of  his 
wisdom,  goodness,  omnipotence,  and  other  attri- 
butes. The  heavens,  with  all  the  host  of  rolling 
orbs  which  they  contain,  are  here  declared  to 
manifest  the  "glory,"  or  the  infinite  perfections, 
of  Hiin  who  formed  them.  The  number  and 
magnitude  of  the  opaque  and  luminous  globes 
contained  witliin  the  vast  expansion  of  these  hea- 
vens, and  their  astonishingh'  rapid  motions,  evi- 
dently proclaim  his  omnipotence ;  but  if  those 
bodies  accomplished  no  end  corresponding  to  the 
extent  and  grandeur  of  the  means  employed  ;  if 
they  were  all  so  iiuuiy  expansive  deserts,  without 
any  relation  to  intellectual  existence,  they  could 
afford  no  evidences  of  wisdom  and  beneficence, 
and  consequently  could  not  be  said,  with  any 
show  of  reason,  to  "declare  the  glory  of  God." 
In  the  visions  recorded  in  the  Book  of  Revelation, 
the  celestial  inhabitants  are  represented  as  falling 
down  before  tlie  throne  of  the  Eternal  in  acts  of 
adoration,  and  proclaiming,  "  Thou  art  worthy, 
O  Lord,  to  receive  glory,  and  honor,  and  power; 
for  thou  hast  created  all  things."  And  in  another 
scene  they  are  introduced  as  celebrating  with 
rapture  the  Divine  operations  :  "  Great  and  mar- 
velous are  thy  works.  Lord  God  Almighty." — 
"  Blessing,  and  glory,  and  wisdom,  and  thanks» 
giving,  and  honor,  and  power,  be  unto  our  God 
for  ever  and  ever."  Similar  remarks  to  the  above 
might  be  made  in  reference  to  these  ascriptions 
of  praise  and  adoration.  If  creation  were  a  kind 
of  chaos,  or  wilderness  void  of  inhabitants,  and 
if  wisdom,  design  and  goodness  were  not  display- 
ed in  the  Divine  arrangements,  there  would  be 
little  to  excite  the  admiration  and  devotional  rap- 
ture of  superior  intelligences;  and  they  could  not 
be  said  with  propriety  to  ascribe  tvisdom.,  and 
glory,  and  thanksgiving  to  God,  while  they  beheld 
no  display  of  some  of  these  attributes  in  the 
mightiest  of  his  works.  But  we  are  told  in  vnrioua 
passages  of  Scripture  that  the  Most  High  "estab- 
lished the  world,"  or  the  universe,  "by  liia 
wisdom,    and   stretched   out  the  heavens  by  hia 
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nnderstanding."  In  Psalm  cxlvii,  4,  it  is  de- 
clared— '-He  telleth  the  number  of  the  stars;  he 
calleth  them  all  by  their  names."  It  is  evident 
that  we  are  not  to  consider  this  declaration  as  ex- 
pressive merely  of  an  arithmetical  idea  or  some- 
thing similar  to  the  practice  of  an  astronomer, 
who  distinguishes  the  stars  by  certain  letters,  char- 
acters or  appellations;  but  as  expressive  of  the 
intimate  knowledge  which  the  Almiglity  has  of 
all  those  mighty  orbs  wherever  dispersed  tlirough- 
out  the  regions  of  infinitude,  and  likewise  his 
perfect  acquaintance  with  all  the  intellectual 
beings,  and  the  special  arrangements  connected 
witli  every  one  of  them — a  circumstance  which 
conveys  a  most  sublime  idea  of  the  omniscience  and 
omnipresence  of  the  Deity.  Hence,  in  tjie  words 
immediately  following,  the  mind  of  the  Psalmist, 
overpowered  with  this  idea,  bursts  forth  in  this 
exclamation,  "  great  is  our  Jehovah,  and  of  great 
power;  his  understanding  is  infinite." 

In  the  Epistle  to  the  Hebrews,  chapter  i,  2,  and 
xi,  3,  a  plurality  of  worlds  is  declared:  "Through 
faith  we  understand  that  the  worlds  were  fiamed 
by  the  word  of  God,  and  that  the  things  which 
are  seen  were  not  made  of  things  tiiat  do  appear." 
The  Greek  word  olioiv,  in  this  passage,  is  some- 
times used  to  denote  an  aije  or  dispensation,  but 
is  also  frequently  used  to  designate  the  material 
world;  in  which  sense  it  must  be  taken  in  the 
passage  before  us,  as  is  evident  from  its  con- 
nection, and  from  the  subject  on  which  the  apostle 
is  treating.  It  is  to  the  visible  or  materia!  world 
that  our  attention  is  here  directed  as  having  been 
produced  from  an  invisible  cause.  The  term 
eumva.i  being  used  in  the  plural  number,  evidently 
intimates  that  there  are  more  worlds  than  one, 
and  that  there  may  be  thousands  or  millions;  but, 
independently  of  this  direct  intimation  of  a  plu- 
rality of  worlds,  the  passages  formerly  quoted, 
when  viewed  in  a  proper  light,  and  considered  in 
all  their  references  and  bearings,  may  be  consi- 
dered as  conclusive  proofs  of  the  same  position, 
and  as  intimating  to  us,  not  simply  a  plurality  of 
worlds,  but  extending  our  views  of  their  number 
and  magnificence  as  far  as  science  has  yet  con- 
ducted us,  and  even  beyond  the  range  of  astrono- 
mical discovery;  for  we  are  told  that  the  Divine 
perfections  are  displayed  "  above,"  or  beyond, 
the  utmost  range  of  •'  the  visible  heavens." 

Many  other  passages  beside  the  above  might 
have  been  pointed  out  as  bearing  on  the  same 
subject,  but  the  remarks  already  made  on  the  pas- 
sages which   have  been  selected  may  serve  as  a 


key  to  illustrate  many  others,  as  they  happen  to 
occur  to  the  intelligent  student  of  the  Scriptures. 
We  read,  for  example,  of  the  Almighty  "  operat- 
ing, by  his  moral  government  and  arrangements," 
"among  the  army,"  or  armies,  "of  heaven," 
as  well  as  "  among  the  inhabitants  of  the  earlli;" 
and  that  the  whole  population  of  our  world  "  is 
reputed  as  nothing  in  his  sight."  We  find  in 
diflerent  portions  of  the  psalms,  the  inhabitants  of 
the  heavens,  and  "  the  heaven  of  heavens" — the 
•'  angels  who  excel  in  strength" — "  all  his  iiosts," 
or  legions  of  intelligences,  "  in  all  places  of  his 
dominions,  who  do  his  pleasure,  hearkening  to 
the  voice  of  his  word," — we  find  all  tliese  ranks 
of  beings  called  upon  to  join  in  one  united  chorus 
of  praise  and  thanksgiving  to  "Him  whose  name 
alone  is  exalted,  and  whose  glory  is  above  the 
earth  and  heaven."  We  read  in  the  Book  of 
Job,  among  many  other  descriptions  of  the  gran- 
deur of  the  Deity,  that  "  by  his  spirit  he  gar- 
nished the  heavens;"  and  that  the  astonishing 
displays  of  his  omnipotence  they  contain  "  aro 
but  parts  of  his  ways,"  and  that  "  the  thunder  of 
his  power  none  can  understand."  All  of  which 
representations,  and  many  others,  may  be  con- 
sidered as  embodying  the  idea,  not  only  of  a  plu- 
rality, but  of  myriads  of  worlds  existing  in  the 
universe. 

There  is  one  general  remark  which  may  be  ap- 
plied to  all  that  we  have  stated  in  this  chapter, 
and  that  i& — It  is  not  necessary  to  suppose  that  the 
inspired  writers  had  revealed  to  them  all  the  wonders 
of  modern  astronomy.  They  appear,  in  some  in- 
stances, to  have  been  ignorant  of  the  precise  mean- 
ing and  the  extensive  references  of  the  language 
they  used.  The  prophets  are  said  to  have  "  in- 
quired and  searched  diligently  what  manner  of 
time  the  spirit  of  Christ  which  was  in  them  did 
signify,  when  it  testified  beforehand  the  suffer- 
ings of  Christ  and  the  glory  that  should  follow;" 
intimating  that  they  were  partly  unacquainted 
with  the  precise  references  of  the  predictions 
they  uttered.  They  were  only  the  amanuenses 
of  the  Divine  Spirit,  and  were  directed  to  such 
language  as  was  accordant  with  the  Divine  eco-  . 
nomy  and  with  the  facts  existing  in  the  universe, 
although  they  themselves  might  not  be  aware  of 
the  grandeur  of  those  objects  to  which  their  ex- 
pressions referred;  and  the  correspondence  of 
their  language  with  the  phenomena  of  the  hea- 
vens and  the  earth,  and  the  discoveries  of  modern 
times,  constitutes  cue  evidence  among  others  of 
the  truth  of  Divine  Revelation. 


CHAPTER    XVIII. 


ON  THE  PHYSICAL  AND  MORAL  STATE   OF  THE  BEINGS  THAT  MAY  INHABIT 

OTHER  WORLDS. 


On  the  enunciation  of  this  topic,  some  readers 
will  probably,  be  apt  to  surmise,  that  the  author 
is  attempting  to  go  beyond  the  range  of  subjects 
within  which  the  human  understanding  should 
be  confined.  We  have  never  seen  the  inhabitants 
of  other  worlds;  we  have  been  favored  with  no 
special  revelations  respecting  them;  we  have  not 
even  caught  a  glimpse  of  the  peculiar  scenery  of 
the  globes  in  which  they  reside,  excepting  a  few 
portions  of  their  celestial  plienomena;  and  while 
we  are  chained  down  by  tlie  law  of  gravitation  to 


this  sublunary  sphere,  we  cannot  fly  on  the 
wings  of  a  seraph  to  visit  any  of  the  distant  orbs 
of  the  firmament.  It  is  true,  that  on  such  a  sub- 
ject we  cannot  attempt  to  descend  into  particu- 
lars. But  there  are  certain  general  and  admitted 
principles  on  which  we  may  reason,  and  there  are 
certain  phenomena  and  indications  of  design  ex- 
hibited in  the  structure  of  the  universe  from 
which  certain  general  conclusions  may  be  de- 
duced; beyond  such  generalities  I  do  not  intend 
to  proceed,   nor  to   indulge  in  vain  conjecture. 
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There  are  many  things  of  wiiich  we  have  ac- 
quired a  certain  dejjree  of  knowledge,  and  yet 
havu  never  seen.  We  do  not  see  the  air  we 
breathe,  nor  most  of  tlie  gaseous  liuids;  we  do 
not  see  tlie  principle  of  life,  or  the  rational  spirit 
which  animates  our  bodies;  we  cannot  possibly 
Kee  the  Divine  Being,  although  his  presence  per- 
vades all  space.  But,  in  rt'gan!  to  all  these  objects, 
we  have  acquired  a  certain  degree  of  information; 
and  tiierefore,  although  we  have  never  seen  any 
of  the  inhabitants  of  other  planets,  and  never  will 
60  long  as  we  remain  in  our  present  abode,  yet 
we  may  form  some  general  conceptions  respect- 
ing them,  both  as  to  their  physical  and  moral  state. 
All  that  I  jiropose  on  this  point  may  be  compre- 
hended under  the  following  general  remarks: 

1.  The  planets,  wherever  they  exist,  in  our 
own  or  in  other  systems,  are  inhabited  by  sentient 
beings.  The  formation  of  material  fabrics,  such 
as  all  the  planetary  bodies  are,  necessarily  indi- 
cate that  beings  connected  with  material  vehicles 
and  organs  of  sensation  were  intended  to  inhabit 
them.  The  arrangements  for  the  ditfusion  of 
light,  heat,  and  the  influence  of  the  power  of  at- 
traction, and  other  material  agencies,  evidently 
show  that  such  agents  were  intended  to  act  on 
beings  formed  with  organical  parts  and  functions, 
capable  of  being  the  recipients  of  impressions  from 
them.  All  such  beings,  therefore,  must  be  consi- 
dered as  furnished  with  bodies  constructed  with 
organical  parts  analogous  to  what  we  find  in  man 
or  other  animated  beings  on  our  globe;  but  the 
size  and  form  of  such  bodies,  the  parts  of  which 
they  are  composed,  the  functions  they  respectively 
perform,  their  symmetry  and  decoration,  and  their 
powers  of  locomotion,  may  be  very  different  from 
those  which  obtain  in  our  sublunary  world;  and 
it  is  not  unlikely,  from  a  consideration  of  the 
tariety  which  exists  in  the  universe,  that  there  is 
a  certain  difference,  in  these  and  other  resjjects, 
in  every  planet  and  world  that  exists  throughout 
immensity. 

2.  The  principal  inhabitants  of  the  planets  and 
other  worlds  are  not  merely  sensitive  beings,  but 
are  likewise  endowed  with  inteUectual  faculties. 
This  may  be  inferred  from  the  scenery  connected 
with  their  habitations.  Connected  with  the  planet 
Jupiter,  we  behold  four  splendid  moons,  larger 
than  ours,  performing  their  revolutions  around  it 
in  regular  periods  of  time,  without  the  least  devia- 
tion from  their  courses.  The  general  aspect  of 
these  moons,  their  diversified  phases  and  rapid 
changes,  along  with  their  frequent  eclipses,  must 
produce  a  sublime  and  variegated  appearance  in 
the  nocturnal  sky  of  that  planet;  while,  from  the 
surface  of  the  moons  themselves,  the  still  more 
splendid  appearance  of  Jupiter  and  the  phases  of 
the  other  moons  will  pj-esent  a  nocturnal  scene 
of  peculiar  sublimity  and  magnificence.  Con- 
nected with  the  planet  Saturn,  we  find  scenes  still 
more  august  and  diversified;  beside  seven  large 
moons,  two  resplendent  rings  of  vast  extent  sur- 
round the  body  of  this  planet,  producing  the  most 
sublime  and  diversified  phenomena,  both  to  the 
planet  itself  and  to  all  its  sat^'llites,  adorning  the 
firmaments  of  those  bodies  with  a  splendor  and 
magnificence  of  which  we  can  form  but  a  faint 
conce|>tiou.*  Were  we  permitted  minutely  to 
inspect  the  surfaces  of  these  planets,  we  should 
doubtless  find  many  beautiful  arrangem-nts  in  the 
acenery  of  nature  with  which  they  aro  adorned, 
probably  far  surpassing  in  picturesque  variety  and 
grandeur  what   appears   on   the   surface  of    our 


•  For  a  particalar  description  of  the  scenes  here  alluded 
M,  the  leader  is  referred  to  "  Celestial  Scenery',"  clr.p.  vii; 


globe.  Wiien  we  inspect  the  surface  of  the  moon 
through  a  good  telescope,  we  beliold  a  beautiful 
diversity  cf  extensive  plains,  of  lofty  mounlaius, 
in  every  variety  of  size  and  form — of  plains  and 
valleys  surrounded  with  circJar  ram])arts  of  hiiis 
— of  mountains  towering  far  above,  anu  vales  and 
caverns  sinking  far  below  the  general  level  of  the 
lunar  surface,  with  many  other  varieties;  and  we 
have  only  to  sujjpose  the  general  surface  of  that 
orb  adojiied  with  vegetable  productions  somewhat 
analogous  to  those  of  our  globe,  in  orrn-r  to  present 
a  scene  of  picturesque  beauty  and  magnificence. 

Now,  it  appears  a  natural,  if  not  a  necessary 
conclusion,  tliat  such  grand  and  beautiful  serines 
could  only  be  intended  for  the  coiilem}iiatii)n  and 
enjoyment  of  beings  endowed  with  rational  na- 
tures, since  mere  sentient  beings,  such  as  the 
lower  animals  in  our  wojld,  are  insensible  either 
to  the  beauties  of  the  vegetable  king.iom  or  the 
glories  of  the  spangled  firmament.  If  our  globft 
had  been  created  merely  for  the  support  <d'  such 
beings,  it  is  not  probable  that  it  would  liave  been 
adorned  with  all  the  beautiful  arrangements  which 
now  exist,  and  the  splendid  and  diversified  scenes 
with  whicli  it  is  furnished.  The  lion,  the  tiger, 
and  the  hyena  find  every  accommodation  they 
desire  in  dens,  deserts,  thickets,  and  forests;  and 
they  appear  to  feel  no  peculiar  enjoyment  in 
flowery  fields,  expansive  lakes,  beautiful  land- 
scapes, or  the  sublimities  of  a  starry  firmamentr 
If,  then,  there  were  no  rational  intellig-.'uces  in 
the  planetary  worlds,  we  cannot  suppose  tiiat  so 
many  grand  a-id  magnificent  arrangements  as  wo 
find  existing  would  have  been  made;  particularly, 
we  cannot  suppose  that  the  motions  of  the  planets 
and  their  satellites  would  have  been  so  accurately 
adjusted  as  to  perform  their  revolutions  vvith  so 
much  precision  as  we  find  they  do.  The  regu- 
larity and  precision  of  these  motions  are  evidently 
intended  to  serve  as  accurate  measures  of  time  oP 
duration, — a  circumstance  which  must  always  be 
a  matter  of  importance  to  rational  beings  where- 
ever  existing,  but  which  seems  to  be  scarcely 
attended  to,  and  perhaps  not  in  the  least  appreci- 
ated, by  merely  sentient  beings,  such  as  the  lower 
orders  of  animated  nature  which  exist  around  us. 
From  what  has  been  now  stated,  we  may  con- 
clude that  the  inhabitants  of  the  planets  are  not 
purely  spiritual  beings;  for  pure  spirits,  entirely 
divested  of  material  vehicles,  cannot  be  supposed 
to  have  a  permanent  connection  with  any  material 
world  or  system;  nor  could  they  be  supposed  to 
be  affected  by  air,  light,  colors,  attraction,  or 
other  material  influences,  which  operate  on  the 
surfaces  of  all  the  planetary  bodies.  If  pure 
intelligences,  disconnected  with  matter,  exist  in 
the  universe,  they  must  be  conceived  to  have  a 
more  e.xpansive  range  than  the  limits  of  any  one 
globe,  and  those  material  agencies  which  affect 
the  organs  of  sensitive  existence  cannot  be  sup 
posed  to  operate  upon  them;  and,  consequently, 
their  mo  les  of  perception  must  be  altogether  dil- 
ferent  from  those  of  organized  intelliginces.  We 
may  therefore  with  certainty  conclude  that  the 
intelligent  beings  connected  with  the  planetary 
worlds,  either  of  our  own  or  of  other  systems,  are 
furnished  with  hodies^,  or  corporeal  vehicles  of 
some  kind  or  other.  These  may  difT/r  in  size  and 
fortn  in  different  planets;  perhaps  their  size  may 
depend  on  the  amplitiide  of  space  which  the  dif- 
ferent planets  may  contain.  But  I  cannot  acqui- 
esce in  a  supposition  lately  thrown  out  by  a 
certain  reviewer,  "that  in  some  worlds  the  iiiha- 
bitants  may  be  as  large  as  mountains,  and  in 
others,  as  small  as  emmets."  In  the  one  case, 
(•.j;:ip:iratively  few   inhabitants   could    live   iu  a 
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I  ,orld  where  every  one  was  a  walking  Mount 
Blanc  or  Mount  Etna;  and  it  would  be  co-.itrary 
to  all  the  known  arrangements  of  the  Creator; 
who  appears  to  act  on  the  principle  of  compres- 
sing into  a  small  space  the  greatest  degree  of  sen- 
sitive and  intellectual  enjoyment.  Beside,  such 
a  huge  mass  of  matter  as  a  mountain  is  not  only 
unnecessary,  but  in  all  probability  would  be  higlily 
injurious  to  the  exercise  of  the  intellectual  facul- 
ties. In  the  other  case,  were  rational  beings  as 
small  as  emmets,  they  could  neither  contemplate 
tile  beauties  and  sublimities  of  the  scene  of  nature 
around  tliem,  nor  the  glories  of  the  starry  firma- 
ment; their  range  of  vision  could  extend  only  a 
few  feet  or  yards  around  them,  and  they  never 
could  be  able  to  explore  tlie  nature,  extent,  and 
peculiarities  of  scenery  of  the  world  they  inha- 
bited. So  that  all  such  suppositions  are  evidently 
extravagant  and  absurd,  being  directly  contrary 
to  the  proportion  and  harmony  which  exist  in  tlie 
universe,  and  which  characterize  all  the  arrange- 
ments of  the  Creator.  In  regard  to  the  powers 
of  locomotion,  there  may  be  considerable  differ- 
ences in  different  worlds.  In  many  instances 
there  is  reason  to  believe  their  inhabitants  are 
enabled  to  transport  themselves  from  one  region 
to  another  with  a  velocity  far  surpassing  the  loco- 
motive powers  of  man.  In  the  planet  Venus  some 
of  the  mouiitains  are  reckoned  to  be  twenty-two 
miles  in  perpendicular  elevation,  from  the  top  of 
whicli  eminences  the  most  sublime  and  diversified 
prosp.cts  must  be  enjoyed;  and  in  order  that  its 
inliabitants  may  be  enabled  to  ascend  with  ease 
such  lofty  elevations,  it  is  not  unreasonable  to 
believe  that  they  are  endowed  with  powers  of 
motion  far  superior  to  those  of  the  inhabitants 
of  our  globe. 

3.  The  inhabitants  of  the  planets  are  furnished 
with  organs  of  sensation,  particularly  witii  ifie 
organ  of  vision.  This  may  be  certainly  deduced 
from  the  fact,  that  there  are  connected  with  the 
planets  arrangements  for  the  equable  distribution 
q/"  light.  The  sun,  the  source  of  illumination,  is 
placed  in  the  center  of  the  system  for  diffusing 
light  in  certain  proportions  over  the  surfaces  of 
all  the  planets,  their  satellites,  and  their  rings. 
Each  planetary  body  revolves  round  its  axis,  in 
order  that  every  part  of  its  surface  may  alternately 
enjoy  the  benefit  of  the  solar  radiation.  Around 
tlie  larger  planets  are  moons  for  the  distribution 
of  light  in  the  absence  of  the  sun;  and  one  of 
tliem  is  invested  with  a  double  ring,  which  reflects 
the  solar  rays  during  the  night  both  on  the  surface 
of  the  planet  itself  and  on  the  surfaces  of  its 
moons.  This  diversified  apparatus  for  the  diffu- 
sion of  light  evidently  appears  to  be  an  arrange- 
ment of  means  in  order  to  the  accomplishment  of 
an  important  end;  for  it  would  be  a  reflection  on 
the  character  of  the  All-wise  Contriver  to  suppose 
that  means  have  been  arranged  where  no  appro- 
priate end  is  intended  to  be  accomplished;  but  all 
the  arrangements  for  the  regular  and  equable  dif- 
fusion of  light  have  been  made  in  vain,  if  there 
be  no  eyes  or  organs  of  vision  on  which  light  may 
act;  for  mountains,  and  vales,  and  barren  deserts 
do  not  require  its  regular  influence.  That  there 
are  beings  furnished  with  visual  organs  through- 
out all  the  worlds  and  s)-steins  of  matter  in  the 
nnivf-rse  apjjears  from  the  consideration,  that  not 
only  in  our  own  system,  but  among  the  myriads 
of  fixed  stars  dispersed  throughout  immensity, 
provision  is  made  for  such  organs  in  the  existence 
of  liyht,  which  is  a  substance  that  appears  to  be 
universally  diffused  throughout  creation.  It  is 
found  by  experiment,  that  the  light  which  radiates 
from  the  most  distant  star  is  of  the  same  nature 


as  that  which  emanates  from  the  sun.  It  is  re- 
fracted and  reflected  by  the  same  laws,  and  con- 
sists of  the  same  colors,  as  that  which  ilhuninates 
the  bodies  whicli  compose  the  solar  system,  and 
which  throws  a  luster  on  the  objects  imm'.-diateiy 
around  us.  Tlie  mediums  of  vision  must  there- 
fore be  acted  upon  by  light,  in  the  most  distant 
regions  of  creation,  in  nearly  the  same  manner 
as  with  us,  although  there  may  be  numerous  va- 
rieties and  mouiricalions  of  the  visual  organs,  so 
as  to  render  vision  far  more  perfect  and  extensive 
than  in  the  case  of  the  inhabitants  of  our  globe. 
We  find  that  there  is  an  immense  variety  in  the 
modes  of  vision  among  tlie  lower  animals.  Some 
of  the  smaller  insects  have  their  eyes  nearly  of  a 
globular  form  and  very  small,  so  tiiat  tliej'  can 
see  only  a  few  inches  aroumi  them;  while  the 
eyes  of  other  animals,  such  as  the  eagle,  are  so 
constructed  that  they  can  perceive  their  prey  at  a 
great  distance,  and  from  a  very  elevated  position. 
Some  animals  have  only  one  or  two  visual  organs 
or  eye-balls,  as  man,  birds,  and  quadrupeds;  otiiers 
have  eight,  as  in  the  case  of  spiders;  and  otiiers 
have  several  hundreds,  and  even  thousands,  of 
transparent  globules,  each  of  which  is  capable  of 
forming  a  distinct  image  of  any  object,  as  is  the 
case  with  flie«,  butterflies,  and  other  insects.  All 
these  diversified  constructions  of  the  organs  of 
vision,  however,  perform  their  functions  accord- 
ing to  the  same  invariable  laws  of  optics. 

But  although  light  must  act  on  the  eyes  of  all 
organized  beings  in  a  manner  somewhat  similar, 
or  at  least  analogous  to  what  it  does  on  our 
organs,  yet  there  may  be  certain  configurations 
of  the  organ  of  vision  by  which  a  more  glorious 
and  extensive  effect  is  produced  than  by  the 
human  eye.  The  inhaliitants  of  some  other 
worlds,  instead  of  being  confined  in  their  range 
of  vision  as  we  are,  may  be  able  to  penetrate 
through  space  to  an  indefinite  extent,  and  to  per- 
ceive with  distinctness  all  the  prominent  objects 
connected  with  neighboring  worlds;  and  even  the 
peculiarities  of  distant  suns  and  systems  may  be 
within  the  range  of  their  view.  The  difference 
between  the  eye  of  an  insect,  which  sees  only  an 
inch  or  two  around  it,  and  the  eye  of  a  man, 
which  can  grasp  at  once  an  extensive  landscape, 
is  perhaps  as  great  as  the  difference  between  the 
vigor  and  extent  of  human  eyes  and  such  organs 
of  vision  as  I  have  now  supposed.  And  who 
shall  set  boundaries  to  the  mechanisms  of  infinite 
wisdom,  especially  when  we  consider  the  varieties 
which  exist  in  our  terrestrial  system?  It  is  not 
beyond  the  limits  of  probability  that  an  inhabitant 
of  Jupiter  may  be  able  to  perceive  and  to  trace 
all  the  variety  of  scenery  connected  with  Saturn, 
and  its  rings  and  satellites,  and  to  distinguish  the 
planets  that  revolve  around  other  suns,  as  dis- 
tinctly as  we  perceive  with  a  telescope  the  satel- 
lites with  which  that  planet  is  attended.  We  have 
experimental  proof  that  the  inventions  of  art  can 
extend  the  range  of  human  vision.  The  rings  of 
Saturn,  the  motions  of  its  satellites,  the  changes 
which  happen  in  the  belts  of  Jupiter — which  no 
unassisted  eye  could  ever  have  discerned, — and 
millions  of  stars  a  thousand  times  more  distant 
than  the  limits  of  natural  vision,  have  been 
brought  to  view  by  the  invention  of  the  teleseoj)!;; 
which  shows  that  the  extent  of  humari  vision  is 
susceptible  of  an  indefinite  increase.  And  if  man 
can  thus  improve  his  natural  vision,  we  need  not 
doubt  that  the  Deity  has  infinite  resources  at  his 
command,  and  that  when  he  pleases,  he  can  con- 
struct visual  organs  of  such  vast  and  extensive 
powers  as  far  surpass  the  limits  of  our  compre- 
hension; and  it  is  not  improbable,  from  the  vari- 
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ety  already  known  to  exist,  that  such  organs  are 
actually  to  be  found  throughout  different  regions 
of  the  universe.  Our  extent  of  vision  by  the 
telescope  is  found  to  depend  on  the  extent  of  area 
contained  in  the  object-glass,  or  speculum  of  that 
instrument,  vifhich  enables  the  eye  to  take  in  a 
greater  portion  of  rays  from  distant  objects  than 
it  can  do  in  its  natural  state;  and  therefore,  if  our 
eyes  were  formed  with  pupils  of  a  large  dimen- 
sion, and  vv^ith  a  corresponding  degree  of  nervous 
sensibility  in  the  retina,  we  might  be  enabled  to 
penetrate  into  space  to  an  extent  of  which  we 
have  no  conception.  Such  modifications  of  vision, 
and  thousands  of  others,  are  obviously  within  the 
power  of  Him  who  at  first  organized  all  the  tribes 
of  animated  existence. 

It  is  highly  probable  that  it  is  one  great  design 
of  the  Creator  to  exhibit  to  all  intelligent  beings 
throughout  creation  a  visible  display  of  his  glory 
through  the  medium  of  their  visual  organs;  for 
where  no  organs  of  vision  exist,  the  wonderful 
apparatus  for  the  production  and  distribution  of 
light  so  conspicuous  throughout  the  universe,  ex- 
ists in  vain;  and,  therefore,  if  it  be  allowed  to 
reason  from  the  means  to  the  end,  or  from  the 
cause  to  the  effect,  we  must  admit  that  the  uni- 
versal diffusion  of  light  through  infinite  space, 
from  an  infinite  variety  of  bodies,  must  be  intend- 
ed to  produce  vision  through  the  medium  of  or- 
gans similar  or  analogous  to  ours;  in  order  that 
rational  beings  may  enjoy  the  pleasures  arising 
from  this  sense,  and  be  enabled  to  appreciate  the 
wonders  of  the  universe,  and  the  perfections  of 
its  Creator.  The  variety  of  means  and  contri- 
vances for  the  diffusion  of  light  throughout  crea- 
tion is  therefore  a  demonstrative  evidence  both  of 
the  existence  of  intelligent  beings  in  other  worlds, 
and  that  they  are  furnished  with  visual  organs  for 
the  purpose  of  contemplating  the  objects  which  it 
renders  visible. 

4.  The  inhabitants  of  other  worlds  are  invested 
with  locomotive  powers.     This  we  may  infer  from 
the  amplitude  of  space  whicli  every  world  con- 
tains, and    from    the   consideration  that  they  are 
social  beings,  and  hold  a  regular  intercourse  with 
each  other.     We  must,  indeed,   necessarily  sup- 
pose that  there  are  no  rational  beings  confined  to 
one  spot  or  point  of  space,  as  a  tree,  a  shrub,  or 
any  other  vegetable;    for  if  this  were   the  case, 
there  could  be  no  improvement  either  in  knowl- 
edge or  in  moral  action,  the  capacity  of  the  in- 
tellect could  never  be  expanded,  the   variety  of 
beauties  and  sublimities  which  distinguish  all  the 
works  of  God  could  never  be  properly  contem- 
plated, most  of  the  pleasures  peculiar  to  an  intel- 
ligent being  could  never  be  enjoyed,  and  the  man- 
ifold delights  which  flow  from  social  intercourse 
and  the  contemplation  of  diversified  scenes  and  i 
objects  could  never  be  experienced.     The  suppo- 
sition of  an  incapacity  for  local  motion  is  there-  | 
fore  inconsistent  with  the  idea  of  a  rational  be-  j 
ing,  and  almost  involves  an  absurdity.     We  find,  i 
moreover,  that  in  many  of  the  planets,  particularly  ! 
in  Jupiter  and  Saturn,  there  is  the  most  ample  i 
space  provided  for  exercising  the  powers  of  loco-  ' 
motion;  these  two  planets  containing  more  than' 
220  times  the  area  of  the  earth's  surface,  which 
affords  a  vast  field  for  excursion,  and  for  observa- 
tion to  their  inhabitants.     These  locomotive  pow- 
ers may  be  very  different  from  those  of  man,  both 
in  their  fleetness  and  in  their  mode  of  operation. ; 
We  have  reason  to  believe  that  in  many  instances 
they  will  far  exceed  ours  in  swiftness,  and  in  the 
ease  with  which  they   may  be   performed;   for   if 
birds  mid  flying  insects,  and  even  certain  quadru- 
peds, are  endowed  with  powers   of   motion  far 


more  swift  and  energetic  than  those  of  man,  it  is 
highly  probable  that  rational  and  social  beings,  ia 
more  expansive  worlds  than  ours,  are  ca|)able  of 
traversing  space  with  much  more  ease  and  agility 
than  the  human  inhabitants  of  our  globe,  other- 
wise they  could  not  be  supposed  for  ages  to  ac- 
complish a  survey  of  the  world  in  vi'hich  they 
dwell,  or  to  become  acquainted  with  its  leading 
features.  Whether  such  motions,  howtver,  are 
performed  on  a  principle  analogous  to  that  on 
which  the  wings  of  birds  are  constructed,  or  on 
any  other  principle  to  us  unknown,  is  beyond  our 
province  to  determine. 

5.  We  may  also  infer  that  the  inhabitants  of 
other  worlds  are  furnished  with,  a  sense  corres- 
ponding to  tlie  organ  of  hearing,  and  a,  faculty  of 
emitting  articulate  sounds.  Without  such  a  sense 
and  faculty,  it  is  scarcely  possible  to  conceive  that 
social  intercourse,  and  a  mutual  interchange  of 
sentiment  and  feeling  could  be  carried  on  to  any 
extent,  or  with  any  great  degree  of  pleasure  or 
improvement,  among  organized  beings.  Pure 
spirits  may  have  modes  of  intercourse  and  of-  com- 
municating thought  peculiar  to  themselves,  of 
which  we  can  at  present  form  no  distinct  concep 
tion;  but  organized  intelligences  must  necessarily 
have  some  material  mediums,  or  faculties,  by 
which  sentiments  and  emotions  may  be  expressed 
and  communicated.  Some  of  the  planets  are 
found  to  be  environed  with  atmospheres;  and  as 
air  is  the  medium  of  sound  in  our  terrestrial  re- 
gion, it  doubtless  serves  a  similar  purpose  in  other 
worlds  ;  and  consequently  we  may  conclude  that 
the  animated  beings  they  contain  are  furnished 
with  organs  for  the  perception  of  sounds  in  all 
their  modulations.  In  the  representations  given 
in  the  sacred  records  of  the  exercises  of  superior 
beings,  they  are  exhibited  as  uttering  articulate 
sounds,  and  joining  in  the  harmonies  of  music. 
When  a  multitude  of  angels  descended  on  the 
plains  of  Bethlehem  to  announce  the  birth  of 
Messiah  to  the  shepherds,  they  uttered  articulate 
sounds,  and  joined  in  musical  strains  which  struck 
the  ears  of  the  shepherds,  and  conveyed  a  distinct 
impression  of  the  meaning  of  the  sentiments  com- 
municated; which  circumstance  leads  us  to  con- 
clude, that  superior  intelligences  in  other  regions 
express  sentiments  and  emotions  in  a  manner 
somewhat  similar  to  that  in  which  we  hold  inter- 
course with  one  another,  by  the  faculties  of  speech 
and  hearing. 

6.  It  might,  perhaps,  be  inferred  from  the  rota- 
tion  of  the  planets — which  produces  the  alterna- 
tions of  light  and  darkness — that  their  inhabitants 
are  subject  to  something  analogous  to  sleep,  or 
stated  intervals  of  repose.  This  may  probably  be 
the  case  in  some  of  the  planets,  such  as  Mars  or 
Mercury,  which  are  unaccompanied  with  satel- 
lites; but  we  know  too  little  of  the  peculiar  cir- 
cumstances of  other  worlds  to  warrant  us  to  speak 
decisively  on  this  point,  as  the  bodies  of  the  in- 
habitants of  other  planets  may  be  so  constructed 
as  not  to  stand  in  need  of  being  daily  Invigorated 
by  repose  as  the  bodies  of  men.  Beside,  the 
celestial  scenery  of  some  of  the  planets  is '  so 
grand,  diversified,  and  picturesque,  that  a  consider- 
able part  of  their  studies  and  social  pleasures  may 
be  prosecuted  and  enjoyed  amidst  the  solemn 
grandeur  and  beautiful  diversity  of  their  noctur- 
nal scenes,  and  their  contemplations  directed  to 
the  interesting  objects  then  presented  to  their 
view.  This  is  probably  the  case  in  the  regions  of 
Jupiter  and  Uranus, — particularly  in  Saturn, 
where  seven  moons  may  occasionally  be  beheld  in 
the  nocturnal  heavens,  all  exhibiting  different 
phases, — some  of  them  changing  their  apparent 
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pliases,  niag^nitude,  and  motion  with  great  rapidi- 
ty; some  of  them  entering  into  an  eclipse;  and 
others  emerging  from  it;  wiiile  two  stupendous 
rings  stretcli  across  tiie  concave  of  tiie  sky,  pre- 
senting every  moment  diffei-ent  objects  on  their 
surface  in  the  course  of  tlieir  rapid  diunial  revo- 
lution. Such  scenes  vi^iil,  perlia])s,  be  more  inter- 
esting to  tiie  inhabitants  of  tiiis  planet  than  all 
the  splendors  of  tiieir  noonday;*  for  all  the  ob- 
jects on  the  surface  of  this  planet,  and  likewise 
those  on  Jupiter  and  Uranus,  will  present  a  difft-r- 
ent  aspect  from  what  they  do  in  the  daytime. 
Being  illuminated  by  the  light  reflected  from  a 
retinue  of  moons,  and  by  the  still  more  efful- 
gent splendor  emitted  from  the  spacious  rings, 
every  object  will  appear  enlightened  and  distinct- 
ly visible,  a  diversit}' of  coloring  will  be  exhibited 
by  the  diversity  of  reflected  rays  proceeding  from 
the  different  moons  and  rings,  and  the  sliadows  of 
objects  will  be  increased  and  blended  together, 
and  thrown  in  different  directions,  according  to 
the  number  and  relative  positions  of  the  nocturnal 
luminaries  which  may  happen  to  be  above  their 
horizon.  On  wliich  account,  I  should  be  disposed 
to  conclude  that  the  inhabitants  of  such  planets 
have  their  physical  constitutions  organized  in  such 
a  manner  by  Divine  Wisdom  as  to  fit  them  for 
perpetual  activity,  without  standing  in  need  of 
any  repose  similar  to  that  of  sleep. 

The  above  cursory  remarks  respecting  the  phy- 
sical state  of  the  planetary  inhabitants  have  been 
deduced    chiefly    from    the    ascertained    circum- 
stances and  phenomena  of  the  planets,  and  from 
the  general  constitution  and  economy  of  the  uni- 
verse.    Several  other  conclusions  might  likewise 
have  been  deduced,  but  I  do  not  intend  to  enter 
into  the  regions  of  mere  conjecture.     As  rational 
and  intelligent   beings,  the  inliabitants   of  other 
worlds  must  necessarily  be  considered  as  prosecu- 
ting the  study  of  useful   science   in  reference   to 
all  tliOse  departments  of  nature  which  lie  open  to 
their  inspection,  and  that  they  exercise  their  men- 
tal faculties  in  such   pursuits  and  investigations.  [ 
If  this  be  admitted,  then  we  must  necessarily  con-  i 
elude  that  they  use  all  the  requisite  means  for  the  i 
investigation    of    truth,  and    for    progressing   in 
knowledge.     If,  for  example,  they  engage  in  the  i 
Ptudy  of  astronomy  (as  we  have  reason  to  believe  ; 
tlie  inhabitants  of  all  worlds  do)  they  must  make  j 
observations,  both  general  and  particular ;  and  in  | 
order  to  do  so  with    accuracy  and  precision,  in- 
struments of  various  descriptions   are    requisite, 
and  the  management  of  these  requires  the  use  of 
hands,  or  some  bodily  parts  answering  a  similar  i 
purpose;  for  none  of  the   lower  animals  on   our  i 
globe  that  are  deficient  in  such   a  member  could 
perform  the  operations  of  art  wiiich  man  can  per-  ' 
form  by  the  use  of  his  hands.     If  a  liorse  or  a  ! 
bear  were  furnished  with    the  same    intellectual 
faculties  as  the  human  race,  and  still   retain  its 
present    organization,  it  could  make  little  or  no 

E regress  either  in  science  or  art,  without  mem-  ! 
ers  corresponding   to   human  hands;  and  there- 
fore we  may  confidently  conclude  that  members  I 
similar  or  analogous  to  these  are  common  to  us 
ajid  to  the  jdanetary  inhabitants.     The   study  of  i 
astronomy  likewise  supposes  an  acquaintance  with 
geomclni.     The  truths  of  geometry  must  be  the  j 
BJune  in  every  region  of  the  universe,  and  perhaps  ; 
of  equal  utility  to  the  inhabitants  of  the  most  dis-  j 
tant  worlds  as  to  man  on  earth.     They  are  truths  • 
which  are  eternal  and   unchangeable,  and  which  i 
no  locality  or  circumstances  within  the  limits  of  i 

•  For  a  particular  description  of  tliese  scenes,  the  reader 
is  rafened  to  '  Celestial  Scenery,"  cliap.  viii. 


I  creation  can  possibly  alter  or  modify;  and  there- 
I  fore  must  be  recognized,  in  a  greater  or  h-ss  de- 
I  gree,  by  every  rational  being.  The  Creator  him- 
I  self  has  laid  the  foundation  of  this  science,  for  he 
presents  us  in  his  works  with  geometrical  figures 
!  of  various  descriptions, — willi  circles,  squares, 
i  parallelograms,  hexagons  and  polygons  —  with 
i  ellipses,  spheres,  spheroids,  and  other  figures,  and 
I  proposes  them,  as  it  were,  to  our  study  and  cou- 
{  templation.  With  geometry,  tfn</»neZtc  and  other 
!  sciences  are  intimately  connected,  so  that  the 
I  study  of  the  one  supposes  that  of  the  other.  In 
I  short,  truth,  and  every  branch  of  knowledge  by 
!  which  the  mind  of  a  rational  being  can  be  adorn- 
I  ed,  must  be  substantially  the  same  in  ev^^ry  world 
I  throughout  the  amplitudes  of  creation. 
j  Some  persons,  however,  may  be  disposed  to 
!  object,  that  the  inliabitants  of  other  worlds  may 
see  all  truths  intuitively,  and  that  they  nuiy  have 
;  no  need  to  use  any  means,  as  we  are  obliged  to 
j  do,  to  acquire  and  to  make  progress  in  knowledge, 
and  that  they  acquire  all  their  knowledge  at  once 
j  without  any  exertions,  —  opinions  which  have 
been  frequently  broached  by  divines,  in  reference 
to  the  happiness  of  the  future  world.  But  there 
appears  no  foundation  for  such  opinions.  We 
have  reason  to  believe  that  every  intellectual  being 
throughout  creation  exerts  its  powers  for  the  ac- 
quisition of  truth,  and  that  its  advancement  in 
knowledge  is  progressive;  for  its  faculties  were 
bestowed  for  the  very  purpose  that  they  might  be 
exerted  on  all  the  ditFerent  objects  and  manifesta- 
tions of  the  Divinity  within  its  reach;  and  if  all 
knowledge  were  intuitive  and  required  no  exer- 
tion of  tiie  mental  facultj",  the  individual  would 
be  reduced  to  something  like  a  mere  machine,  and 
would  be  deprived  of  the  pleasures  which  arise 
from  mental  research  and  investigation.  There 
must  likewise  be  a  progress  in  knowledge,  arising 
from  the  consideration  of  trie  immensity  of  the 
Divine  Being,  and  of  his  works,  and  of  the  limited 
nature  of  finite  intelligences.  No  finite  being  can 
ever  grasp  the  incomprehensible  Divinity,  or  .the 
immensity  and  variety  of  his  operations  through- 
out boundless  space;  but  it  may  always  be  advan- 
cing to  a  more  comprehensive  view  of  the  perfec- 
tions and  the  empire  of  the  Eternal,  and  may  thus 
go  on  from  one  degree  of  knowledge  to  another, 
gradually  approximating  toward  perfection  during 
all  the  periods  of  an  immortal  existence,  but  will 
never  reach  it ;  and  its  happiness  is  connected 
with  this  circumstance,  that  it  will  never  reach 
perfection,  or  obtain  a  full  discovery  of  all  the 
glories  of  the  Divinity.  But  this  gradual  progres- 
sion and  expansion  of  intellectual  views  will  be  a 
perennial  source  of  felicity  to  all  virtuous  intel- 
ligences. Whereas,  were  the  whole  of  their 
knowledge  acquired  at  once,  or  after  a  short  period 
of  duration,  the  mind  would  flag,  mental  activity 
would  cease,  the  prospect  of  future  knowledge 
and  enjoyment  would  be  cut  off,  and  misery  to 
a  certain  extent  would  take  possession  of  the 
soul. 

In  fine,  although  there  are,  doubtless,  marked 
differences  between  the  j)lanetary  inhabitants  and 
the  inhabitants  of  o\\v  globe,  and  although  the 
natural  scenery  of  those  worlds  may  be  consider- 
ably different  from  ours,  yet  it  is  not  improbable, 
were  we  transported  to  those  abodes,  that  we 
should  feel  more  at  home  in  their  society  and 
arrangements  than  we  are  now  apt  to  imagine, 
provided  we  were  once  made  acquainted  with 
their  language,  or  mode  of  communicating  their 
ideas.  For  there  are  certain  relations,  sentiments, 
dispositions  and  virtues,  which  must  be  common 
to  intellectual  and  moral  beings,  wherever  existing 
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througliout  trie  material  universe.  In  respect  to 
bodily  stature  and  appearance,  we  iniglit  be  apt 
to  suspect  that  there  would  he  many  slrikiufr  dif- 
ferences in  the  aspect  of  the  inliabitants  of  an- 
other planet,  and  that  strange  and  novel  forms  of 
corporeal  organization  would  everywliere  be  pre- 
Bented  to  view;  yet  it  is  just  as  probable  that  in 
such  a  world  we  should  contemplate  bcinjis  not 
much  unlike  ourselves,  and  animated  by  similar 
or  analofjous  views,  sentiments,  and  feeling-s, 
though  placed  in  circumstances  and  surrounded 
with  a  scenery  very  ditFerent  from  those  of  our 
sublunary  region. 

VVlielher  we  may  ever  enjoy  an  intimate  cor- 
respondeiice  with  beings  belonging  to  other  worlds, 
is  a  question  which  will  frequently  obtrude  itself 
on  a  contemplative  mind.  It  is  evident  that,  in 
our  present  slate,  all  direct  intercourse  with  other 
worlds  is  impossible.  The  law  of  gravitation,  which 
unites  all  the  worlds  in  the  universe  in  one  grand 
system,  separates  man  from  his  kindred  spirits  in 
other  planets,  and  interposes  an  impassable  barrier 
to  his  excursions  to  aistant  regions,  and  to  his  cor- 
respondence with  other  orders  of  intellectual  be- 
ings. But  in  the  present  state  he  is  only  in  the  in- 
fancy of  his  being;  he  is  destined  to  a  future  and 
eternal  state  of  existence,  where  the  range  of  his  fa- 
culties and  his  connections  with  other  beings  will 
be  indefinitely  expanded.  "A  wide  and  boundless 
prospect  lies  before  him,"  and  during  the  revolu- 
tions of  an  interminable  duration,  he  will,  doubt- 
less, be  brought  into  contact  and  correspondence 
with  numerous  orders  of  kindred  beings,  with 
whom  he  may  be  permitted  to  associate  on  terms 
of  equality  and  of  endearing  friendship.  All  the 
virtuous  intelligences  throughout  creation  may 
be  considered  as  members  of  one  great  family, 
under  the  peculiar  care  and  protection  of  the 
Universal  Parent  ;  and  it  is  not  improbable,  that 
it  is  one  grand  design  of  the  Deity  to  promote  a 
regular  and  progressive  intercourse  among  the 
several  branches  of  his  intelligent  ofTspring, 
though  at  distant  intervals  and  in  divers  manners, 
and  after  the  lapse  of  long  periods  of  duration. 

Such  an  intercourse  may  be  necessary,  in  order 
to  the  full  expansion  of  the  moral  and  intellectual 
faculties,  and  to  the  acquisition  of  all  that  know- 
ledge which  relates  to  the  attributes  of  the  Divin- 
ity, and  the  pliysical  and  moral  government  of 
the  universe.  For  this  purpose  it  may  be  neces- 
sary that  branches  of  Ihe  universal  family  that 
have  existed  in  different  periods  of  duration,  and 
in  regions  widely  separated  from  each  other, 
Bhoulu  be  brought  info  mutual  association,  that 
they  may  communicate  to  each  other  the  results 
of  their  knowledge  and  experience,  the  diversity 
of  physical  and  moral  circumstances  in  wliicli 
they  have  been  placed,  and  the  different  arrange- 
ments of  Goci's  moral  government  to  which  they 
have  been  respectively  subjected.  Such  views 
correspond  with  tlie  representations  given  in 
Scripture  in  reference  to  the  heavenly  state.  The 
spirits  of  "just  men  made  perfect"  are  represent- 
ed as  joining  the  society  of  "  an  innumerable 
company  of  angels,"  wliich  are  only  another  or- 
der of  rational  beings;  and  in  the  visions  of 
celestial  bliss,  recorded  in  the  book  of  Revelation, 
both  men  and  the  angelic  hosts  are  exhibited  as 
forming  one  society,  and  joiningin  unison  in  cel- 
ebrating the  perfections  of  Him  who  sitteth  on  the 
tlirone  of  the  universe. 

But  should  the  laws  of  the  physical  sj'stem,  and 
,he  immense  distances  which  intervene  between 
the  several  worlds,  prevent  such  associations  as  I 
have  now  supposed,  there  may  be  another  econo- 
my, superior  to  the  physical,  which  may  consist 
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with  the  nmst  extensive  and  intimate  Intercoura* 

of  all  rational  and  virtuous  beings.  There  may 
be  a  spiriiiiat  economy  establisiied  in  liie  uni- 
verse, of  which  the  piiysical  strucluiv  of  eieation 
is  the  basis  or  platform,  or  the  introductory  sceue 
in  which  rational  beings  are  trained  and  prepared 
for  being  members  of  the  higher  order  of  this 
celestial  or  intellectual  economy.  It  appears  high- 
ly probable  that  the  first  introduction  of  every 
rational  creature  into  existence  is  on  the  scene  of 
a  physical  economy.  The  diversified  scenes  and 
relations  of  the  material  world  appear  to  be  ne- 
cessary, in  the  infancy  of  being,  to  form  a  sub- 
stratum for  thought,  or  to  aflbrd  scope  for  the 
exercise  of  the  moral  and  intellectual  powers,  or 
materials  on  which  these  powers  may  ojierate, 
and  likewise  for  exhibiting  a  sensible  display  of 
the  character  and  perfections  of  the  Almighty. — 
The  kno*ledge  which  inay  thus  be  acquired  of 
tJie  scenes  and  relations  of  the  universe,  and 
the  attributes  and  moral  government  of  its  Om- 
nipotent Author,  in  the  course  of  myriads  of 
ages,  must  be  great  and  extensive  beyond  what 
we  can  well  conceive.  This  knowledge  and  ex- 
perience of  physical  objects  and  relations  may 
prepare  the  rational  soul  for  entering  on  the  con- 
fines of  a  iiigher  and  nobler  economy,  whei^ 
immaterial  scenes  and  relations,  and  particularly 
the  attributes  of  Divinity,  abstractly  considered, 
may  form  the  chief  objects  of  research  and  con- 
templation. .Under  such  a  state  of  economy,  we 
may  conceive  that  intellectual  beings,  to  what- 
ever portion  of  the  material  universe  they  ori- 
ginally belonged,  may  hold  the  most  intimate 
converse  with  one  another,  by  modes  peculiar  to 
that  economy,  and  which  are  beyond  the  concep- 
tions of  the  inhabitants  of  the  physical  universe; 
so  that  distance  in  point  of  space  shall  form  ju> 
insuperable  barrier  to  the  miitual  communicatioHi 
of  sentiments  and  emotions. 

On  grounds  similar  to  those  now  stated,  we 
might  conceive  it  as  not  altogether  improbable, 
that  the  spiritual  principle  which  animates  tha 
lower  orders  of  animated  nature,  and  which  in 
some  cases  bears  a  near  resemblance  to  the  reason 
of  man,  may  be  susceptible  of  indefinite  expan- 
sion and  improvement  by  being  connected  with  a 
superior  organization,  and  that  such  beings  may 
ultimately  pass  through  various  gradations  of 
rank  in  the  physical  and  intellectual  economy, 
until  they  arrive  at  a  station  superior  to  that  of 
the  most  enlightened  and  improved  liunian  beings. 
But  as  we  are  now  bordering  on  the  regions  of 
;ioubt  and  uncertainty,  suffice  it  to  say,  that  it 
appears  highly  probable,  from  a  consideration  of 
the  Divine  benevolence,  of  the  relations  which 
subsist  throughout  the  physical  and  intelligent 
system,  and  of  the  intimations  contained  in  the 
records  of  revelation,  that  virtuous  and  holy  isi- 
telligences,  from  different  regions  of  the  material 
creation,  as  brethren  of  the  same  great  family, 
shall,  at  one  period  or  another,  hold  the  most  inti- 
mate converse  and  communion,  and  rehearse  to 
each  other  their  mutual  )\istory  and  experience 
Such  intercourse  would  evidently  enhance  that 
felicity  which  it  is  the  great  design  of  the  Creator 
to  conmiunicate,  and  the  means  by  v;hich  it  may 
be  effected  are  obviously  within  the  limits  of  infi- 
nite Wisdom  and  Omnipotence. 

ON    THE   MORAL   STATE    OF   THE    INHABITAN'TS  OF 
OTHER    WORLDS. 

The  moral  state  of  intellectual  beings  in  othef 
worlds  is  a  subject  of  still  greater  interest  and  im- 
portance than  their  phy.sical  state  and  constitution, 
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and  the  scenes  of  nature  with  which  they  are  sur- 
rounded; for  on  the  moral  temperament  of  such 
beings,  and  the  passions  and  affections  they  dis- 
play, will  chiefly  depend  the  happiness  of  the  in- 
telligent systr-m  throughout  every  region  of  the 
universe.  It  is  possihie  to  suppose  a  region  of 
creation  furjiished  with  everything  that  is  grand, 
beautiful  and  magnificent,  and  calculated  to  gra- 
tify in  the  highest  degree  the  senses  and  iiiiagiua- 
lion,  and  yet  the  abode  of  wretchedness  and  mise- 
ry, if  passions' and  dispositions  similar  to  tliose 
which  actuate  the  most  vicious  and  depraved  class 
of  mankind  were  universally  to  prevail  in  any 
world,  however  beautiful  and  sublinie  its  physical 
arrangements,  true  happiness  would  be  banished 
from  its  society,  and  misery,  in  all  its  diversified 
ramifications,  would  be  found  pervading  its  abodes. 
Even  the  tempers  and  dispositions  which  are  fre- 
quently exhibited  in  polished  society,  and  by  some 
men  who  call  themselves  Christians  and  pliiloso- 
phers, — jealousy,  emulation,  envy,  pride,  revenge, 
selfishness,  and  such  like, — were  they  to  reign 
uncontrolled  in  any  region,  would  soon  transform 
intelleclnal  beings  into  an  assemblage  of  fiends, 
and  banish  true  enjoyment  from  every  department 
of  the  social  system. 

If  these  sentiments  be  admitted,  it  will  follow, 
that  were  we  permitted  to  range  through  any  of 
the  planetary  worlds,  the  pleasures  and  enjoy- 
ments of  such  an  excursion  would  chiefly  depend 
on  the  character  and  dispositions  of  those  who 
accompanied  us,  and  of  the  inhabitants  of  the 
planet  through  whicli  we  roamed.  Wei-e  we  to 
be  treated  by  the  inhabitants  of  another  world  in 
the  same  way  as  Mr.  Park  was  treated  by  the 
Moors  when  he  was  traversing  the  wilds  of  Afri- 
ca, or  as  a  poor  wretched  foreigner  is  sometimes 
treated  in  our  own  country,  we  should  find  little 
eiijoj'ment  amidst  all  the  beauties  and  novelties 
of  scenery  which  might  meet  our  eye  in  such  a 
world,  for  upon  the  affections  and  conduct  of  in- 
telligent beings  toward  one  another  must  depend 
tile  happiness  of  individuals,  and  of  the  whole  so- 
cial system  throughout  every  department  of  crea- 
tion. 

It  is  probable  that  the  greater  part  of  the  inhab- 
itants of  all  worlds  are  in  a  state  of  innocence, 
or,  in  other  words  that  they  remain  in  that  state 
of  moral  rectitude  in  which  they  were  created; 
for  we  may  assume  it  as  an  axiom  that  every  ra- 
tional being,  when  first  ushered  into  existence,  is 
placed  in  a  state  of  innocence  or  moral  rectitude, 
without  any  natural  bias  to  mora!  evil.  To  sup- 
pose the  contrary  would  be  to  admit  that  the  Di- 
vine Bf'ing,  who  is  possessed  of  perfi.'ct  holiness 
and  rectitude,  infuses  into  rational  beings  at  their 
creation  a  princii)le  of  sin,  or  a  tendency  to  moral 
evil,  which  would  be  inconsistent  with  every 
scriptural  view  we  can  take  of  the  character  of 
God.  Such  beings,  therefore,  so  long  as  they 
continue  in  their  primeval  rectitude,  are  in  a  state 
of  happiness;  and  every  arrangement  of  the  Crea- 
tor in  relation  to  them  must  be  conceived  as  hav- 
ing a  direct  tendency  to  promote  their  sensitive 
and  intellectual  enjoyment.  Moral  evil,  however, 
has  been  introduced  into  the  universe,  and  we 
know  by  experience  many  of  its  malignant  and 
miserable  effects.  For  anything  we  know  to  the 
contrary,  the  operation  of  this  principle  iruJij  be 
fell  in  some  other  worlds  beside  our  own,  though 
W8  have  reason  to  believe,  from  a  consideration  of 
Divine  goodness,  that  its  etTects  are  not  very 
•xtensive.  Its  introduction  into  the  world  has 
lioubtiess  been  permitted  in  order  to  bring  about 
s  greater  good  to  the  unirerse  at  large  than  could 
l»uve  been  accomplished  without   it,  in  order  to 


exhibit  to  the  intelligent  system  a  display  of  the 
miserable  and  extensive  eflects  which  necessarily 
flow  from  a  violation  of  the  original  moral  lawa 
given  forth  by  the  Creator,  and  to  demonstrates  Dhe 
indispensable  necessity  of  a  universal  adherence 
to  these  laws,  in  order  to  secure  the  harmony  and 
the  happiness  of  the  intelligent  universe. 

In  conformity  to  the  axiom  stated  above,  we 
must  necessarily  suppo.se  that  rational  beings, 
wherever  existing,  were  created  in  perfect  moral 
purity,  and  liau  a  law  or  laws  impressed  upon  their 
minds  congenial  to  the  holiness  of  tlie  Almiylity 
Creator,  aud  calculated  to  promote  the  moral  or- 
der of  the  intelligent  system,  and  consequently 
the  happiness  of  every  individual  belonging  to  it. 
Moral  order  consists  in  the  harmonious  arrange- 
ment, disposition,  and  conduct  of'  intelligent  be- 
ings, corresponding  to  the  relations  in  which  they 
stand  to  one  another  and-  to  tlndr  Creator,  and 
calculated  to  promote  their  mutual  happiness.-— 
Wherever  moral  order  prevails,  every  being  holds 
its  proper  station  in  the  universe,  acts  according 
to  the  nature  of  that  station,  uses  its  faculties  for 
the  purpose  for  which  they  were  originally  intend- 
ed, displays  dispositions  and  emotions  toward 
fellow-creatures  and  the  Creator  corresponding  to 
the  respective  relations  in  which  they  stand,  and 
endeavors  to  promote  enjoyment  among  all  sur- 
roundi)ig  brings.*  For  the  purpose  of  securing 
moral  order,  certain  moral  laws  must  be  supposed 
to  be  promulgated  by  the  Creator,  or  at  least  writ- 
ten' upon  the  hearts  of  all  rational  beings,  as  prin- 
ciples of  action,  to  regulate  all  the  moveinonts  of 
the  intelligent  system.  These  laws  must  be  s//6- 
stautially  the  same  as  to  their  general  bearings 
throughout  all  the  workis  in  the  universe. 

But,  it  may  be  aslced,  what  are  those  general 
laws  to  which  I  allude,  and  have  they  ever  been 
promulgated  to  man  upon  earth  ?  I  answer,  they 
have  actually  been  revealed  to  the  inhabitants  of 
our  globe  by  the  highest  authority,  and  reason 
can  demonstrate  their  applicabilily  to  all  worlds. 
They  are  these — "Thou  sii.\i.t  love  t.he  Lord 
Tuv  God  with  all    thy  heart,  an'd  with    all 

THY  -MIND,  AND   WITH    ALL  THY  STRENGTH.       This  18 

the  first  and  great  commandment.  And  the  second 
is  like  unto  it:  Thou  shalt  love  thy  neighboe 
AS  THYSELF."  These  laws  are  not  to  be  Consider- 
ed as  confined  merely  to  the  regulation  of  tlie  af- 
fections and  actions  of  liuman  beings,  but  to  eve- 
ry individual  of  the  moral  system,  wherever  ex- 
isting ;  for  we  cannot  for  a  moment  suppose  that 
laws  directly  opposite  to  these  would  be  given  by 
the  Creator  to  any  class  of  intelligences.  It  would 
be  inconsistent  with  everything  we  know  of  tha 
character  of  the  Divinity  to  imagine  that  he  would 
promulgate  to  any  class  of  beings  such  laws  as 
these: — "Thou  shalt  hate  thy  Creator,"  and  "thoa 
shalt  hate  all  thy  fellow-creatures."  And  if  such 
an  idea  would  evidently  involve  in  it  a  glaring  in- 
consistency and  absurdity,  then  it  follows  that  thSj 
very  opposite  of  such  injunctions  must  be  the 
general  principles  which  govern  the  inhabitants 
of  all  worlds  that  have  retained  their  allegiance  to 
their  Creator.  There  is  not  a  single  being  possess- 
ed of  a  rational  nature,  either  in  the  planetary 
system  to  which  we  belong  or  to  any  other  system 
throughout  the  sidereal  heavens,  hut  is  under  .n- 
dispensuble  obligations  to  regulate  its  conduct  by 
the  two  general  laws  or  principles  to  which  we 
have  referred,  and  to  yield  a  complete  and  unre- 
served obedience  to  all  that  is  included  in  such  re- 


*  For  a  particular  illustration  of  moral  order,  the  readei 
is  referred  to  "  Tlic  Philosophy  of  Religion,"  Preliminary 
Dejinitions,  Sect.  i. 
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quisitions.  Wlierever  such  obedience  is  complete, 
order,  harmony,  and  liappiness  are  tlie  natural  and 
necessary  results;  but  could  we  suppose  these 
laws  reversed,  and  the  inhnbilants  of  any  worlds 
to  act  on  principles  directlj'  opposite,  a  scene  of 
anarchy,  confusion,  and  misery  would  ensue, 
which  would  completely  disorganize  the  social 
system,  and  render  existence  a  curse  rather  than  a 
blessing;  and  in  worlds  where  those  laws  are/iar- 
tially  violated,  as  in  the  world  in  which  we  dwell, 
disorder  and  misery  will  be  the  result  in  propor- 
tion to  the  frequency  and  extent  of  their  viola- 
tion. 

These  are  the  laws  by  which  not  only  man  on 
earth,  but  all  "the  principalities  and  powers  of 
heaven,"  are  governed  and  directed,  and  by  which 
they  are  bound  to  regulate  all  their  thoughts,  af- 
fections, and  conduct.  The  lowest  orders  of  ra- 
tional existence  come  within  the  range  of  these 
universal  laws,  and  the  highest  orders  of  the  sera- 
phim are  not  beyond  their  control.  As  the  law 
of  gravitation  extends  its  influence  throughout  all 
the  planetary  worlds,  and  even  to  the  remotest 
stars,  uniting  the  whole  in  one  harmonious  sys- 
tem, so  the  law  of  universal  love  diffuses  its  intlu- 
ence  over  the  intelligent  universe,  uniting  the  in- 
dividuals who  are  subject  to  its  sway  in  one  har- 
monious and  happy  association.  Hence  it  follows, 
that  were  we  completely  animated  by  this  noble 
principle,  and  were  we  permitted  to  visit  those 
worlds  where  it  reigns  supreme,  and  to  mingle 
with  their  inhabitants,  we  should  be  recognized  as 
friends  and  brethren,  and  participate  of  all  tho^ 
pleasures  and  enjoyments  of  which  it  is  the  source. 
The  full  recognition,  then,  of  the  laws  to  which 
we  have  referred,  and  their  complete  and  uninter- 
rupted influence  over  the  moral  powers,  may  be 
considered  as  qualifying  the  individual  for  being 
a  citizen  of  the  great  moral  universe,  and  for  as- 
sociating with  all  holy  beings  throughout  the  wide 
empire  of  omnipotence,  should  he  ever  be  per- 
mitted, at  any  period  of  duration,  to  visit  other 
worlds,  and  mingle  with  other  orders  of  rational 
intelligences.* 

These  laws,  in  reference  to  the  inhabitants  of 
our  world,  diverge  into  numerous  ramifications. 
The  precepts  of  the  moral  law,  or  the  ten  com- 
mandments, are  so  many  branches  of  moral  duty 
flowing  from  these  first  principles;  and  in  the  dis- 
courses of  our  Saviour  and  the  practical  parts  of 
the  apostolic  epistles  they  diverge  into  still  more 
specific  and  minute  ramifications,  bearing  upon 
all  the  diversified  relations  of  life  and  the  various 


*  For  more  particular  details  on  this  subject,  the  reader 
is  referred  to  "The  Philosophy  of  Religion;"  particularly 
Cliapt.  ii,  Sect.  vi. 


circumstances  connected  with  moral  conduct. — 
But  all  the  particular  rules  and  precepts  alluded  to 
are  resolvable  into  the  general  principles  or  affec- 
tions stated  above,  and  bear  the  same  relations  to 
each  other  as  the  trunk  of  a  tree  to  its  branches, 
or  as  a  fountain  to  the  diversified  streams  which  il 
sends  forth.  In  other  worlds  relations  may  exist 
different  from  those  which  are  found  in  human 
society,  and  consequently  particular  precepts,  dif- 
ferent from  ours,  may  form  a  part  of  their  mora) 
code,  while  certain  relations  which  obtain  among 
us  u'.;y  have  no  place  among  other  orders  of  be- 
ings, and  of  course,  the  precepts  which  particu- 
larly b'  ar  upon  such  relations  will  be  in  their  cir- 
cumstances altogether  unnecessary.  But  we  may 
rest  assured  that  all  the  particular  precepts,  appli- 
cable to  whatever  circumstances  and  relation.s 
may  exist  in  other  regions  of  creation,  will  be 
founded  on  the  universal  principles  to  which  we 
have  adverted,  and  be  completely  conformable  to 
their  spirit,  and  to  the  benevolent  designs  they  are 
intended  to  accomplish. 

In  all  those  worlds  where  the  love  of  God  and 
of  fellow-intelligences  reigns  supreme,  the  inhabi- 
tants may  be  conceived  to  make  rapid  improve- 
ments in  knowledge;  for  the  malignant  principles 
and  passions  which  prevail  among  men  have,  in 
numerous  instances,  been  the  means  of  retarding 
the  progress  of  useful  science  and  its  difFusiou 
throughout  society.  But  where  love  in  all  its 
emanations  pervades  every  mind,  society  will 
unite  and  harmonize  in  the  prosecution  of  every 
plan  by  which  the  intellectual  faculty  may  ha 
iri'adiated  and  happiness  diffused.  Beside,  in  such 
a  state  of  society,  truth  will  be  forever  triumphant 
and  falsehood  unknown.  Every  fact  will  be 
fairly  and  truly  exhibited  without  deception,  or 
the  least  tendency  to  misrepresentation  or  exagge- 
ration. There  will  be  the  most  complete  reliance 
on  personal  evidence  in  regard  to  every  fact  and 
circumstance  which  has  been  witnessed  by  any 
individuals;  for  want  of  which  confidence  in  our 
world,  the  rational  inquirer  has  been  perplexed 
by  the  jarring  statements  of  lying  travelers  and 
pretended  philosophers;  erroneous  theories  have 
been  framed,  the  mists  of  falsehood  have  inter- 
cepted the  light  of  truth,  the  foundations  of  trire 
knowledge  undermined,  and  science  arrested  in 
its  jyrogress  toward  perfection.  All  such  evils, 
however,  will  be  unknown  in  worlds  where  tlie 
inhabitants  have  arrived  at  moral  perfection. 

In  fine,  from  what  has  been  now  stated,  we 
may  conclude  that  the  Kpirit,  the  principle,  and 
essence  of  our  holy  religion,  as  delineated  in  the 
Scriptures,  must  be  common  to  all  the  inhabitants 
of  the  universe  v/ho  have  retained  their  primeval 
rectitude  and  innocence. 


CHAPTER    XIX. 


A  SUMMARY   VIEW   OF  THE    UNIVERSE. 


Having  in  the  preceding  pages  afforded  a  few 
fetches  in  reference  to  the  principal  facts  con- 
nected with  the  sidereal  heavens,  vvliicL  constitute 
the  most  extensive  portion  of  creation  within  the 
limits  of  our  knowledge,  it  may  not  be  inexpedient 
to  take  a  summary  view  of  the  range  of  objects 
to  whicJh  our  attention  has  been  directed,  in  order 
to  direct  our  occasional  reflections  on  this  subjecl, 
and  to  enable  us  to  form  an  approximate,  thougli 
faint  and  limited,  idea  of  that  universe  over  which 
Omnipotence  presides,  and  of  the  perfections  of 
its  adorable  Author. 

We  can  obtain  an  approximate  idea  of  the  uni- 
verse, only  by  commencing  a  train  of  thought  at 
tliose  objects  with  which  we  are  more  immediately 
conversant,  and  ascending  gradually  to  objects 
and  scenes  more  distaiit  and  expansive.  We  are 
partly  acquainted  with  the  objects  wliich  consti- 
tute the  landscape  around  us,  of  which  we  form 
a  part, — the  hills,  the  plains,  the  lofty  mountains, 
tlie  forests,  the  rivers,  the  lakes,  and  the  portions 
of  tiie  ocean  that  lie  immediately  adjacent.  But 
all  the  range  of  objects  we  can  behold  in  an  ordi- 
nary landscape  forms  but  a  very  small  and  incon- 
siderable speck,  compared  with  the  whole  of  the 
mighty  continents  and  islands,  the  vast  ranges  of 
lofty  mountains,  and  the  expansive  lakes,  seas, 
and  oceans  which  constitute  the  surface  of  the 
terraqueous  globe.  It  would  be  requisite  that 
more  than  nine  hundred  thousand  landscapes,  of 
the  extent  we  generally  behold  around  us,  should 
be  made  to  pass  in  review  before,  and  a  sufHcient 
time  allowed  to  take  a  distinct  view  of  the  objects 
of  which  tiiey  are  composed,  ere  we  could  form 
an  adequate  conception  of  the  magnitude  and  the 
immense  variety  of  objects  on  tlie  whole  earth. 
Were  only  twenty  minutes  allotted  for  the  con- 
templation of  every  landscape,  and  ten  hours 
every  day,  it  v/ould  require  ninety  years  of  con- 
stant observation  before  all  the  prominent  objects 
on  the  surface  of  the  globe  could  thus  be  sun'eyed. 
Were  it  possible  to  take  a  distinct  mental  survey 
•f  such  a  number  of  landscapes,  we  might  acquire 
a  tolerable  conception  of  tlie  amplitude  of  our 
globe,  and  it  would  serve  as  a  standard  of  com- 
parison for  other  globes  which  far  excel  it  in 
magnitude.  But,  I  believe,  very  few  persons  are 
capable  of  forming,  at  one  conception,  a  full  and 
comprehensive  idea  of  the  superficial  extent  of 
the  world  in  which  we  dwell,  whose  surface  con- 
tains no  less  than  one  hundred  and  ninety-seven 
millions  of  square  miles.  The  most  complete 
conception  we  can  form  must  indeed  fall  very  far 
short  of  the  reality. 

But  however  ample  and  correct  our  conceptions 
might  be,  and  however  great  this  earth  might 
appear  in  the  view  of  the  frail  beings  that  inhabit 
it,  we  know  that  it  is  only  an  inconsiderable  ball, 
when  compared  with  some  of  the  planetary  bodies 
belonging  to  our  own  system.  One  of  these  bodies 
would  contain  within  its  dimensions  nine  hundred 
globes  as  large  as  this  earth, — another,  fourteea 


hundred  of  similar  globes;  and  were  five  hundrefl 
globes,  as  large  as  that  on  which  we  dwell,  ar- 
ranged on  a  vast  plain,  the  outermost  ring  of  the 
planet  Saturn,  which  is  643,000  miles  in  circum- 
ference, would  inclose  them  all.  Such  are  the 
vast  dimensions  of  some  of  those  bodies,  which 
appear  only  like  lucid  specks  on  the  concave  sur- 
face of  our  sky.  This  earth,  however,  and  all 
the  huge  planets,  satellites,  and  comets,  comprised 
within  the  range  of  the  solar  system,  bear  a  very 
small  proportion  to  that  splendid  luminary  which 
enlightens  our  day.  The  sun  is  five  hundred 
times  larger  than  the  whole,  and  would  contain 
within  its  vast  circumference  thirteen  hundred 
thousand  globes  as  large  as  our  world,  and  more 
than  sixty  millions  of  globes  of  the  size  of  the 
moon.  To  contemplate  all  the  variety  of  scenery 
on  the  surface, of  this  luminary,  would  require 
more  than  fifty-five  thousand  years,  although  a 
landscape  of  five  thousand  square  miles  in  extent 
were  to  pass  before  our  eyes  every  hour.  Of  a 
globe  of  such  dimensions,  the  most  vigorous  im- 
agination, after  its  boldest  and  most  extensive 
excursions,  can  form  no  adequate  conception.  It 
appears  a  kind  of  universe  in  itself;  aiid  ten 
thousands  of  years  would  be  requisite  before 
human  beings,  with  their  present  faculties,  could 
thoroughly  investigate  and  explore  its  vast  dimen- 
sions and  its  hidden  wonders. 

But  great  as  the  sun  and  his  surrounding  planets 
are,  they  dwindle  into  a  point  when  we  wing  our 
flight  toward  the  starry  firmament.  Before  we 
could  arrive  at  the  nearest  object  in  this  firma- 
ment, we  behooved  to  pass  over  a  space  at  least 
twenty  billions  of  miles  in  extent, — a  space  which 
a  cannon  ball,  flying  with  its  utmost  velocity, 
would  not  pass  over  in  less  than  four  millions  of 
years.  Here  every  eye,  in  a  clear  winter's  night, 
may  behold  about  a  thousand  shining  orbs,  most 
of  them  emitting  their  splendors  from  spaces  im- 
measurably distant;  and  bodies  at  such  distances 
must  necessarily  be  of  immense  magnitude.  There 
is  reason  to  believe  that  the  least  twinkling  star 
which  our  eyes  can  discern  is  not  less  than  the 
sun  in  magnitude  and  in  splendor,  and  that  many 
of  them  are  even  a  hundred  or  a  thousand  times 
superior  in  magnitude  to  that  stupendous  lumi- 
nary. But  bodies  of  such  amazing  size  and  splen- 
dor cannot  be  supposed  to  have  been  created  in 
vain,  or  merely  to  uilfuse  a  useless  luster  over  the 
wilds  of  immensity.  Such  an  idea  would  be 
utterly  inconsistent  with  the  perfections  of  the 
Divinity,  and  all  that  we  know  of  his  character 
from  the  revelations  of  his  word.  If  this  earth 
would  have  been  "created  in  vain,"  had  it  not 
been  inhabited,*  so  those  starry  orbs,  or,  in  other 
words,  those  magnificent  suns  would  likewise 
have  been  created  in  vain,  if  retinues  of  worlds 
and  myriads  of  intelligent  beings  were  not  irra- 
diated and  cheered  by  their  benign  influence. 


'  Isaiah  xlv,  16. 
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These  tliousand  stars,  then,  which  tho  iiiias- 
Bisted  eye  can  perceive  in  the  canopy  of  heaven, 
may  be  coiisidered  as  connected  v/ith  at  least  fij'hj 
thousand  worlds;  compared  with  the  amount  of 
who^ie  popukilion  ;dl  (he  inhabitants  of  our  globe 
woitlu  appear  oidy  as  "  the  smallest  dust  ol'  the 
balance."  Here  the  imagination  might  expatiate 
for  ages  of  ages  in  snrvt-ying  this  portion  of  the 
Creator's  kingdom,  and  be  lost  in  contemplation 
and  wonder  at  the  vast  extent,  the  magnitude,  the 
raagiiihcence,  and  tiie  immense  variety  of  scenes, 
objects,  and  movements  which  would  meet  the 
view  in  every  direction;  for  here  we  have  pre- 
sented to  the  mental  eye,  not  only  single  suns 
and  single  systems,  such  as  that  to  which  we 
beloiig,  but  suns  revolving  around  suns,  and  sys- 
tems around  systems, — systems  not  only  double, 
but  treble,  quadruple,  and  multiple,  all  in  com- 
plicatt-d  but  harmonious  motion,  performing  mo- 
tions more  rapid  than  the  swiftest  planets  in  our 
system,  though  some  of  them  move  a  hundred 
thousand  miles  cverj'  hour, — finisliing  periods  of 
revolution,  some  in  o(l,  some  in  .SOO,  alid  some  in 
1600  years.  We  b(i!old  suns  of  a  blue  or  green 
luster  rtvolving  around  suns  of  a  white  or  a  ruddy 
color,  and  both  of  them  illuminating  witii  con- 
trasted colored  ligiit  the  same  assemblage  of 
worlds.  And  if  the  various  orders  of  intelli- 
gences connected  with  these  systems  were  un- 
veiled, what  a  scene  of  grandeur,  magnificence, 
variety,  diversity  of  intellect,  and  of  wonder  and 
astonishment,  would  burst  upon  t4ie  view  I  Here 
we  might  be  apt  to  imagine  that  the  whole  glories 
of  the  Creator's  empire  have  been  disclost*!,  and 
that  we  had  now  a  prospect  of  universal  nature 
in  all  its  extent  and  grandeur. 

But  although  we  should  have  surveyed  the 
whole  of  this  magnificent  scene,  we  should  still 
find  ourselves  standing  only  on  the  outskirts,  or 
the  extreme  verge  of  creation.  What  if  all  the 
stars  which  the  unassisted  eye  can  discern  be  only 
a  few  scattered  orbs  on  the  outskirts  of  a  cluster 
immerisidy  more  numerous?  What  if  all  this 
Bcene  of  grandeur  be  only  as  a  small  lucid  speck 
compared  with  the  whole  extent  of  the  firma- 
ment? There  is  demonstrative  evidence  from 
observation  that  this  is  in  reality  the  case.  In 
one  lucid  circle  in  the  heavens,  scarcely  percep- 
tible on  a  cursory  view  of  the  firmament,  there 
are  twenty  thousand  times  more  stars  distin- 
guishable by  the  telescope  than  what  the  naked 
eye  can  discern  throughout  the  visible  canopy  of 
heaven.  The  Milky  Way,  were  it  supposed  to 
contain  the  same  number  of  stars  tliroughout  its 
whole  extent  as  have  been  observed  in  certain 
portions  of  it,  would  com|)rise  no  less  than 
20,191,000  stars;  and  as  each  of  these  stars  is 
doubtless  a  sun,  if  we  suppose  only  fifty  planets 
or  worlds  connected  with  each,  we  shall  have  no 
less  than  1,009,550,000,  or  more  than  a  thousand 
millions  of  worlds  contained  within  the  .space  oc- 
cupied by  this  lucid  zone.  Here  an  idea  is  pre- 
sented which  completely  over|)owers  the  human 
faculties,  and  at  which  the  boldest  imagination 
must  shrink  back  at  any  attempts  to  form  an 
approx'mate  coiiception.  A  thousand  millions  of 
worlds!  We  may  state  such  a  fact  in  numbers  or 
in  words,  but  the  brightest  and  most  expansive  hu- 
man intellect  must  utterly  fail  in  grasping  all  that 
is  comprehended  in  this  mighty  idea;  and  perhaps 
intelligences  possessed  of  powers  far  superior  to 
tliose  of  man  are  inadequate  to  form  even  an 
approximate  conception  of  such  a  -stujiendous 
scene.  Yet  this  scene,  magnificent  and  over- 
powering as  it  is  to  limited  minds  .nuch  as  ours,  is 
not  the  scene  of  the  universe;  it  is  only  a  com- 


paratively insignificant  speck  in  the  map  of  crea- 
tion, which  beings  at  remote  distances  may  be 
unable  to  detect  in  the  canoj)y  of  their  sky,  or  at 
most  will  discern  it  only  as  an  obscure  point  in 
the  farthest  extremities  of  their  view,  as  we  dis- 
tinguish a  fuint  nebulous  star  through  our  best 
telesco])es. 

Ascending  from  the  Milky  Way  to  the  still 
remoter  regions  of  space,  we  peiceive  several 
thousands  of  dim  specks  of  light  which  powerful 
telesclopes  resolve  into  immense  clusters  of  stars. 
These  nebula,  as  tiiey  are  called,  may  be  consi- 
dered as  so  many  milky  v/ays,  and  some  of  thera 
are  supposed  even  to  "outvie  our  Milky  Way  in 
grandeuj'."  Above  three  thousand  of  these  ue- 
buhe  have  been  discovered;  and  if  only  two  thou- 
sand be  supposed  to  be  resolvable  into  starry 
groups,  and  to  be  as  rich  in  stars  at  an  average  as 
our  Milky  Way,  then  we  are  presented  with  a 
scene  which  comprises  2000  times  20,191,000,  or 
40,382,000,000,  that  is,  more  than  forty  thousend 
millions  of  stars.  And  if  we  suppose,  as  formerly, 
fifty  planetary  globes  to  be  connected  with  each, 
we  have  exhibited  before  us  a  prospect  which 
includes  2,019,100,000,000,  or  two  billions,  nine- 
teen  thousand  one  hundred  millions  of  worlds. 
Of  such  a  number  of  bodies  we  can  form  no  dis- 
tinct conception,  and  much  less  can  vve  form  even 
a  rude  or  approximate  idea  of  the  grandeur  and 
ma</nijicence  which  the  whole  of  such  a  scene 
must  display.  Were  we  ttt  suppose  each  of  these 
bodies  to  pass  in  review  before  us  every  minute,  it 
would  require  more  than  three  millions,  eight 
hundred  and  forty  thousand  j'ears  of  unremitting 
observation  beibre  the  whole  could  be  contem- 
plated even  in  this  rapid  manner.  Were  an  hour's 
contemplation  allotted  to  eueli,  it  would  require 
two  hundred  and  thirty  millions,  four  hundred 
thousand  years  until  all  the  series  passed  under 
review;  and  were  we  to  suppose  an  intelligent 
being  to  remain  fil'ty  years  in  each  world  for  the 
purpose  of  taking  a  more  minute  survey  of  its  pecu- 
liar scenery  and  decorations,  100,955, 0i)0,000,000, 
or  a  hundred  billions,  nine  hundred  and  fiftj'-fiva 
thousand  millions  of  years  would  elapse  befora 
such  a  survey  could  be  completed;  a  number  of 
years  which  to  limited  minds  seem  to  approximate 
to  sometliing  lik^!  eternity  itself. 

Still,  all  this  countless  assenihlage  of  svns  and 
worhls  is  not  the  nuiverse.  Allhough  we  could 
range  on  the  wings  of  a  serajih  through  all  this 
continence  of  sidereal  systems,  it  is  more  than 
probable  that  we  should  find  ourselves  standing 
only  on  the  verge  of  creation,  and  tliat  a  bound- 
less prospect,  stretching  toward  infinity  on  every 
side,  would  still  be  presented  to  view;  for  we  can- 
not suppose  for  a  moment  that  the  em])ire  of 
Omnipotence  ternnnafes  at  tiie  boundaries  of 
human  vision,  even  when  assisted  by  the  most 
])owerful  instruments.  Other  intelligences  may 
liave  powers  of  vision  capable  of  penetrating  into 
space  a  hundred  times  farther  than  ours  when  as- 
sisted with  all  the  improvements  of  art;  but  even 
such  beings  cannot  be  supposed  to  have  penetrated 
to  the  uttermost  boundaries  of  creation.  Man,  iu 
iiitnre  ages,  by  the  improvements  of  optical  instru 
ments,  may  be  able  to  penetrate  much  farther  into 
the  remote  regions  of  space  than  he  has  hitherto 
done,  and  may  descry  myriads  of  objects  which 
have  hi iherto  remained  invisible  in  the  unexplored 
regions  of  immensity.  Ever  since  the  invention  of 
the  telescope,  one  discovery  has  followed  another 
in  almost  regular  succession.  In  proportion  to  (h» 
increase  and  activity  of  astronomical  observers, 
and  the  improvement  of  the  instruments  of  obser- 
vation, the  more  remote  spaces  of  creation  haV9 
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been  explored,  and  new  scenes  of  the  universe 
laid  open  to  human  contemplation.  And  who 
shall  set  boundaries  to  the  improvements  and  dis- 
coveries of  future  and  more  enlightened  genera- 
tions? Before  the  invention  of  the  telescope,  it 
would  have  been  foolish  to  have  asserted  that  no 
more  sturs  existed  than  those  which  were  visible 
lo  the  naked  eye;  and  after  Galileo  had  discovered 
with  liis  first  telescope  hundreds  of  stars  which 
were  previously  unknown,  it  would  have  heen 
equally  absurd  to  have  maintained  tbat  the  tele- 
scope would  never  be  further  improved,  and  that 
no  additional  stars  would  afterward  be  discovered. 
It  would  be  a  position  equuUy  untenable  to  main- 
lain,  that  we  sliall  never  be  able  lo  descry  objects 
in  the  heavens  heyoud  the  boundaries  which  we 
have  hilberto  explored,  since  science  ha§  only 
lately  commenced  its  rapid  pro;:;ress,  and  since 
man  is  little  more  than  just  bejinidug  to  employ 
bis  powers  in  such  ujvestiojations. 

But  however  extensive  may  be  the  discoveries 
of  future  ages,  we  may  lay  it  down  as  an  axiom, 
that  neither  man  nor  any  other  rank  of  finite 
beinjfs  will  ever  be  able  to  penetrate  to  the  further 
boundaries  of  creation.  It  would  be  presumptu- 
ous to  suppose  that  a  being  like  man, — wiiose 
filature  is  comprehended  within  the  extent  of 
two  yards,  who  vanishes  from  the  sight  at  the 
distance  of  a  German  mile,  whose  whole  habita- 
tion sinks  into  an  invisible  point  at  the  distance 
of  Jupiter,-  who  resides  on  one  of  the  smallest 
class  of  bodies  in  the  universe,  and  whose  powers 
of  vision  and  of  intellect  are  so  limited, — should 
be  able  to  extend  his  views  to  the  extreine  limits 
of  the  empire  of  the  Eternal,  and  to  descry  all  the 
systems  which  are  dispersi'd  throughout  the  range 
of  infinitude.  It  is  more  reasonable  to  believe 
that  all  that  has  yet  been  discovered  of  the  opera- 
tions of  Omnipotence  that  lie  within  the  bounda- 
ries of  human  vision,  is  but  a  very  small  portion 
of  what  actually  exists  within  the  limits  of  crea- 
tion; that  the  two  billions  and  nineteen  thousand 
millions  of  worlds  which  we  have  assumed  as  the 
ficeue  of  the  visible  universe,  are  only  as  a  single  star 
to  the  whole  visible  firmament,  or  even  as  a  single 
grain  of  sand  to  all  the  myriads  of  particles  wliicli 
cover  the  sea-shores  and  the  bed  of  the  ocean, 
when  compai'ed  with  what  lies  beyond  ^Jie  utmost 
range  of  mortal  vision;  for  who  can  set  bounds 
to  infinitude,  or  to  the  operations  of  Him  whose 
power  is  omnipotent,  "  whose  ways  are  unsearcii- 
able,"  and  "  whose  understanding  is  infinite'.'" 
All  that  we  have  yet  discovered  of  creative  exis- 
tence, vast  and  magnificent  as  it  appears,  may  be 
only  a  small  corner  of  some  mightier  scheme 
which  stretches  throughout  the  length  and  breadth 
of  immensity, — of  which  the  highest  created  intel- 
lect may  have  only  a  few  faint  glimpses,  which 
will  be  gradually  opening  to  view  throughout  the 
revolutions  of  eternity,  and  which  will  never  be 
fully  explored  during  all  the  periods  of  an  inter- 
minable existence.  What  is  seen  and  known  of 
creation  may  be  as  nothing  compared  with  what 
IS  unseen  and  unknown;  and  as  the  ages  of  eter- 
nity roll  on,  the  empire  of  the  Almighty  may  be 
gradually  expanding  in  its  extent,  and  receiving 
new  additions  to  its  glory  and  magnificence. 

flencer  v/e  may  conclude  that  there  is  no  cre- 
ated being,  even  of  the  highest  order  of  intelli- 
gences, that  will  ever  be  able  to  survey  the  whole 
scene  of  the  universe.  Of  course,  man,  though 
destined  to  immortality,  will  ni'ver  acquire  a  com- 
plete knowledge  of  the  whole  range  of  the  Crea- 
tor's operations,  even  during  the  endless  existence 
which  lies  before  him;  for  his  faculties,  however 
much  expanded  iu  that  state,  will  be  utterly  in- 
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adequate  to  grasp  a  scene  so  boundless  and  august. 
It  will  be  a  part  of  Jiis  iiappiness  that  he  will 
never  be  able  to  comprehend  the  universe;  for  at 
every  period  of  his  future  existence  lie  will  still 
behold  a  boundless  prospect  stretched  out  before 
liim,  wiih  new  objects  continually  rising  to  view, 
in  tile  contemplation  of  whicli,  innumerable  ages 
may  roll  away  without  the  least  apprehension  of 
ever  arriving  at  the  termination  of  the  scene. 
Were  a  superior  intelligence  ever  to  arrive  at 
such  a  point,  from  that  moment  his  liappiiu-ss 
would  be  diminished,  his  intellectual  powers 
would  lose  their  energy,  his  love  and  adorations 
of  the  Supreme  would  wax  faint  and  languid, 
and  he  would  feel  as  if  nothing  new  and  trans- 
porting were  to  be  added  lo  his  enjoyments 
throughout  all  the  periods  of  his  future  existencf. 
But  the  inrmensity  of  ihe  universe,  and  the  bound- 
less nature  of  the  dominions  of  "  the  King  Eter- 
nal," will  forever  prevent  any  such  efiects  from 
being  produced  iu  the  case  of  all  virtuous  and 
holy  intelligences. 

Beside  the  numerous  bodies  to  which  we  have 
above  alluded,  there  are  several  other  objects  which 
require  to  be  contemplated,  in  order  to  amplify 
our  views  of  the  visible  universe.  Those  nebulous 
specks  in  the  remote  regions  of  the  heavens 
termed  planetary  nebula  have  never  yet  been  re- 
solved into  stars,  and  are  in  all  probability  bodies 
of  a  dilierent  nature  from  the  Milky  Way  and 
other  siiiereal  systems.  Their  magnitu^ie  is  aston- 
ishing, since  some  of  them  would  fill  a  cubical 
space  equal  to  the  diameter  of  the  orbit  of  Ura- 
nus, which  would  contain  24,000,000,000.000,- 
000,000,000,000,000,  or  twenty-four  thousand 
quarliilions  of  solid  miles;  that  is,  they  are  sixty- 
eight  thousand  millions  of  times  larger  tlian  the 
sun.  Such  bodies  present  to  our  view  magnitudes 
more  astonishing  than  any  others  to  be  fonnd 
within  the  range  of  the  visible  creation,  and  over- 
whelm the  mind  with  wonder  and  amazement  at 
what  can  possibly  be  llieir  nature  and  destination. 
Several  other  nebulte  are  no  less  wonderful,  such 
as  that  in  the  coustellation  of  Orion  whicli  even 
surpasses  in  magnitude  the  dimensions  now  stated. 
It  has  been  computed  to  be  2,-200,000,000,000,- 
000,000,  or  two  trillions,  two  hundred  thousand 
billions  of  times  larger  than  the  sun, — a  magni- 
tude which  we  can  scarcely  suppose  within  the 
power  of  any  finite  being  to  grasp  or  to  compre- 
hend. For  what  end  such  huge  masses  of  matter 
were  created  must  remain  a  mystery  to  mortals 
so  long  as  they  are  confined  to  this  sublunary 
scene.  Perhaps  they  are  intended  to  give  us  a 
glimpse  of  objects  and  arrangements  in  the  Divine 
economy  altogetlier  difFerent  from  those  we  per- 
ceive in  the  planetary  system,  and  iu  the  other 
parts  of  the  sidereal  heavens.  But  whatever  may 
be  tliL'ir  ultimate  destination,  vi'e  may  rest  assured 
that  they  serve  a  purpo.se  in  the  plan  of  tlie  Di- 
viue  administration  worthy  of  their  magnitude, 
and  of  the  perfections  of  Him  by  whom  they 
were  created.  They  were  brouglit  into  existenca 
by  the  same  power  which  reared  the  other  parts 
of  creation;  and  as  power  is  always  accompanied 
with  wisdom  and  goodness,  they  must  have  an 
ultimate  reference  to  the  accommodation  and  hap- 
piness of  rational  beings,  under  an  economy,  per- 
liaps,  widely  difterent  from  that  of  the  planetary 
and  other  sj-stems. 

Having  taken  a  cursory  view  of  the  magnitudes 
of  the  numberless  bodies  scattered  through  the 
regions  of  space,  let  us  now  consider  the  motions 
which  are  incessantly  going  forward  in  every  part 
of  the  universe;  for  all  the  myriads  of  globes  aaa 
systems  to  which  we  have  alluded  are  in  rapij 
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and  perpetiKil  motion;  and  we  have  no  reason  to 
believe  that  there  is  a  single  quiescent  body 
throufihout  the  immensity  of  creation.  We  have 
here  planets  revolving  around  suns,  planets  re- 
volving around  planets,  suns  performing  tlieir 
revolutions  around  suns,  suns  revolving  liround 
the  centers  of  sidereal  systems,  and,  in  all 
probahilily,  every  system  of  creation  revolv- 
ing round  the  center  and  Grand  Mover  of  the 
whole.  The  rate  of  these  motions,  in  every 
known  instance,  is  not  less  than  several  thousands 
of  miles  every  hour,  and  in  many  instances, 
thousands  of  miles  in  a  minute.  The  motions 
which  are  found  among  the  planetary  globes  ap- 
pear, at  first  view,  altogether  astonishing,  and  al- 
most to  exceed  belief,  when  we  con.si,!er  the  enor- 
mous size  of  some  of  these  bodies.  That  a  globe 
a  thousand  times  larger  than  our  world  should  fly 
at  the  rate  of  thirty  thousand  miles  an  hour,  and 
carry  along  with  it  a  retinue  of  other  mighty 
globes  in  its  swift  career,  is  an  object  that  may 
well  strike  us  with  wonder  and  amazement.  But 
the  fixed  stars  —  though  to  a  common  observer 
they  appear  exactly  in  the  same  positions  with 
regard  to  each  other  —  are  found,  in  some  in- 
stances, to  be  carried  forward  with  motions  far 
more  rapid  than  even  the  bodies  of  the  planetary 
system,  though  their  magnitude  is  immensely  su- 
perior. We  have  already  seen  that  the  star*  61 
Cygni,  whose  apparent  motion  is  five  seconds  an- 
nually, and  consequently  imperceptible  to  a  com- 
mon observer,  yet  at  tlie  distance  at  which  the 
star  is  known  to  be  placed,  this  motion  is  equiva- 
lent to  one  thousand  five  hundred  and  fifty-two 
millions  of  miles  in  a  year;  four  millions,  two 
hundred  and  fifty-two  thousand  miles  a  day, 
and  one  hundred  and  seventy-seven  tliousand 
miles  an  hour.  Other  stars  are  found  to  move 
with  velocities  nearly  similar,  as  /u  Cassiopeia, 
which  moves  above  three  millions  of  miles  a  day, 
which  is  at  the  rate  of  two  thousand  one  hundred 
and  sixty  miles  every  minute.  These  are  mo- 
tions altogether  imcomprehensiblc  by  human  be- 
ings, especially  when  we  take  into  consideration 
the  enormous  magnitude  of  the  stars,  some  of 
which  may  be  a  thousand  times  larger  than  all 
the  planets  and  comets  belonging  to  our  sj'stem. 
They  display  the  amazing  ami  uncontrollable  en- 
ergies OF  Omnipotence,  and  afford  a  distinct 
source  of  admiration  and  astonishment  in  addi- 
tion to  all  the  other  wonders  of  the  universe.  If, 
then,  we  v/ould  endeavor  to  attain  a  comprehen- 
sive idea  of  the  motions  going  forward  through- 
out the  spaces  of  immensity,  we  must  not  only 
conceive  of  planets  revolving  around  luminous 
centers,  but  of  suns  revolving  around  suns, — of 
suns  and  systems  revolving  around  the  centers  of 
the  nebulae  to  which  they  respectively  belong, — 
of  all  the  systems  and  nebulce  of  the  universe  re- 
volving in  imm'^nse  circumferences  around  the 
throne  of  the  Eternal,  the  great  center  of  all 
worlds  and  beings, — of  each  sun,  and  planet,  and 
system,  notwithstanding,  pursuing  a  course  of  its 
own  in  different  directions,  and  in  numerous  in- 
stances acted  upon  by  different  forces, — in  short, 
of  the  ten  thousand  times  ten  thousands  of  lumi- 
nous and  opaque  globes,  of  every  rank  and  order, 
within  the  circuit  of  creation, — all  performing 
their  rapid  but  harmonious  motions  throughout 
every  region  of  space,  and  without  intermission, 
in  obedience  to  the  laws  of  their  Creator. 

Again,  we  cannot  be  supposed  to  have  attained  a 
comprehensive  conception  of  the  universe,  with- 
out taking  into  account  the  sensitive  and  intel- 
lectual beings  with  which  it  is  replenished.  We 
ought  never  to  consider  the  numerous  orbs  revolv- 


ing throughout  infinite  space  as  mere  masses  of 
rude  matter,  arranged  into  systems  merely  to  giv« 
a  display  of  Almighty  Power,  but  as  means  foi 
accomplishing  a  higher  and  nobler  end, — the  dif. 
fusion  of  happiness  among  countless  orders  ol 
intelligent  existence.  And  as  this  idea  must  ne- 
cessarily be  admitted,  what  a  countless  mnliituda 
of  peici[)i'.'nt  beings  must  people  the  amj)litude8 
of  creation  1  On  our  globe  there  are  sup-ported 
at  least  bOO  millions  ol  human  Ix'ings;  but  it  ia 
capable  of  supporting  twenty  times  that  number, 
or  sixteen  thousana  millions,  if  all  ils  desolate 
wastes  were  cultivated  and  peopled.  Beside  man, 
there  are  numerous  ord'-rs  of  other  sen-itive  be- 
iiiirs;  there  are  at  Ir^ast  5ltU  species  of  quadrupeds, 
400U  species  of  birdrs,  3000  species  of  ftsh,  700 
species  of  rei)tiles,  50,000  .'species  of  insects,  be- 
side thousands  which  the  microscope  alone  can 
enable  us  to  perceive — at  least  sixty  tliousand  spe- 
cies in  all.  If  every  sprcies  contain  about  500 
millions  of  individuals,  then  there  will  be  no  less 
than  30,000,000,000,000,  or  thirty  billions  of  in- 
dividuals belonging  to  all  the  diff.^rent  classes  of 
sensitive  existence  on  the  surface  of  our  globe. 

If  this  earth,  then,  which  ranks  among  the 
smaller  globes  of  our  system,  contain  such  an 
immense  number  of  living  beings,  what  must  be 
the  numberof  sentient  and  intellectual  existence  in 
all  the  worlds  to  which  we  have  alluded  !  We 
assumed,  on  certain  data,  that  2,019,100,000,000, 
or  two  billions  of  worlds,  may  exist  within  the 
bounds  of  the  visible  universe  ;  and,  although  no 
more  beings  should  exist  in  each  world,  at  an  ave- 
rage, than  on  our  globe,  tliere  would  be  the  fol- 
lowing number  of  living  inhabitants  in  these 
worlds,  ()0,573,000,000,000,000,000,000,000;  that 
is,  sixty  quartillions,  five  hundred  and  seventy- 
three  thousand  trillions,  a  number  which  tran- 
scends human  conception.  Among  such  a  uu.ai- 
ber  of  beings,  what  a  variety  of  orders  may  exist, 
from  the  archangel  and  the  seraph  to  the  worm 
and  the  microscopic  animalculurn!  What  a  di- 
versity of  ranks  in  the  intellectual  scale,  from  the 
point  of  the  human  faculties  to  the  highest  ordei 
of  created  beings,  may  be  found  tixroughout  this 
immensity  of  existence!  Some,  perhaps,  invest- 
ed with  faculties  as  far  surpassing  those  of  mar 
as  man  sur[)asses  in  intellectual  cricrgy  the  worm> 
of  the  dust,  and  still  approximating  nearer  anc 
nearer  to  the  Deity.  What  a  variety  may  exist 
among  them  in  th:}  form,  organization,  senses,  and 
the  movements  of  their  corporeal  vehicles!  What 
a  wonderful  and  interesting  scene  vrould  their  his- 
tory disclose,  were  the  whole  series  of  events  io 
the  Divine  administration  toward  them  laid  0])eij 
to  our  view!  —  the  dilferent  periods  induration  a* 
which  they  were  brought  into  existence;  the  spe- 
cial laws  of  social  and  moral  order  peculiar  tc 
each  class  of  intelligi^nces;  the  mo:les  of  improv- 
ing the  intellect,  and  the  progress  they  havt 
made  in  universal  knowledge;  the  scenes  of  glory 
or  of  terror  through  which  any  particular  classei 
of  beings  might  have  passed;  the  clianges  an^ 
revolutions  that  may  await  them;  and  the  final 
destination  to  which  they  are  appointed.  These 
and  numerous  other  circumstances  cormected  with 
the  moral  and  intellectual  universe  open  to  vie\T 
a  source  of  knowledge,  and  a  subject  of  suhlima 
investigation,  which  superior  intellects  might  pro- 
secute without  intermission,  with  increasing  ad- 
miration and  rapture,  and  never  arrive  at  the  ter- 
mination of  their  pursuits  during  all  the  periodi 
of  an  endless  existence. 

Such  is  a  summary  view  of  the  universe,  in  s« 
far  as  its  scenes  lie  open  to  our  knowledge  and 
investigation     The  idea  it  presents  is  altogethei 
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overpowering  to  the  human  faculties,  but  it  is 
nothing  else  than  what  we  should  naturally  ex- 
pect, when  we  consider  that  the  Being  who  form- 
ed it  is  self-existent  and  eternal  ;  possessed  of 
infinite  wisdom,  almighty  power,  and  boundless 
goodness;  and  fills  the  infinity  of  space  with  his 
presence.  It  is  like  himself,  boundless,  and  in- 
comprehensible by  finite  minds;  but  exhibits  to 
every  order  of  intelligent  beings  a  sensible  display 
of  "His  Eternal  Power  and  Godhead."  Without 
the  existence  of  such  a  universe,  the  infinite  at- 
tributes of  the  Almighty  could  not  be  fully  re- 
cognized and  appreciated  by  his  intelligent  off- 
spring. But  here  we  behold,  as  in  a  mirror,  the 
invisible  perfections  of  the  Divinity,  "  whom  no 
man  hath  seen  or  can  see,"  adumbrated,  as  it 
wei-e,  and  rendered  visible,  in  every  part  of  crea- 
tion, to  the  eyes  of  unnumbered  intelligences; 
for  there  is  no  point  of  space  in  which  a  rational 
being  could  be  placed,  in  which  he  would  not 
find  himself  surrounded,  with  sensible  evidences 
and  displays  of  the  operations  of  an  all-wise,  an 
all-powerful,  and  incomprehensible  Deity.  "He 
has  not  left  himself  without  a  witness"  to  his  ex- 
istence, and  his  incessant  energies,  in  any  parts 
of  his  dominions,  or  to  any  order  of  his  creatures, 
wherever  existing.  "  If  we  should  ascend  to 
heaven  he  is  there."  If  we  should  descend  to  the 
lower  regions,  he  is  there  also  to  be  seen  in  his 
operations. — "  If  we  take  the  wings  of  the  morn- 
ing," and  lly  along  with  the  sun  from  east  to  west, 
and  continue  our  course  without  intermission 
through  regions  of  space  invisible  to  mortal  eye, 
"even  there  his  hand  would  lead  us,  and  his  right 
hand  uphold  us."  "  Darkness,"  unfolds  the  gran- 
deur of  his  operations  and  the  glories  of  his  na- 
ture, as  well  as  the  "light"  of  the  orb  of  day. 
Though,  on  the  wings  of  a  seraph  we  could  fly 
in  every  direction  through  boundless  space,  we 
should  everywhere  find  ourselves  encompassed 
with  his  iftimensity,  and  with  the  manifestations 
of  liis  presence  and  agency.  Of  such  a  Being, 
and  of  the  universe  he  has  formed,  we  may  ex- 
claim in  the  language  of  an  inspired  writer — "O 
the  depth  of  the  riclies  both  of  the  wisdom  and 
of  the  knowledge  of  God!  How  unsearchable  are 
his  operations,  and  his  ways  past  finding  outi" 
Of  this  universe  we  can  only  form  an  approxi- 
mate idea  by  comparing  one  small  portion  of  it 
with  another,  and  by  allowing  the  mind  to  dwell 
for  a  considerable  time  on  every  scene  we  con- 
template. We  must  first  endeavor  to  acquire  a 
comprehensive  conception  of  the  magnitude  of 
the  globe  on  which  we  dwell,  and  the  numerous 
diversity  of  objects  it  contains;  we  must  next 
stretch  our  view  to  some  of  the  planetary  globes, 
which  are  a  thousand  times  greater  in  magnitude; 
and  to  such  an  orb  as  the  sun,  which  fills  a  space 
thirteen  hundred  thousand  times  more  expansive. 
Ranging  through  the  whole  of  the  planetary  sys- 
tem, we  must  fix  our  attention  on  every  particu- 
lar scene  and  object,  imagine  ourselves  traversing 
the  hills,  and  plains,  and  immense  regions  of  Ju- 
piter, and  surveying  the  expansive  rings  of  Saturn 
in  all  their  vast  dimensions  and  rapid  motions, 
until  we  have  obtained  the  most  ample  idea  which 
the  mind  can  possibly  grasp  of  the  extent  and 
grandeur  of  the  planetary  system.  Leaving  this 
vast  system,  and  proceeding  through  boundless 
Fpace  until  all  its  planets  have  entirely  disappear- 
ed, and  its  sun  has  dwindled  to  the  size  of  a  small 
twinkling  star,  we  must  next  survey  the  thousand 
stars  that  deck  the  visible  firmament,  every  one 
of  which  must  be  considered  as  a  sun,  accompa- 
nied with  a  system  of  planets  no  less  spacious 
and  august  th^a  ours.     Continuing  our  course 


through  depths  of  space  immeasurable  by  human 
art,  we  must  penetrate  into  the  center  of  the 
Milky  Way,  where  we  are  surrounded  by  suns, 
not  onl}'  in  thousands,  but  in  millions.  Here  the 
imagination  must  be  left  for  a  length  of  time,  to 
expatiate  in  this  amazing  and  magnificent  scene, 
and  try  if  it  can  form  any  faint  idea  of  twenty 
millions  of  suns,  surrounded  with  a  thousand  mil- 
lions of  planets.  Suppose  one  of  these  bodies  to 
pass  before  the  eye  or  the  imagination  every 
minute,  it  would  require  1900  years  before  the 
whole  could  pass  in  review,  and  each  produce  a 
distinct  impression  as  a  separate  object. 

In  a  scene  like  this,  the  boldest  imagination  is 
overpowered  and  bewildered,  amidst  number  and 
magnitude,  and  feels  utterly  incompetent  to  grasp 
the  ten  thousandth  part  of  the  overwhelming  idea 
presented  before  it.  Winging  our  flight  from  the 
Milky  Way,  over  unknown  and  immeasurable  re- 
gions, regions  where  infinitude  appears  opening 
upon  us  in  awful  grandeur,  we  approach  some 
of  those  immense  starry  clusters  called  Nebula, 
every  one  of  which  may  be  considered  as  another 
milky  way,  with  its  ten  thousands  and  millious 
of  suns.  Here  the  imagination  must  make  a  so- 
lemn pause,  and  take  a  wider  stretch,  and  sum- 
mon up  all  its  powers,  and  force,  and  vigor;  for 
here  we  have  not  merely  one  milky  way,  with  its 
millions  of  stars,  to  contemplate,  but  thousands. 
If  the  immense  s])lendor  and  amplitude  of  one 
milk)'  way  overwhelms  us  with  amazement,  and 
with  an  emotion  almost  approaching  to  terror, 
what  an  overpowering  eticct  should  two  thousand 
of  such  scenes,  which  have  already  been  discover- 
ed, produce  upon  minds  so  feeble  and  limited  as 
ours  I  Such  a  scene  not  only  displays  to  us,  be- 
yond every  other,  the  incomprehensible  energies 
of  Omnipotence,  but  seems  to  intimate  that  there 
are  created  beings  existing  in  the  universe,  endow- 
ed with  powers  of  intelligence  capable  of  form- 
ing a  much  more  approximate  idea  of  such  ob- 
jects than  beings  such  as  man,  who  may  be  con- 
sidered as  standing  near  the  lowest  point  of  the 
scale  of  intellectual  existence.  These  "  thrones 
and  dominions,  principalities  and  powers  of  Hea- 
ven," niay  be  able  to  form  a  comprehensive  con- 
ception of  such  a  scene  as  the  Milky  Way,  which 
bafHes  the  utmost  efforts  of  the  human  faculties. 

Soaring  beyond  all  these  objects,  we  behold,  as 
it  were,  a  new  universe  in  the  immense  magni- 
tude of  the  planetary  and  other  nebulte,  wliere 
separate  stars  have  never  been  perceived;  and  be- 
side all  these,  there  may  be  thousands  and  ten 
thousands,  and  millions  of  opaque  globes  of  pro- 
digious size,  existing  throughout  every  region  of 
the  universe,  and  even  in  that  portion  of  it  wliich 
is  within  the  limits  of  our  inspection,  the  fuint- 
ness  of  whose  light  prevents  it  from  ever  reaching 
our  eyes.  But,  far  beyond  all  such  objects  as 
those  we  have  been  contemplating,  a  boundless 
region  exists,  of  which  no  human  eye  has  yet 
caught  a  glimpse,  and  which  no  finite  intelligence 
has  ever  explored.  What  scenes  of  power,  of 
goodness,  of  grandeur,  and  magnificence,  maybe 
displayed  within  this  untqiproachable  and  infinite 
expanse,  neither  men  nor  angels  can  describe  nor 
form  the  most  rude  conception.  But  we  may 
rest  assured  that  it  is  not  an  empty  void;  but  dis- 
plays the  attributes  of  the  Deity  in  a  manner  no 
less  admirable  and  glorious,  and  perhaps  much 
more  so,  than  all  the  scenes  of  creation  within 
the  range  of  our  vision.  Here,  undoubtedly,  ia 
that  splendid  region  so  frequently  alluded  to  in 
the  Scriptures,  designated  by  the  emphatic  name, 
"The  Heaven  of  Heavens,"  evidently  imi)ort- 
ing  that  it  is  the  most  glorious  and  niagnificent 
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department  of  creation.  Countless  myriads  of 
beings,  standing  at  the  higliest  point  of  the  scale 
of  intellect,  and  invested  with  faculties  of  which 
we  have  no  conceittion,  must  inhabit  those  re- 
gions; for  we  are  positively  informed  that  "hosts 
of  intelligent  beings  reside  in  such  abodes,  and 
that  "  these  hosts  of  the  lieaven  of  heavens  wor- 
eiiip  God."  But  here  our  contemplations  must 
terminate.  Here  imagination  must  droj)  its  wings, 
since  it  can  penetrate  no  further  into  the  domin- 
ions of  Him  who  sits  on  the  throne  of  immensity. 
Overwhelmed  with  a  view  of  the  magnificence 
of  the  universe,  and  of  the  perfections  of  its  Al- 
mighty Auttior.  we  can  only  fall  prostrate  in  deep 
hunjility  and  adoration,  and  exclaim,  "Great  and 
mai-velous  are  thy  works,  Lord  God  Almighty! 
Thou  art  worthy  to  receive  glory,  and  honor,  and 
power;  for  thou  hast  created  all  worlds,  and  for 
thy  pleasure  they  are  and  were  created." 

I  shall  conclude  tliis  subject  with  the  following 
remarks: 

1.  All  the  vast  systems  to  which  we  have  al- 
luded are  the  workmanship  of  an  Infinite  and 
Eternal  Being,  and  display  the  grandeur  of  his 
perfections.  It  is  hnpossible  that  such  an  amazing 
universe,  arranged  with  such  exquisite  order,  and 
all  the  bodies  it  contains  moving  with  such  regu- 
lar and  raj)id  motions,  could  have  formed  itself,  or 
been  produced  by  the  fortuitous  concourse  of 
atoms.  The  very  surmise  that  such  a  thing  was 
possible  is  one  of  the  wildest  hallucinations  that 
ever  entered  the  human  mind  It  is  a  first  prin- 
ciple connected  with  tlie  constitution  of  every  in- 
tellectual nature,  and  without  the  admission  of 
which  there  can  be  no  reasoning,  that  there  is  "  a 
connection  between  cause  and  effect,"  and  that 
"  every  effect  must  have  a  corresponding  cause 
adequate  to  its  production."  The  universe  is  an 
c§'tct,  the  most  sublime  and  glorious  which  the 
human  mind  can  contemplate,  and  the  natural 
and  necessary  conclusion  which  it  almost  instinc- 
tively draws  is,  that  it  is  the  production  of  an 
Eternal,  Intelligent,  and  Almighty  Being.  This 
is  a  conclusion  which  has  been  deduced  by  men 
of  all  nations,  and  in  every  period  of  the  world. 
"There  is  no  nation  or  people,"  says  Cicero,  "so 
barbarous  and  ignorant  as  not  to  acknowledge  a 
powerful  and  Supreme  Divinity-" 

It  is  as  natural  for  the  human  understanding, 
in  its  original  and  unbiased  state,  when  contem- 
plating the  frame  of  the  universe,  to  infer  the  ex- 
istence of  a  Deity,  as  it  is  the  property  of  the  eye 
to  distinguish  light  and  colors,  and  of  the  ear  to 
distinguish  sounds.  The  principle  from  which 
this  conclusion  is  deduced  is  exactly  the  same  as 
that  by  which,  from  the  contemplation  of  a  build- 
ing, we  infer  a  builder,  and  from  the  elegance  and 
utility  of  every  part  of  the  structure,  we  conclude 
that  he  was  a  wise  and  skillful  architect;  or  that 
by  which,  from  an  inspection  of  a  clock  or  watch, 
or  any  other  piece  of  useful  machinery,  we  infer 
not  only  the  existence,  but  the  qualities  and  attri- 
butes, of  the  contriver  and  artificer.  The  man 
who  is  incapable  of  at  once  deducing  such  con- 
clusions ought  to  be  regarded  as  destitute  of  the 
reasoning  faculty;  and  if  we  thus  necessarily  in- 
fer the  cause  from  the  effect  in  the  case  of  human 
art,  can  we  for  a  moment  hesitate  to  ascribe  the 
production  of  this  amazing  universe  which  sur- 
rounds us,  to  a  Being  of  infinite  knowledge,  wis- 
dom, and  power,  adequate  to  bring  into  existence 
such  an  immense  and  wonderful  machine,  and  to 
preserve  it  in  harmony,  from  age  to  age,  amidst 
all  its  diversified  and  complicated  movements? 
That  ever  a  doubt  was  entertained  on  this  subject 
is  a  plain  proof  that  man  has  lost,  in  part,  that 


light  of  reason  and  intelligence  with  which  he 

was  originally  indued,  or  that  he  is  sometimes 
urged  on  by  dejiraved  passions  and  a  pride  of  sin- 
gularity to  utter  sentiments  which  he  does  not 
sincerely  believe.  As  Cicero  long  ago  declared — 
"  He  wIm  thinks  that  the  admirable  order  of  the 
celestial  orbs,  and  their  constancy  and  regularity, 
on  which  the  conservation  and  good  of  all  things 
depend,  to  be  void  of  a  mind  that  governs  them, 
he  hiniself  deserves  to  be  accounted  void  of  a 
mind."  It  is  "  the /oo/ "  alone,  in  the  strictest 
sense  of  the  word,  whatever  may  be  his  pretended 
learning,  who  dares  to  declare  "  there  is  no  God." 

And  as  the  universe  demon.->trates  the  existence^ 
so  it  displays  the  altrihutcs  of  the  Eternal.  I'ht 
manifestation  of  himself  to  numberless  orders  of 
intelligent  beings  must  have  been  the  great  end 
intended  in  bringing  the  univejse  into  existence. 
This  manifestation  is  made  chiefly  in  actions — in 
actions  which  dis])lay  greatness,  wisdom, and  good- 
ness, beyond  all  bounds.  His  greatness  a})peara 
from  the  immensity  of  power  wliicli  the  universe 
exhibits.  The  power  necessary  to  move  a  single 
planet  in  its  course  far  transcends  human  concep- 
tion. What,  then,  must  be  the  energy  and  extent 
of  that  power  wliich  set  in  motion  and  still  up- 
holds all  the  planets,  worlds,  and  systems  dispersed 
throughout  the  spaces  of  infinitude  I  The  high- 
est created  intelligence  must  be  utterly  over- 
whelmed and  confounded  when  it  attempts  to 
contemplate  or  to  grasp  an  idea  of  Omnipotence. 
His  knowledge,  wisdom,  and  unceasing  agency 
are  no  less  conspicuous  in  the  arrangement  and 
direction  of  everything  that  exists  in  heaven  and 
on  earth.  As  his  presence  pervades  all  space,  so 
his  agency  is  displayed  in  the  minutest  movement 
of  every  part  of  the  vast  whole.  This  great  and 
incomprehensible  Being  moves  every  atom,  ex- 
pands every  leaf  of  the  forest,  decks  every  flower, 
conveys  the  sap  through  the  ramifications  of  every 
tree,  conducts  every  particle  of  vapot  to  its  ap- 
pointed place,  directs  every  ray  of  light  from  the 
sun  and  stars,  every  breath  of  wind,  every  flash 
of  lightning,  every  movement  of  the  meanest 
worm,  and  every  motion  of  the  smallest  micro- 
sco[>ic  animalculum;  while  at  the  same  time  he 
supports  the  planets  in  their  courses,  guides  the 
comet  in  its  ecceijtric  career,  regulates  the  move- 
ments of  millions  of  resplendent  systems,  and 
presides  in  sovereign  authority  over  unnumbered 
hosts  of  intelligent  existence;  dii'ecting  all  the 
mysterious  powers  of  knowledge,  virtue,  and  mo- 
ral action  to  subserve  the  purposes  of  his  will, 
and  accomplish  the  ends  of  his  moral  government. 
In  every  department  ol  this  universe,  likewise,  his 
goodness  is  displayed  to  unnumbered  orders  of  be- 
ings, sentient  and  intellectual;  for  all  the  powers 
of  intelligence  and  action  possessed  by  every 
creature  in  heaven  an^l  on  earth,  from  the  arch- 
angel to  the  worm,  and  all  the  liappiness  they  now 
or  ever  will  enjoy,  are  derived  froiii  him  as  the 
uncreated  source  of  all  felicity. 

Under  this  glorious  and  stupendous  Being  we 
live  and  move;  our  comforts  and  enjoyments, 
while  passing  through  this  transitory  scene,  ara 
wholly  in  his  hands,  and  all  our  prospects  and 
enjoyment  beyond  the  range  of  our  eartidy  career 
are  dependent  on  his  mercy  and  favor.  His  om- 
nipotent arm  supports  us  every  moment;  every 
breath  we  draw,  every  ]ndse  that  beats  within  us, 
every  muscular  power  we  exert,  every  sound  that 
strikes  our  ears,  and  every  ray  of  light  that  enters 
our  eye-balls  is  dependent  on  his  sovereign  will. 
All  that  we  hope  for  beyond  the  limits  of  time 
and  throughout  the  revolution  of  eternity  depends 
upon  his  power,  his  wisdom,  his  benevolence  and 
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his  prc'iiiises.  Were  he  to  withhold  the  powers 
and  agencies  under  which  we  now  live  and  act, 
we  coLild  neither  think  nor  speak,  hear  nor  see, 
feel  nor  move;  the  whole  assemblage  of  living 
beings  in  our  world  would  be  changed  into  im- 
movable statues,  and  this  eartii  transformed  into  a 
barren  waste  and  an  eternal  solitude.  To  tlie 
service  of.tliis  glorious  Being  all  the  powers  and 
faculties  wilh  whicli  he  has  endowed  us  ought  to 
be  unreservedly  consecrated.  As  his  highest  glory 
and  blessedness  consist  in  bestowing  benefits  on 
his  intelligent  offsprings  so  we  ought  to  be  imita- 
tors of  him  in  his  boundless  beneficence,  by 
endeavoring  to  communicate  happiness  to  all 
around  us.  "To  do  good,  and  to  communicate, 
forget  not;  for  with  such  sacrifices  God  is  well 
pleased."  To  him,  as  the  "  Father  of  our  spirits 
and  the  former  of  our  bodies,"  is  due  the  highest 
degree  of  our  love  and  gratitude;  on  him  we 
ought  to  rely  for  every  blessing,  and  humbly 
resign  ourselves  to  his  disposal  under  every  event; 
for  "  all  things  are  of  God,"  and  all  are  conducted 
with  supreme  and  unerring  wisdom  and  goodness 
to  an  end  immortal  and  divine. 

2.  The  immensity  and  magnificence.of  the  uni- 
verse and  the  attributes  of  Deity  it  displays  are 
considerations  which  ought  to  be  taken  into  ac- 
count in  all  our  views  of  religion.  There  is  a 
class  of  men  who,  in  prosecuting  scientific  pur- 
suits, wish  to  discard  everything  lliat  has  a  bearing 
on  religion  when  deduced  from  the  investigations 
of  science,  and  can  scarcel)"^  refrain  from  a  sneer, 
when  the  arrangements  in  the  economy  of  nature 
ar<j  traced  to  the  agency  of  their  All-wise  and 
Omnipotent  Creator;  as  if  the  objects  which  sci- 
ence professes  to  investigate  had  no  relation  to  the 
views  we  ought  to  entertain  of  the  Divinity,  and 
ought  never  to  be  traced  to  their  great  first  cause. 
On  the  other  hand,  there  are  many  professed 
religionists  who,  from  mistaken  notions  of  piety, 
would  set  aside  the  study  of  the  works  of  God,  as 
having  no  connection  whatever  with  the  exercises 
of  piety  and  the  business  of  religion,  and  as  even 
injurious  to  their  interests.  Both  these  classes  of 
men  verge  toward  extremes  which  are  equally 
inconsistent  and  dangerous.  The  amazing  fact, 
tliat  creation  consists  of  a  countless  number  of  | 
magnificent  systems  and  worlds  beyond  the  com- 
prehension of  finite  minds,  ought  not  thus  to  be 
recklessly  set  aside  in  our  views  of  God  and  of  | 
religion;  for  they  are  all  the  workmanship  of  ■ 
ONE  Being,  and  they  are  connected  together  as  i 
parts  of  ONE  grand  system,  of  which  the  God  we  j 
profess  to  worship  is  the  supreme  and  universal 
governor.  They  present  to  the  view  of  all  Intel-  ! 
ligences  the  most  glorious  displaj's  of  his  char- 
acter and  perfections,  and  consequently  demand 
from  us  a  corresponding  sentiment  of  admiration 
and  reverence,  and  a  corresponding  tribute  of 
homage  and  adoration.  Such  enlarged  prospects 
of  the  universe  are  therefore  available  for  the  ■ 
loftiest  purposes  of  religion  and  piety,  and  ought 
to  enter  as  an  element  into  all  our  views  of  the 
administration  of  the  Almighty,  and  of  that  wor- 
ship and  obedience  he  requires  from  his  rational 
offspring,  unless  we  would  be  contented  to  render 
him  a  degree  of  homage  fur  inferior  to  that  which 
the  manifestation  of  his  attributes  demands.  j 

God  is  known  only  by  the  manifestations  which 
he  makes  of  his  character  and  perfections.  The 
highest  created  intelligences  can  know  nothing 
more  of  the  Divinity  than  what  is  derivetl  from 
the  boundless  universe  he  has  presented  to  their 
view,  the  dispensations  of  his  providence  to  ccr-  ^ 
Uiu  orders  of  beings,  and  the,  special  revelations  i 


he  may  occasionally  vouchsafe,  on  certain  emer- 
gencies, to  particular  worlds.  Had  man  conti- 
nued in  ])rimeval  innocence,  the  contemplation  of 
the  vast  creation  around  him,  with  all  its  diver- 
sified wonders  and  beneficent  tendencies,  would 
have  led  him  to  form  correct  views  of  the  attri- 
butes of  his  Almighty  Maker,  and  of  the  moral 
laws  by  which  his  conduct  should  be  regulated; 
but  it  does  not  follow,  that  because  the  study  of 
nature  is  now  of  itself  an  insulhcient  guide  to 
the  knowledge  of  the  Creator  and  the  enjoyment 
of  eternal  felicity,  such  studies  are  either  to  be 
Ihi'own  aside,  or  considered  as  of  no  importance 
in  a  religious  point  of  view.  To  overlook  the  as- 
tonishing scene  of  the  universe,  or  to  view  it  with 
indifference,  is  virtually  to  "disregard  the  works 
of  Jehovah,  and  to  refuse  to  consider  the  opera- 
tions of  his  hands."  It  is  a  violation  of  Christian 
duty,  and  implies  a  reflection  on  the  character  of 
the  Deity,  for  any  one  to  imagine  that  he  has 
nothing  to  do  with  God  considarcd  as  manifested 
in  the  immensity  of  his  works;  for  his  word  is 
pointed  and  exi)Iicit  in  directing  the  mind  to 
such  contemplations.  "  Hearken  unto  this;  stand 
still,  and  consider  the  wonderful  works  of  God." 
"  Lift  up  thine  eyes  on  high,  and  behold  who  liath 
created  these  orbs."  "  Remember  that  thou  mag- 
nifjr  his  works  which  men  behold."  "  Great  and 
marvelous  are  thy  works.  Lord  God  Almighty! 
Thy  saints  shall  speak  of  the  glory  of  thy  king- 
dom and  talk  of  thy  power,  to  make  known  to 
the  sons  of  men  thy  mighty  operations  and  the 
glorious  majesty  of  thy  kingdom." 

3.  The  Christian  revelation,  throughout  all  its 
departments,  is  not  only  consistent  with  the  views 
we  have  taken  of  the  universe,  but  affords  direct 
evidence  of  the  magnificence  of  creation,  and  of 
the  myriads  of  beings  with  which  it  is  peopled. 
Of  this  position  we  have  exhibited  some  proofs 
in  the  remarks  and  illustrations  contained  in 
Chapter  XVII,  which  show  at  the  same  time  the 
harmony  which  subsists  between  the  discoveries 
of  revelation  and  the  discoveries  which  have  been 
made  in  the  system  of  nature.  There  is  no  other 
system  of  religion  or  pretended  revelation  that 
was  ever  propagated  in  the  world  to  which  such 
a  characteristic  belongs.  If  we  examine  the  Ma- 
homedan  Koran,  the  Sliasters  of  Bramah,  the 
system  of  Confucius,  the  mythology  of  the  Greeks 
and  Romans,  and  every  other  Pagan  code  of  re- 
ligion, we  shall  find  interspersed  throughout  the 
whole  o-f  them  numerous  sentiments,  opinions, 
and  pretended  facts  at  utter  variance  with  the  true 
system  of  nature,  and  to  what  are  known  to  be 
the  established  laws  of  the  universe.  This  is 
strikingly  exemplified  in  the  extravagant  stories 
and  descriptions  contained  in  the  pretended  reve- 
lations of  Mahomet,  and  the  absurd  notions  re- 
specting the  creation  contained  in  the  sacred 
books  of  the  Hindoos,  which  assert  that  the  uni- 
verse consists  of  seven  heavens  and  seven  worlds, 
which  are  all  at  a  future  period  to  be  absorbed 
into  God;.,  with  many  other  absurdities.  In  oppo- 
sition to  all  such  foolish  and  absurd  opinions,  the 
inspired  writings,  when  properly  understood,  and 
rationally  interpreted  according  to  the  rules  of 
just  criticism,  are  uniformly  found  to  be  perfectly 
consistent  with  the  discoveries  of  science,  and  the 
facts  which  are  found  to  exist  in  the  system  of 
the  universe;  and  this  correspondence  and  har- 
mony ought  to  be  considered  as  a  strong  pre- 
sumptive evidence  that  the  revelations  of  Scrip- 
ture and  the  scenes  of  the  material  universe 
proceed  from  the  same  All-wiso  and  Oraulpoteot 
Author. 


CHAPTER    XX. 


ON  COMETS. 


As  this  class  of  the  celestial  bodies  forms  a  part 
ef  the  solar  system,  it  might  have  been  more 
appropriate  to  have  introduced  the  subject  into 
cur  volume  entitled,  "Celestial  Scenery,"  which 
has  for  its  principal  object  a  description  of  the 
bodies  connected  with  that  system;  but  as  that 
work  swelled  to  a  greater  size  than  was  at  first 
foreseen,  it  was  jl.idged  expedient  to  postpone  the 
consideration  of  comets  to  the  present  volume. 
As  our  knowledge  of  these  bodies,  however,  is 
very  limited,  and  no  discoveries  have  yet  been 
made  which  might  lead  us  to  form  a  decisive 
opinion  of  their  nature  and  destination,  I  shall 
content  myself  with  giving  a  brief  detail  of  some 
of  the  leading  facts  which  have  been  ascertained 
respecting  them. 

The  word  comet  literally  signifies  a  hairy  star; 
because  such  bodies  are  generally  accompanied 
with  a  nebulosity,  or  train,  which  has  the  ajipear- 
ance  of  luminous  hair.  The  luminous  point  near 
the  center  of  a  comet,  which  is  the  most  brilliant, 
is  called  the  nucleus.  The  haze  or  nebulosity 
which  surrounds  the  nucleus  is  called  the  hair, 
and  sometimes  the  envelope;  and  the  nucleus  and 
liair  combined  constitute  what  is  usually  termed 
ths  head  of  the  comet.  The  luminous  train,  ex- 
tending sometimes  to  a  great  distance  from  the 
head,  is  called  the  tail  of  the  comet.  These 
bodies  have  occasionally  appeared  in  the  heavens 
iu  all  ages.  The  ancients  were  divided  in  their 
opinion  respecting  them;  some  considering  them 
as  wandering  stars;  others,  as  meteors  kindled 
in  the  atmosphere  of  the  earth,  subsisting  for  a 
time,  and  then  dissipated;  and  others  viewed  them 
as  prodigies  indicating  wars,  famines,  inundations, 
or  pestilences.  Aristotle,  who  believed  that  the 
heavens  v/ere  incorruptible  and  unchangeable, 
maintained  that  comets  were  generated  when 
they  first  ,made  their  appearance,  and  were  de- 
stroyed when  they  ceased  to  be  visible,  and  con- 
sequently that  they  could  not  be  reckoned  to 
belong  to  the  heavenly  bodies,  but  were  only 
meteors  or  exhalations  raised  into  the  upper  re- 
gions of  the  air,  where  they  blazed  for  awliile, 
and  disappeared  when  the  matter  of  which  they 
were  formed  was  consumed.  And  as  the  opinions 
of  this  ancient  sage  had  a  powerful  influence 
on  the  philosophers  and  astronomers  of  later 
times, — as  his  assertions  were  frequently  regarded 
as  little  short  of  demonstrations, — few  persons 
had  the  boldness  and  independency  of  mind  to 
call  in  question  the  positions  he  maintained  on 
any  subject  discussed  in  his  writings. 

It  was  not  before  the  time  of  the  celebrated  as- 
tronomer, Tycho  Brahe,that  the  nature  of  comets 
began  to  be  a  little  understood,  and  tiiat  they  were 
considered  as  moving  in  the  planetary  regions. 
This  astronomer  observed  with  great  diligence  the 
famous  comet  which  appeared  in  1577;  and  from 
many  accurate  observations  during  the  time  of 
its  appearance,  found  that  it  had  no  sensible  diur- 
nal parallax,  and  therefore  was  not  only  far  above 
tho  limits  of  o  ir  atmosphere,  but  beyond  the  or- 
f  i'2u  ; 


bit  of  the  moon  itself.  Its  motions  Avere  likewise 
particularly  observed  by  Hagecius,  at  Prague,  in 
Bohemia,  at  the  same  time  that  they  were  ob- 
served by  Tycho,  at  Urauiburg.  These  two  places 
differ  six  degrees  in  latitude,  and  are  nearly 
under  the  same  meridian,  and  both  measured  the 
distance  of  the  comet  from  the  same  star,  which 
was  in  the  same  vertical  circle  with  the  comet; 
yet  both  observers  found  their  distances  the  same, 
and  consequently  they  both  viewed  the  comet  in 
the  same  point  of  the  heavens,  which  could  not 
have  happened  unless  the  comet  had  been  in  a 
higher  region  than  the  moon.  After  Tycho,  Kep- 
ler had  an  opportunity  of  making  observations 
on  the  comets  which  appeared  in  1G07  and  1618, 
and  from  all  his  observations  he  deduced  this  con- 
clusion, "  that  comets  move  freelj  through  the 
planetary  orbs."  From  this  period  comets  began 
to  be  more  accurately  observed,  and  to  be  consid- 
ered as  constituent  parts  of  the  solar  system;  and 
at  length  the  illustrious  Newton  demonstrated 
that  their  motions  are  performed  in  long  ellipses, 
having  the  sun  in  one  of  their  foci. 

Before  proceeding  to  inquire  into  the  nature 
and  physical  constitution  of  these  bodies,  I  shall 
present  the  reader  with 

A  BRIEF  SKETCH  OF  THE  HISTORY  OF  THE  MOST  RE- 
MARKABLE COMETS  WHICH  HAVE  APl'EARED  IN 
MODERN    TIMES. 

One  of  the  most  remarkable  comets  which  have 
appeared  in  modern  times  is  that  which  made  its 
appearance  toward  the  close  of  the  year  1680,  and 
which  was  particularly  obsei-ved  by  most  of  the 
astronomers  of  Europe.  This  comet,  according 
to  the  accounts  given  by  the  astronomers  of  that 
oeriod,  appeared  to  descend  from  the  distant  re- 
gions of  space  with  a  prodigious  velocity,  almost 
perpendicular  to  the  sun,  and  ascended  again  in 
the  same  manner  from  that  luminary  with  a  ve- 
locity retarded  as  it  had  before  been  accelerated. 
It  was  observed,  particularly  at  Paris  and  Green- 
wich, by  Cassini  and  Flamstead,  by  whom  it  was 
seen  in  the  morning  from  the  4lh  to  the  ?5lh  of 
November,  1680,  in  its  descent  toward  the  sun; 
and  after  it  had  passed  its  perihelion,*  in  the  even- 
ing, from  the  12th  of  December  to  the  9th  of 
March,  1681.  The  many  exact  observations  made 
on  this  comet  enabled  Sir  I.  Newton  to  discover 
that  so  much  of  its  orbit  as  could  be  traced  by 
the  motion  of  the  comet,  while  it  was  visible,  was, 
as  to  sense,  a  parabola,  having  the  sun  in  its 
focus,  and  that  it  was  one  and  the  same  comet 
that  was  seen  all  that  time.  This  comet  was  re- 
markable for  its  very  near  approach  to  the  sun. 
At  its  perihelion,  it  was  not  above  a  sixth  part  of 
the  sun's  diameter  from  its  surface;  that  is,  about 


*  The  prrihrlion  is  Ihnt  point  in  the  orbit  of  any  planet 
or  comet  which  is  nenrest  to  tlie  snn.  Il  is  also  called  th« 
lower  apsis.  The  aphelion  is  that  point  in  the  orbit  wliiuh 
is  t'arlhest  from  the  sun;  called,  also,  the  lusher  ap.^it 
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146,000  miles  from  the  surface  of  that  luminary, 
and  5S4,0U0  from  its  center.  According  to  Sir 
Isaac  Newton,  the  velocity  of  this  comet  when 
nearest  the  sun,  was  SC50,0U0  miles  an  hour.  On 
taking  its  perihelion  distance,  as  given  by  M.  Pin- 
gre,  i\Ir.  Squire  found,  by  two  dilFerent  calcula- 
tions, that  its  velocity  in  its  perihelion  was  no 
1-jss  than  1,240,000  miles  an  hour!  Tliis  velocity 
was  so  great  that,  if  continued,  it  would  have  car- 
ried it  tlirough  124  degrees  in  an  hour;  but  its 
actual  hourly  motion  during  that  interval,  bei'ore 
and  after  it  passed  the  perihelion,  was  81  degrees, 
47  minutes.  At  tliis  period,  the  diameter  of  the 
6un,  as  seen  from  the  comet,  must  have  subtended 
an  angle  of  more  than  a  hundred  d-.grees,  which 
must  nearly  have  filled  its  whole  hemisphere. 

From  Dr.  Halley's  determination  of  its  orbit, 
it  appears  that  when  in  its  aphelion,  or  greatest 
distance  from  the  sun,  it  cannot  be  less  than  13- 
000,000,000,  or  thirteen  thousand  millions  of 
miles  distant  from  that  luminary;  that  is,  seven 
times  the  distance  of  Uranus.  According  to  the 
Bame  astronomer,  this  comet,  in  passing  through 
its  southern  node,  came  within  the  length  of  the 
sun's  semidiameler  of  the  orbit  of  the  earth,  that 
is,  within  440,000  miles;  and  he  remarks,  "  had 
the  earth  been  then  in  that  part  of  its  orbit  near- 
est that  node  of  the  comet,  their  mutual  gravita- 
tion must  have  caused  a  change  in  the  plane  of 
the  earth's  orbit,  and  in  the  length  of  our  year; 
and  if  so  large  a  body  with  so  rapid  a  motion  were 
to  strike  the  earth,  a  thing  by  no  means  impossi- 
ble, the  shock  might  reduce  this  beautiful  frame 
to  its  original  chaos."  Modern  observations, 
however,  render  such  deductions  somewhat  im- 
probable. The  period  of  this  comet  is  supposed 
to  bh  about  575  j'ears.  It  is  conjectured  that  it  is 
the  same  comet  which  appeared  in  1106,  in  the 
reign  of  Henry  I,  that  was  seen  during  the  con- 
Bulate  of  Lampadius  and  Orestes,  about  the  year 
531,  and  in  the  forty-fourth  year  before  Christ,  in 
which  year  Julius  Cajsar  was  murdered.  Its  nu- 
cleus was  computed  to  be  about  ten  tiines  as  large 
as  the  moon.  Its  tail  extended  over  a  space  of 
seventy  degrees  in  extent. 

This  is  the  comet,  to  tlie  near  approach  of 
which  to  the  earth,  Mr.  Whiston  attributed  the 
universal  deluge  in  the  time  of  Noah.  His  opin- 
ion was,  that  the  earth,  passing  through  the  at- 
mosphere of  the  comet,  attracted  from  it  a  great 
part  of  the  water  of  the  ilood;  that  the  nearness 
of  the  comet  raised  a  great  tide  in  the  subterra- 
nean waters;  that  this  could  not  be  done  without 
making  fissures  or  cracks  in  the  outer  crust  of 
the  earth;  that  through  these  fissures  the  subterra- 
neous waters  were  forced;  that  along  with  the 
water  much  slime  or  mud  would  rise,  which, 
after  the  subsiding  of  the  water  partly  into  the 
fissures  and  partly  into  the  lower  parts  of  the 
earth  to  form  the  sea,  would  cover  over  to  a  con- 
siderable depth  the  antediluvian  earth;  and  thus 
he  accounts  for  trees  and  bones  of  animals  being 
found  at  very  great  depths  in  the  earth.  The 
Game  comet,  he  supposed,  when  coming  near  tlie 
earth  after  being  heated  to  an  immense  degree 
n  its  perihelion,  would  be  the  instrumental  cause 
of  that  great  catastropiie,  the  general  conflagra- 
tion. Modern  geological  researches,  however, 
render  all  such  hypotheses  utterly  untenable. 

2.  Another  comet  which  has  obtained  u  certain 
degree  of  celebrity  is  that  which  appeared  in 
16i:-!2,  and  is  usually  distinguished  by  the  name 
of  Haikifs  comet.  This  comet  appeared  with 
considerable  splendor,  and  exhibited  a  tail  thirty 
degrees  in  length.  On  calculating  its  elements 
from  its  perihelion  passage,  Dr.  Halley  was  led  to 


conclude  that  it  was  identical  with  the  great  com- 
ets which  appeared  in  1456,  1531,  and  1607, 
wh6se  elements  he  had  also  ascertained.  The 
intervals  between  these  periods  being  about  sev- 
enty-five or  seventy-six  years,  he  was  led  to  con- 
clude tliat  this  was  the  period  of  the  revolution 
of  the  comet,  and  ventured  to  predict  that'll 
would  again  return  about  the  latter  part  of  the 
year  1758.  As  this  was  the  first  comet  whose 
feturn  had  been  predicted,  when  the  time  of  its 
expected  appearance  ap'proached,  astronomers  be- 
came anxious  to  ascertain  whether  the  attraction 
of  the  larger  planets,  Jupiter  and  Saturn,  mi_ght 
not  interlere  with  its  orliitual  motion,  and  prevent 
it  from  arriving  at  its  perihelion  as  soon  as  the 
time  preuicted.  Clairaut,  an  eminent  French  ma- 
thematician, after  many  intricate  and  laborious 
calculations  in  reference  to  the  subject,  concluded 
that  the  attraction  of  Saturn  would  lengthen  the 
period  100  days,  and  the  action  of  Jupiter  518, 
making  in  all  618  days,  by  which  the  expected 
return  would  happen  later  than  if  no  such  influ- 
ence had  taken  place;  so  that  instead  of  the  period 
being  74  years,  323  days,  it  ought  to  be  76  years, 
211  days;  and  as  the  comet  passed  its  perihelion 
on  September  14, 1682,  it  ought  to  reach  the  same 
point  on  April  13,  1759.  These  calculations  were 
read  before  the  Academy  of  Sciences,  on  the  14th 
of  November,  1758;  but  Clairaut  gave  uotice  that, 
beino-  pressed  for  time,  he  had  neglected  in  his 
calculations  small  values,  which  collectively  might 
amount  to  about  thirty  days,  in  the  seventy-six 
j'ears.  These  predictions  were  accordingly  veri- 
fied, for  the  comet  appeared  about  the  end  of 
December,  1758,  and  arrived  at  its  perihelion  on 
the  13th  of  March,  1759,  only  thirty  days  before 
the  time  fixed  by  the  calculations  of  Clairaut. 
who,  upon  repeating  the  process  by  which  he  had 
arrived  at  the  result,  reduced  this  error  to  nineteen 
days.  The  same  comet  again  made  its  appear- 
ance, according  to  prediction,  in  1835,  of  which, 
a  particular  account  will  be  given  in  the  sequel. 

3.  Another  remarkable  comet  made  its  appear- 
ance in  1744,  which  excited  a  considerable  degree 
of  attention.  It  was  first  seen  at  Lausanne,  in 
Switzerland,  December  13, 1743;  from  that  period 
it  increased  in  brightness  and  magnitude  as  it 
approached  nearer  the  sun.  On  the  evening  of 
January  23,  1744,  it  appeared  exceedingly  bright 
and  distinct,  and  the  diameter  of  its  nucleus  was 
nearly  equal  to  that  of  Jupiter.  Its  tail  then  ex- 
tended above  16  degrees  I'rom  its  body,  and  was 
supposed  to  be  about  23  millions  of  miles  in 
length.  On  tiie  11th  of  February,  the  nucleus, 
which  had  before  been  always  round,  appeared 
oblong  in  the  direction  of  the  tail,  and  seemed 
divided  into  two  parts  by  a  black  stroke  in  the 
middle.  One  of  the  parts  had  a  sort  of  beard, 
brighter  than  the  tail;  this  beard  was  surrounded 
by  two  unequal  dark  strokes,  that  separated  the 
beard  from  the  hair  of  the  comet;  these  odd  phe- 
nomena disappeared  the  next  day,  and  nothing 
was  seen  but  irregular  obscure  spaces  like  smoke 
in  the  middle  of  the  tail,  and  the  head  resumed 
its  natural  form.  On  the  fifteenth  of  February, 
the  tail  was  divided  into  two  branches,  the  eastern 
about  8  degrees  long,  the  western  24.  On  the 
23d  the  tail  began  to  be  bent.  It  showed  no  tail 
until  it  was  as  near  the  sun  as  the  orbit  of  Mars, 
and  it  increased  in  length  as  it  approached  nearer 
that  luminary.  At  its  greatest  length,  it  was 
computed  to  equal  a  third  part  of  the  distance  of 
the  earth  from  the  sun.*  This  was  one  of  the 
most  brilliant  comets  that  had  ap;  eared  since  that 


*  Memoirs  of  tlie  Academy  of  Sci*ace»  for  1744. 
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of  1680.  Its  fail  was  visible  for  a  long  time  after 
its  body  was  iiid  under  the  horizon:  it  extended 
20  or  30  degrees  above  the  liorizon,  two  hours 
before  sunrise. 

4.  In  tlie  month  of  June,  1770,  Messier  disco- 
vered a  comet,  the  motions  of  wliich  aj>pear  to  be 
involved  in  a  considerable  degree  of  mystery. — 
The  comet  continued  visible  for  a  long  time. — 
Lexell  ascerttiined,  from  observation,  that  it  de- 
scribed an  ellipse  around  the  sun,  of  which  the 
greater  axis  was  only  three  limes  the  diameter  of 
the  eartli's  orbit,  which  corresponds  witii  a  revo- 
lution of  5}.^  years.  It  was  therefore  expected 
that  it  would  again  frequently  make  its  appear- 
ance; but  it  has  never  since  been  visible,  although 
it  made  a  pretty  brilliant  appearance-  in  1770. — 
The  National  Institute  of  France,  not  many  years 
ago,  requested  M.  Burkhardt  to  repeat  all  the  cal- 
culations with  the  utmost  care  ;  and  the  result  of 
his  labor  has  been  a  complete  confirmation  of  the 
elements  obtained  by  Lexell.  What  has  become 
of  this  comet  it  is  difficult  to  conjecture.  Its 
aphelion,  or  greatest  distance  from  the  sun,  was 
reckoned  to  be  not  far  beyond  the  orbit  of  Ju- 
piter, and  that  it  approached  as  near  to  the  earth 
as  the  moon,  and  ougiit  to  have  aj)peared  twelve 
times  since  the  year  1770.  M.  Arago  attempts  to 
solve  the  difficulty  by  affirming  that  its  orbit  was 
then  totally  different  from  that  which  it  has  since 
pursued;  that  its  passage  to  the  point  of  perihelion 
iu  1776,  vi^hen  it  was  expected,  took  place  by  day, 
and  before  the  following  return,  the  form  of  the 
orbit  was  so  altered  that  had  the  comet  been  visi- 
ble from  the  earth,  it  would  not  have  been  recog- 
nized; that  before  1777,  during  tlie  whole  progress 
of  its  revolutions,  its  shortest  distance  from  the 
sun  was  199,000,000  leagues,  and  that  after  1779, 
the  minimum  distance  became  131 ,000,000  leagues, 
which  was  still  too  far  removed  for  the  comet  to 
be  perceptible  from  the  earth.  Sir  David  Brews- 
ter attempts  to  account  for  its  disappearance  by 
supposing  that  it  must  have  been  attracted  by  one 
of  the  planets  wliose  orbit  it  crossed,  and  must 
have  imparted  to  it  its  nebulous  mass;  and  that  it  is 
probable  ttie  comet  passed  near  Ceres  and  Pallas, 
and  imparted  to  them  those  immense  atmosplf?fts 
which  distinguish  them  from  all  the  other  planets. 
Whether  any  of  these  opinions  be  tenable  and 
sufficient  to  solve  the  difficulty,  is  left  entirely 
with  the  reader  to  determine. 

5.  Another  comet  which  has  engaged  the  par- 
ticular attention  of  astronomers  during  the  last 
twenty  years,  is  distinguished  from  all  preceding 
comets  by  the  shortness  of  its  periodic  revolution. 
It  is  usually  denominated  Eiicke's  comet,  so  called 
from  Professor  Encke,  of  Berlin,  who  first  ascer- 
tained its  periodical  return.  It  was  discovered  at 
Marseilles,  on  the  2()th  November,  lbl8,  by  M. 
Pons,  and  its  parabolic  elements  were  presented 
to  the  Board  of  Longitude,  at  Paris,  by  M.  Bou- 
vard,  on  the  l.'jth  of  January,  1819.  It  was  im- 
mediately remarked  that  the  result  of  Bouvard's 
calculations  was  too  similar  to  the  elements  of  a 
comet  which  appeared  in  1805,  not  to  consider 
that  and  the  one  of  1818  as  the  same  body;  and 
M.  Encke  soon  after  established,  by  incontestable 
calculations,  that  this  comet  took  only  about 
1200  daj's,  or  three  years  and  three-tenths,  to  tra- 
vel through  the  whole  extent  of  its  elliptic  orbit. 
This  was  considered  as  a  very  extraordinary  re- 
sult, as  an  opinion  had  previously  prevailed  that 
the  period  of  a  revolution  of  a  comet  must  neces- 
sarily be  long.  It  now  appears  that  this  comet 
was  first  seen  by  Messier  and  Mechain  in  178G; 
afterward  by  Miss  Herschel  in  1795;  and  its  sub- 
sequent returns  were  observed  by  ditFerent  astron- 


omers in  1805  and  1819,  all  of  whom,  at  those 
[)eriods,  supposed  that  the  four  comets  were  four 
difierent  bodies.  The  elements  of  this  comet,  and 
the  short  period  of  its  revolution,  are  now  incon- 
trovertibly  established;  for  its  reappearance  in  the 
southern  hemisphere  in  June,  lb'i2,  took  place 
very  nearly  in  the  positions  previously  calculated. 
The  agreement  was  not  less  remarkable  in  lc25; 
and  in  1828,  the  third  period  of  its  announced  re- 
turn, it  occupied  the  places  assigned  to  it  by 
Encke  the  year  preceding.  It  likewise  appeared 
in  1832,  1835,  and  1838. 

This  comet  is  very  small;  its  light  is  feeble;  it 
has  no  tail;  it  is  invisible  to  the  naked  eye,  except 
iu  very  favorable  circumstances,  but  may  be  seen 
with  a  small  magnifying  power.  It  revolves  in  an 
ellii)tical  orbit  of  considerable  eccentricity,  having 
an  inclination  to  the  plane  of  the  ecliptic  of  134-^ 
degrees.  On  comparing  the  intervals  between  the 
successive  perihelion  passages  of  this  comet,  a  sin- 
gular iact  has  been  elicited,  namely,  that  its  pe- 
riods are  continually  ciminishing,  and  its  mean 
distance  from  the  sun  shortening  by  slow  but  re- 
gular degrees.  This  is  supposed  by  M.  Encke  to 
be  produced  by  a  resistance  experienced  by  the 
comet  from  avery  rare  ethereal  medium  pervading 
the  regions  through  which  it  moves;  since  such 
resistance,  by  diminishing  its  actual  velocity,  would 
diminish  also  its  centrifugal  force,  and  thus  give 
the  sun  more  power  over  it  to  draw  it  nearer.  It 
is  therefore  the  opinion  of  Sir  J.  Herschel,  that 
"it  will  probably  fall  ultimately  into  the  sun, 
should  it  not  first  b  ■  dissipated  altogether,  a  thing 
no  way  improbable,  when  the  lightness  of  its  ma- 
terials is  considered,  and  which  seems  authorized 
by  the  observed  fact  of  its  having  been  less  and 
less  conspicuous  at  each  reappearance."  The  ac- 
celeration of  this  comet  is  about  two  days  in  each 
revolution;  and  the  frequent  ojiportunities  of  ob- 
servation which  will  occur,  in  coaseqnence  of  the 
shortness  of  its  period,  may  lead  to  new  and  in- 
teresting conclusions  in  relation  to  the  nature  of 
these  bodies. 

6.  Beside  the  above,  another  periodical  comet 
has  lately  been  discovered,  which  is  distingnished 
bj'  the  name  of  Biela^s  and  sometimes  GamharVs 
comet.  This  comet  was  perceived  at  Johannisberg, 
on  the  27th  Feb.,  1826,  by  M.  Biela;  and  by  M. 
Gambart,  at  Marseilles,  ten  days  afterward..  Gam- 
bart,  without  delay,  calculated  its  parabolic  ele- 
ments from  his  own  "observations,  and  by  inspect- 
ing a  general  table  of  comets,  he  recognized  that 
it  was  not  its  first  appearance,  but  that  it  had  been 
already  observed  in  1789, and  1795.  Messrs.  Clau- 
sen and  Gambart  undertook  the  computation  of 
the  comet's  revolution,  and  found,  each  of  them 
nearly  at  the  same  time,  that  the  new  comet  made 
its  entire  revolntion  round  the  sun  in  a  period  of 
about  seven  years.  It  was  afterward  found,  more 
accurately,  to  be  2460  days,  or  nearly  6^^  years. 
M.  Damoiseau  calculated  the  perturbations  of  this 
comet,  and  predicted  tliat  it  would  cross  the  plane 
of  the  earth's  orbit  on  the  29lh  of  October,  18;)2, 
a  litll'-  before  viidniijht,  at  a  point  about  18,480 
miles  within  tlie  orbit  of  the  earth.  According  to 
this  prediction,  the  comet  actually  made  its  ap- 
pearance in  1832  about  the  time  now  specified. 
Its  next  appearance  was  calculated  to  happen  in 
1839;  and  it  was  reckoned  that  it  would  arrive  at 
its  perihelion  on  the  23d  July  of  that  year. 

The  predicted  appearance  'J  this  comet  in  1839 
seems  to  have  produced  considerable  alarm,  par- 
ticularly in  France.  Some  German  journalists  pre- 
dicted that  it  would  cross  the  earth's  orbit  near 
the  point  at  which  the  earth  would  be  at  the  time, 
and  cause  the  destruction  of  our  globe.     Such  wai 
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the  degree  of  alarm  excited  on  tins  occasion,  that 
M.  G  *  *  *,  a  Professor  in  Paris,  put  the  question 
to  the  Academy  of  Sciences,  whether  it  did  not 
feel  itself  bound  in  duty  to  refute,  as  sjieedily  as 
possible,  tiiis  assertion.  "  Popular  terrors,"  he  ob- 
eerved,  "are  productive  of  serious  consequences. 
Several  members  of  the  Academy  may  still  re- 
member the  accidents  and  disorders  which  follow- 
ed a  similar  threat,  imprudently  communicated  to 
the  Academy  by  M.  de  Lalande,  in  May,  1773. 
Persons  of  weak  mind  died  of  fright,  and  women 
miscarried.  Tiiere  were  not  wanting  people  who 
knew  too  well  the  art  of  turning  to  their  advan- 
tage the  alarm  inspired  by  the  approacliing  comet, 
and  places  in  paradise  were  sold  at  a  very  Jdqli  rate. 
The  announcement  of  the  comet  of  1832  may 
produce  similar  effects,  unless  the  authority  of  the 
Academy  apply  a  prompt  remedy;  and  this  salu- 
tary intervention  is  at  this  moment  implored  by 
many  benevolent  persons."  It  was  supposed  by 
some,  that  if  any  disturbing  cause  should  delay 
the  arrival  of  the  comet  for  one  month,  the  earth 
must  pass  directly  through  its  head. 

In  order  to  dispel  such  fears,  and  to  illustrate 
the  nature  of  these  bodies,  M.  Arago  published  an 
excellent  and  popular  treatise  on  comets  in  the 
"  Annuaire'"  of  1832.  He  showed  that  the  result 
of  tiie  calculation  was,  that  the  passage  of  the 
comet  ought  to  proceed  a  little  within  our  orbit,  and 
at  a  distance  from  that  curve,  which  is  equal  to 
four  terrestrial  radii  and  two-thirds,  or  about  37,- 
000  miles;  tlu-.t  on  the  29th  October,  1832,  a  por- 
tion of  the  earth's  orbit  might  be  included  within 
the  nebulosity  of  the  comet;  but  that  the  earth 
would  not  arrive  at  the  same  point  of  its  orbit  until 
tlie  morning  of  the  30th  November,  or  more  than 
a  month  afterward;  and  consequently  that  tiie 
earth  would  be  more  than  twenty  millions  of 
French  leagues  (or  fifty  millions  of  British  miles) 
distant  from  the  comet.  He  adds,  that  "  if  the 
comet,  instead  of  crossing  the  plane  of  the  ecliptic 
on  the  29th  October,  had  not  arrived  there  until  the 
morning  of  the  30th  November,  it  would  have 
undoubtedly  mingled  its  atmosphere  with  ours, 
and  perhaps  even  have  struck  us  !"  The  earth  is 
considered  in  more  danger,  if  danger  there  be, 
from  this  comet  and  that  of  Encke  than  from  any 
other.  Encke's  comet  crosses  the  orbit  of  the 
earth  sixty  times  in  the  course  of  a  century,  and 
there  is  certainly  a  possibilitij  that  it  might  come 
into  collision  with  the  earth,  but  the  probability  of 
its  doing  so  is  very  small;  and,  beside,  this  comet 
and  that  of  Gambart  are  so  extremely  rare,  that 
little  danger  is  to  be  apprehended,  even  although 
a  contact  were  to  take  place.  Gambart's  is  a  small, 
insignificant  comet,  without  a  tail,  or  any  appear- 
ance whatever  of  a  solid  nucleus,  and  is  not  dis- 
tinguishable by  the  naked  eye. 

7.  The  Comet  of  1807.  This  was  the  first  comet 
on  which  I  had  an  opportunity  of  making  obser- 
vations. My  first  observation  was  on  the  evening 
of  October  the  8th,  1807,  a  little  after  sunset, 
when  it  appeared  in  a  north-westerly  direction, 
not  far  distant  from  Arcturus,  which  was  then 
only  a  little  above  the  horizon.  To  the  naked 
eye  it  a])peared  somewhat  like  a  dim  nebu- 
lous star  of  the  second  magnitude,  with  a  beam 
of  light  on  one  side  of  it.  Through  a  telescope, 
its  tail  presented  a  pretty  brilliant  appearance,  and 
occupied  a  space  of  considerably  more  than  a  de- 
gree in  length.  The  coma  seemed  to  have  a 
roundish,  but  dim  and  undefined  appearance,  and 
appeared  more  indistinct  as  the  magnifying  power 
was  increased.  When  viewed  with  an  achro- 
matic telescope  of  thirty-one  inches  focal  distance, 
and  a  power  of  thirty,  it  presented  a  very  distinct , 


and  beautiful  appearance,  and  the  nucleus,  coma, 
and  tail,  nearly  filled  the  field  of  view.  When  a 
power  of  sixty  was  applied,  it  was  much  more 
indistinct  than  with  the  former  power  and  in  all 
the  subsequent  observations  the  lower  power  was 
generally  preferred.  In  the  course  of  five  or  six 
weeks,  or  about  the  middle  of  November,  it  disap- 
peared to  the  naked  eye.  I  traced  it  with  the 
telescope,  as  often  as  the  weather  would  permit, 
for  two  or  three  months  after  it  had  become  in- 
visible to  the  unassisted  sight,  and  found  that  its 
apparent  motion  was  pretty  rapid, and  toward  tho 
north-east.  About  the  middle  of  January,  1808, 
at  eleven,  p.  m.,  it  appeared  in  a  direction  north- 
east by  north;  and  at  this  time  it  appeared  through 
the  telescope  like  a  small  nebulous  star,  or  like 
those  species  of  comets  called  bearded  comets, 
having  no  trace  of  anything  similar  to  a  tail.  The 
last  time  I  saw  it  vvas  about  the  end  of  January, 
when  it  was  still  distinctly  visible,  like  a  nebulou.s 
star;  but  cloudy  weather  for  nearly  a  furtnight 
prevented  any  further  observations,  and  I  saw  it 
no  more.  On  the  evening  in  which  I  had  the  last 
peep  of  it,  I  detected  anollier  comet  within  eight 
or  ten  degrees  of  it,  which  appeared  like  a  star  of 
the  third  magnitude,  and  exhibited  a  pretty  bril- 
liant appearance  through  the  telescope.  It  had 
no  tail,  like  the  former  comet,  but  appeared  sur- 
rounded with  radiant  hairs  like  the  ylury  which 
painters  represent  around  the  head  of  our  Saviour. 
It  continued  visible  for  several  weeks;  but  I  have 
not  seen  any  particular  notices  of  this  second 
comet,  or  any  special  observations  on  it,  which 
have  been  recorded  by  astronomers. 

This  comet  appears  to  have  been  first  noticed 
by  Herschel  and  Schroeter  about  the  4tli  of  Octo- 
ber, 1807,  who  continued  their  observations  upon 
it  for  several  months.  According  to  Schroeter's 
observations  and  estimates,  the  diameter  of  the 
nucleus  of  this  comet  was  about  4600  miles,  sr 
nearly  the  size  of  the  planet  Mars,  and  appeared 
to  be  of  considerable  density;  the  diameter  of  its 
coma,  120,000  miles,  but  liable  at  different  times, 
to  variations  of  increase  and  decrease;  and  its 
rate  of  motion,  at  certain  periods,  1,333,380  mile? 
a  day,  or  55,557  miles  an  hour.  Its  tail  was  di- 
vided in  a  very  unusual  manner  into  two  separate 
branches;  the  north  side  continued  much  brighter 
and  better  defined  than  the  other,  and  was  also  in- 
variably convex,  while  the  other  side  was  concave. 
But  what  was  deemed  most  remarkable  was  the 
variation  in  length  and  the  coruscations  of  the 
tail.  Something  like  coruscation  had  been  ob- 
served by  the  naked  eye  in  the  case  of  preceding 
comets,  and  such  phenomena  appear  to  have  been 
confirmed  by  the  observations  of  Schroeter.  In 
less  than  one  second,  streamers  shot  forth  to  two 
and  a  half  degrees  in  length;  thej'  as  rapidly  dis- 
appeared and  issued  out  again,  sometimes  in  pro- 
portions and  interrupted  like  our  northern  lights. 
Afterward  the  tail  varied  both  in  length  and 
breadth,  and  in  some  of  the  observations,  the 
streamers  shot  from  the  whole  expanded  end  of 
the  tail,  sometimes  here,  and  sometimes  there,  in 
an  instant,  two  and  a  half  degrees  long,  so  that 
within  a  single  second  they  must  have  shot  out  a 
distance  of  4,^00,000  miles.  Their  light  was  also 
sometimes  whiter  and  clearer  at  the  end  than  at 
the  base,  as  is  occasionally  seen  in  the  northern 
lights.  Some  have  objected  to  the  extreme  rapidity 
of  the  streamers  as  here  stated,  but  the  fact  of 
coruscations  having  been  seen  appears  to  be  con- 
firmed by  the  observations  of  this  celebrated  and 
accurate  observer.  The  observations  of  Herschel 
on  this  comet  differ  in  some  respects  from  those 
of  Schroeter,    particularly   in   the    estimate  he 
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makes  of  the  size  of  the  nucleus,  which  he  reck- 
ons lo  be  considerably  smaller  than  what  has  been 
stated  above. 

Fig.  78  is  a  view  of  this  comet  as  seen  on  the 
night  of  October  2lst  by  Schroeter.  Fig.  79  is  a 
view  of  the  siirne  comet  as  seen  by  Bessel,  Octo- 
ber 22il,  at  eigiit  in  the  evening;  both  which  e.\- 
liibit  its  divided  tail. 

8.  The  most  remarkable  comet  which  has  ap- 
peared in  modern  times,  since  that  of  1G80,  was 
the  comet  of  1811.     About  the  beginning  of  Sep- 


Fig.  78. 


tember  in  tiiat  year,  about  eight  or  nine  in  the 
evening,  as  I  was  taking  a  random  sweep  with  rny 
telescope  over  the  north-western  quarter  of  the 
heavens,  au  uncommon  object  appeared  to  pass 
rapidly  across  the  field  of  view,  which  on  exami- 
nation appeared  to  be  a  splendid  comet.  Not 
having  heard  of  the  appearance  of  any  such  body 
at  that  time,  I  was  led  to  imagine  that  I  had  for- 
tunately got  the  first  peep  of  tiiis  illustrious  stran- 
ger ;  but  I  afterward  learned  from  the  public 
prints  that  it  had  been  seen  a  day  or  two  before 
by  Mr.  Neitch,  in  the  neighborhood  of  Kelso, 
who  appears  to  have  been  the  first  that  observed 
it  in  this  country.  This  comet  appeared  with  pe- 
culiar splendor,  and  was  visible,  even  to  the  na- 
ked eye,  for  more  than  three  mouths  in  succes- 
eion,  and  excited  universal  attention.  It  afForded 
to  astronomers  more  opportunities  for  observation 


of  its  physical  aspect  and  constitution,  and  for  de- 
termining the  elements  of  its  orbit,  than  almost  any 
other  comet  that  had  previously  appeared.  The 
two  celebrated  observers,  Ilerschel  and  Schroeter, 
made  numerous  and  very  particular  observations 
on  the  phenomena  and  motions  of  this  comet, 
which  were  continued  every  clear  evening  foi  the 
space  of  nearly  five  months.  Some  of  tiiese  ob- 
servations, along  with  the  remarks  and  deductions 
connected  with  them,  are  extremely  interesting  to 
the  astronomical  observer;  but  my  limits  will 
permit  only  a  statement  of  the 
general  results. 

Some  of  the  results  deduced  by 
Schroeter  are  the  following : — 
That  the  central  globe  of  light, 
or  what  he  calls  the  nucleus,  was 
50,000  miles  in  diameter,  or  near- 
ly six  and  a  half  times  the  diame- 
ter of  the  earth,  which  he  dedu- 
ced from  the  mean  of  twenty- 
seven  measurements,  which  gave 
1'  49"  as  the  mean  angular  diame- 
ter of  the  body;  that  this  great 
body  was  in  all  probaLiiity  chiefly 
fluid,  though  its  central  parts 
might  consist  of  denser  substan- 
ces; and  that  there  was  reason  to 
believe  that  it  shone  with  its  own 
native  light.  The  coma  was  ex- 
tremely rarefied  in  comparison 
with  the  nucleus,  resembling  a 
very  faint  whitish  light,  scattered 
in  separate  portions.  It  was  di- 
vided into  two;  one  immediately 
encompassing  the  nucleus,  the 
other  of  a  moie  faint  and  grayish 
liglit,  sweeping  round  it  at  a  dis- 
tance, and  forming  the  double 
tail  which  the  comet  presented. 
The  train,  or  head  vail,  as  he 
terms  it,  swept  around  the  nu- 
cleus, at  a  distance  equal  to  its 
'^  tO  breadth,  and  appeared  as  uncon- 
nected as  the  ring  of  Saturn  with 
its  body,  and  which  sometimes 
appeared  darker  than  the  open 
sky.  The  diameter  of  this  exte- 
rior part  of  the  head  was  34'  15", 
or  about  947,000  miles,  which  is 
larger  than  the  diameter  of  the 
sun,  and  which  he  thinks  must 
have  formed  a  hollow  cone  around 
the  nucleus,  and  which  he  thought 
indicated  a  force  of  a  repulsive 
nature  residing  in  the  nucleus. 
Between  the  4Lh  and  6lh  of  De- 
cember a  great  revolution  took 
place;  the  rarefied  nebulous  mutter,  which  had 
for  tliree  months  been  so  unusually  repelled  from 
the  nucleus  on  every  side,  to  a  distance  of  about 
one-fifth  of  the  diameter  of  the  head,  or  190,000  ■ 
miles,  was  again  attracted  to  it,  affording  an  in- 
controvertible proof  of  physical  action  upon  a 
great  scale,  arising  doubtless  from  the  same  causes 
which  produce  tlie  other  phenomena  of  nature. 
The  double  tail  of  thisQomet  was  exceedingly  faint 
compared  with  the  nucleus  and  coma.  On  the 
23d  of  October,  it  extended  fully  eighteen  degrees, 
notwithstanding  its  oblique  position,  the  angle  at 
the  sun  being  then  61°  23';  at  the  earth,  69"^;  and 
at  the  comet,  49°  37'.  Had  it  been  viewed  at  right 
angles,  it  would  have  subtended  an  angle  of  36° 
30',  equivalent  to  more  tiian  00,000,000  of  miles, 
which  is  more  than  half  the  distanci-  from  the 
earth  to  the  sun.     Coruscations,  similar  to  those 
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ffliich  appeared  in  tlie  tail  of  the  comet  of  1807, 
were  likewise  perceived,  particularly  on  October 
t]>e  16lii,  when  a  small  tail  instantaneously  ap- 
peared, tiien  vanished,  and  reappeared,  wliich  was 
in  length  equal  to  three  times  the  diameter  of  the 
comet's  heail,  or  2,373,000  miles.  Other  displays 
of  the  same  kind  took  place  on  the  7tli  of  No- 
vember and  the  18th  of  December.  These  facts, 
of  the  reality  of  whicli  Schroeter  entertained  not 
the  least  doubt,  must  be  considered  as  very  curi- 
ous and  extraordinary  phenomena.* 

Hi-rschel's  observations  nearly  agree  with  those 
of  Schroeter,  excepting  that  he  estimates  the  di- 
ameter of  the  nucleus  as  very  much  smaller  than 
what  is  stated  above.  He  estimates  t!ie  greatest 
length  of  the  tail,  as  seen  on  the  15th  of  October, 
to  have  been  100,000,000,  or  a  hundred  millions  of 
miles,  which  consequently  extended  over  a  space 
larger  tlian  that  which  intervenes  between  the 
earth  and  the  sun;  and  its  breadth,  as  deduced 
from  the  observations  of  October  the  12lh,  nearly 
fifteen  millions  of  miles.  lie  calculated  its  dis- 
tance when  nearest  to  the  earth  to  be  about  113 
millions  of  miles.  He  concluded  that  the  solid 
matter  of  the  comet  was  spherical,  that  it  shone 
in  part  by  its  own  native  light,  and  that  it  proba- 
bly had  a  rotation  round  its  axis.  From  the  niost 
accurate  observations  of  the  motion  of  this  comet, 
its  period  of  revolution  has  been  calculated  to  ex- 
ceed 3000  years.  Bessel  computes  it  at  3383  years; 
and  several  other  astronomers  conceive  its  period 
to  be  considerably  longer,  even  exceeding  4000 
years. 

9.  Reappearance  of  Halley's  Comet  in  1835.  The 
return  of  this  comet  was  calculated  by  Messrs. 
Damoiseau  and  Pontecoulant;  the  former  of  whom 
calculated  its  return  to  the  perihelion  on  the  4th, 
and  the  latter  on  the  7th  of  November,  1835,  and 
it  actually  arrived  at  that  point  only  a  few  days 
after  these  periods,  namely,  on  the  I6th  of  No- 
vember. It  was  first  seen  on  the  continent  in  the 
month  of  August  that  year,  but  does  not  appear 


*  Having  refeiToi!,  on  various  oci;asions,  to  the  observa- 
tions of  Lliat  indefatigable  astronomer,  Schroeter,  of  Lilien- 
thal,  it  may  not  be  uninteresting  to  some  renders  to  insert 
tlie  account  of  the  losses  he  sustained  by  the  burning  and 
plunder  of  his  observatory,  ^s  expressed  in  his  own  pathetic 
language  : 

"  At  length,  after  the  most  touching  afflictions  of  mortali- 
ty, I  once  more  auaUe  in  my  temple  consecrated  to  the 
Eternal  Godhead,  and  am  again  able,  after  a  total  derange- 
ment of  my  affairs,  to  edit  these  collections  concerning  the 
great  comet  of  ]8I].  Through  the  most  barbarous  fury,  in 
consequence  of  an  equally  barbarous  decision,  the  whole  in- 
nocent soft  vale  of  Lilies  fthe  signification  of  the  name  of 
Lilienthal,  where  his  observatory  was  situated)  was  burnt 
to  the  ground,  without  any  previous  examination.  They 
likewise  burnt  down  the  royal  government  buildings.  I  lost 
my  whole  movable  property,  and,  what  was  most  sensil)ly 
felt  by  me,  among-t  it,  with  a  considerable  Io<s  also  to  the 
booksellers  of  Europe,  the  sole  copy  of  the  whole  of  my 
works  and  writings  deposited  in  the  government  house. — 
Even  ray  observatory,  jireserved  by  Providence  from  the  fire, 
was  a  few  days  afterward  broken  into,  plundereil,  and 
shamefully  thrown  into  confusion  by  demolishing  the  clocks, 
breaking  off"  the  finders  from  the  instruments,  and  carrying 
off  the  smaller  instruments.  Previously,  indeed,  haVin" 
been  removed  t^om  my  post,  my  income  had  gradually  be- 
come so  very  straiteneil,  I  was  obliged  to  forego  ail  but  the 
most  necessary  outlays,  and  to  give  myself  up  to  a  scienti- 
fic slumber.  Under  the  endurance  of  these  troubles  all  my 
scieritilic  patrons  and  friends  will  doubtless,  as  far  as  possi*- 
ble,  excuse  me,  if  through  melancholy,  and  on  account  of 
the  extraordinary  high  rate  of  postage,  I  have  been  com- 
pelled to  put  out  of  sight  so  many  obligations  of  cour'esy, 
for  to  the  present  time  everything  is  so  straitened  with  me 
that  my  observatory,  from  want  of  time  and  heavy  expenses 
is  for  the  most  part  a  confusion. 

"  JOH.    HiERONYM.   ScHROETER." 

"Lilienthal,  Jan.  22,  1815." 

Schroeter  did  not  long  survive  the  calamity  alluiled  to 
ahove.  He  died  or.  the  20th  of  .(*  ugust,  ISJti,  in  the  Tlst 
year  of  his  age. 


to  have  been  noticed  in  the  northern  parts  of  Bri- 
tain until  more  than  a  month  afterward.  Its  ex- 
pected reappearance  excited  universal  attention 
throughout  Europe.  Soon  after  the  middle  of 
September,  as  I  was  taking  a  sweej)  with  a  two- 
feet  telescope  over  the  north-eastern  quarter  of 
the  heavens,  near  the  point  where  I  expected  its 
appearance,  I  happened  to  lix  my  eye  on  this  long- 
expected  visitor,  wliioh  appeared  very  small  and 
obsciire.  1  immediately  directed  an  excellent 
three  and  a  half  feet  achromatic  telescope,  with  a 
diagonal  eye-piece,  magnifying  about  tbirty-four 
times,  to  the  comet,  when  it  was  distinctly  seen, 
and  appeared  of  a  considerable  diameter,  but  slill 
somewhat  hazy  and  obscure.  I  afterward  applied 
a  power  of  forty-five,  and  another  of  ninety-five: 
but  it  was  seen  most  dislinctly  with  the  lower 
power.  With  ninety-five  it  appeared  extremely 
obscure,  and  nearly  of  the  apparent  size  of  the 
moon.*  There  appeared  at  this  time  nothing  like 
a  tail,  but  the  central  part  was  much  more  lumi- 
nous than  the  other  portions  of  the  comet,  and 
presented  something  like  the  appearance  of  a  star 
of  the  third  or  fourth  magnitude  surrounded  with 
a  haze.  In  some  of  the  views  I  took  of  this  ob- 
ject, the  luminous  part  or  nucleus  appeared  to  be 
considerably  nearer  one  side  than  another.  At 
this  period,  and  for  a  week  or  ten  days  afterward, 
the  comet  was  altogether  invisible  to  the  naked 
eye.  Many  subsequent  observations  were  made, 
and  published  in  the  provincial  news|)apei's,  out 
which  my  present  limits  prevent  me  from  insert- 
ing. 

After  the  comet  became  visible  to  the  naked 
eye,  the  tail  began  to  appear,  and  increased  in 
length  as  it  approached  its  perihelion,  and  at  its 
utmost  extent  was  estimated  to  be  above  thirty 
degrees  in  length.  On  the  13th  of  October,  ac- 
cording to  the  observations  of  Arago,  a  luminous 
sector  was  visible  in  its  head;  on  the  day  follow- 
ing, the  sector  had  disappeared,  and  a  more  bril- 
liant one  and  of  greater  longitudinal  extent  was 
formed  in  another  place.  This  second  sector  was 
observed  on  the  17th,  when  it  appeared  less  bright; 
and  on  the  1 8th  its  weakness  had  decidedly  in- 
creased. The  comet  v/as  concealed  until  the2ist, 
but  on  that  day  three  distinct  sectors  were  visible 
in  the  nebulosity.  On  the  23d,  all  traces  of  these 
sectors  had  disappeared,  the  nucleus,  which  had 
previously  been  brilliant  and  well-defined,  having 
become  so  large  and  diffuse  that  the  observer 
could  scarcely  believe  in  the  reality  of  such  a  sud- 
den and  important  alteration,  until  he  satisfied  him- 
st'lf  that  the  appearance  was  not  occasioned  by 
the  moisture  on  the  glasses  of  his  instrument.  It 
appears,  likewise,  that  one  of  these  himinous  fans 
or  sectors  was  observed  by  Sir  J.  Herschel,  at  the 
Cape  of  Good  Hope,  after  the  comet  had  passed 
its  perihelion.  The  nebidosity  of  this  comet  ap- 
pears to  have  increased  in  magnitude  as  it  ap- 
proached the  sun,  but  its  changes  were  sometimes 
unaccountably  rapid.  On  one  occasion  it  was  ob- 
served to  becoine  obscure  and  enlarged  in  the 
course  of  a  few  hours,  though  a  little  before,  its 
nucleus  was  clear  and  well-defined.  On  tliQ  11th 
of  October,  the  Rev.  T.  W.  Webb,  and  two  other 
observers,  observed  coruscations  in  the  tail.  On 
that  evening,  at  7h.  30',  the  tail  was  very  conspi- 
cuous, extending  between  X  and  j- Draconis,  and 
evidently  fluctuated,  or  rather  coruscated,  in 
length,  being  occasionally  short,  and  then  stretch- 


*  In  viewing  comets,  telescopes  with  large  apertures  and 
comparatively  low  magnifying  powers  should  generally  be 
used,  as  the  faint  light  emitted  by  comets,  whether  it  be  m 
liereni  or  reflected,  will  not  permit  the  use  of  so  high  mag- 
nilying  powers  as  may  be  applied  >o  the  p  anets. 
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iiig,  in  the  twinkling  of  an  eye,  to  its  full  extent, 
which  was  at  least  equal  to  ten  degrees.  I  Is  changes 
were  extremely  similar  to  t!ie  kindling  and  la- 
ding of  a  very  faint  streamer  of  the  Aurora  liore- 
alis. 

"  The  influence  of  the  ethereal  medium  on  the 
motion  of  llallcy's  comet  will  be  known  after  an- 
other revolution,  and  future  astronomers  will  learn, 
by  the  accuracy  of  its  returns,  whether  it  has  met 
with  any  unknown  cause  of  disturbance  in  its 
distant  journey.  Undiscovered  planets  beyond  the 
visible  boundary  of  our  system  may  chajige  its 
path  and  the  period  of  its  revolution,  and  thus 
may  intiirectly  reveal  to  us  their  existence,  and 
even  their  ph3sical  nature  and  orbit.  The  secrets 
of  the  yet  more  distant  heavens  may  be  disclosed 
to  future  generations  by  comets  which  penetrate 
etill  farther  into  space,  such  as  that  of  1763, 
whicli,  if  any  I'aith  may  be  placed  in  the  comi)U- 
tation,  goes  nearly  4.3  times  farther  from  the  sun 
than  Halley's  does,  and  shows  that  the  sun's  at- 
traction is  powerful  enough  at  the  distance  of 
141,600  millions  of  miles  to  recall  the  comet  to  its 
perihelion.  The  periods  of  some  comets  are  said 
to  be  many  thousand  years,  and  even  the  average 
time  of  the  revolution  of  comets  generally  is  about 
a  thousand  years;  which  proves  that  the  sun's 
gravitating  force  extends  very  far.  La  Place  es- 
timates that  the  solar  attraction  is  felt  throughout 
a  sphere  whose  radius  is  a  hundred  millions  of 
times  greater  than  the  distance  of  the  earth  from 
the  sun."  "  The  orbit  of  Halley's  comet  is  four 
times  longer  than  it  is  broad;  its  length  is  about 
3420  millions  of  miles,  about  30  times  the  mean 
distance  of  the  earth  from  the  sun.  At  its  peri- 
helion it  comes  within  57  millions  of  miles  of  tlie 
sun,  and  at  its  aphelion  it  is  60  times  more  distant. 
On  account  of  this  exteni-ive  range,  it  must  expe- 
rience 3600  times  more  light  when  nearest  to  the 
Bun  than  in  the  most  remote  point  of  its  orbit.  In 
the  one  position  the  sun  will  seem  to  be  four  times 
larger  than  he  apjiears  to  us,  and  at  the  other  he 
will  not  be  apparently  larger  than  a  star.* 

The  appearance  of  tliis  comet,  so  near  the  time 
predicted  by  astronomers,  and  in  positions  so  near- 
ly agreeing  with  those  which  were  previously  cal- 
culated, is  a  clear  proof  of  the  astonishing  accu- 
racy which  has  been  introduced  into  astronomical 
calculations,  and  of  the  soundness  of  those  prin- 
ciples on  which  the  astronomy  of  comets  is  found- 
ed. It  likewise  shows,  that  comets,  in  general, 
are  permanent  bodies  connected  with  the  solar  sys- 
tem, and  that  no  very  considerable  change  in  their 
constitution  takes  place  while  traversing  the  dis- 
tant parts  of  their  orbits. f 

From  the  preceding  historical  sketches  and  de- 
scriptions, the  reader  will  learn  something  of  the 


*  Mrs.  Somerville's  "  Connection  of  tlie  Pliysical  Sei- 
encps,"  a  work  whicli,  tlionjli  vvriiien  in  a  popular  stvle, 
wonlil  do  honor  to  the  first  philosophers  of  Europe.  Of  tliis 
liidy's  prolound  mathematical  work  on  the  "  IMechanism  of 
the  Heavens,"  the  Edinhurgh  Review^prs  remark — "  It  is  un- 
questionably one  of  the  most  remarkable  works  that  female 
intelleA  ever  produced  in  any  a;;e  or  country;  and  with  re- 
spect (0  the  present  day,  we  hazard  little  in  sayintf,  that 
Mrs.  Pomerville  is  the  only  individual  of  lier  sex  "in  the 
world  who  could  liave  written  it." 

t  The  most  particular  observations  on  Halley's  comet, 
durinw  its  appearance  in  IH'.'H,  which  I  have  seen,  are  those 
which  were  made  by  the  Rev.  T.  W.  \Vebb,  of  Tretire, 
near  Ross,  an  account  of  which,  with  deductions  and  re- 
marks, was  read  to  the  Worcestershire  Natnral  History  So- 
ciety. The  observations  were  made  with  an  excellent  ach- 
romatic telescope  by  Tulley,  of  .I  feet  6  inches  focal  length, 
and  4  7-10  inches  aperture.  Through  the  kindness  of  this 
gentleman  I  was  favored  with  a  manuscript  copy  of  these 
observations,  and  would  have  availed  myself  oi"  many  of 
his  judicious  remarks,  had  ray  limits  permitted. 


general  phenomena  of  comets;  and  I  shall  now 
briefly  inquire  into  the  opinions  which  liave  been 
formed  respecting  tlie 

PHYSICAL   CONSTITUTIO.N'    OF   COMETS. 

On  this  subject  our  knowledge  is  very  imper- 
fect; in  fact,  we  may  be  said  to  know  little  or  no- 
thing of  the  physical  construction  of  those  mys- 
terious bodies,  or  of  the  nature  of  the  substances 
of  which  they  are  composed.  In  regard  to  the 
nehulosily  of  comets,  where  there  appears  no  nu- 
cleus, it  has  been  conjectured  to  be  composed  of 
something  analogous  to  globular  masses  of  vapor, 
slightly  condensed  toward  the  center,  and  shining 
eitlier  by  inherent  light  or  by  ttie  reflected  rays 
of  the  sun.  When  iliere  is  a  nucleus  in  the  cen- 
ter of  a  comet,  it  seldom  happens  that  the  nebu- 
losity extends  to  it  with  a  gradually  increasing 
intensity.  On  the  contrary,  the  parts  of  the  neb- 
ulosity near  the  nucleus  are  but  slightlj'  lumin- 
ous, and  seem  to  be  extremely  rarefied  atid  trans- 
parent. At  some  distance  from  their  center,  their 
sliining  quality  is  suddenly  increased,  so  that  it 
looks  like  a  ring  of  invariable  size  resting  in  equi- 
librium around  the  center.  Sometimes  two,  and 
even  three  of  these  concentric  rings  have  beea 
perceived  separated  by  intervals;  but  what  ap- 
pears to  be  a  ring  must  in  reality  be  a  spherical 
covering,  an  idea  of  which  may  be  formed  by  im- 
agining, in  our  atmosphere,  at  three  diftereut 
bights,  three  continued  layers  of  clouds  entirely 
covering  the  globe.  The  matter  of  the  nebulos- 
ity is  so  rare  and  transparent  that  the  smallest 
stars  may  frequently  be  seen  through  it. 

As  to  the  nucleus,  it  is  generally  considered  as 
the  solid  or  densest  part  of  the  comet.  The  nuclei 
of  comets  are  sometimes  very  similar  to  the  discs 
of  planets,  both  in  form  and  brightness.  They  are 
generally  small  compared  with  the  wliole  size  of 
the  comet;  but  in  some  cases  they  are  of  consid- 
erable magnitude,  as  we  have  already  stated  in  re- 
spect to  the  comets  of  1807  and  Ibll.  Some 
suppose  that  the  nuclei  of  comets  are  transparent 
as  well  as  their  nebulosities,  and  allege  a.s  a  proof 
that  stars  have  been  seen  through  a  nucleus.  Thus, 
IWontaigne  is  said  to  have  seen  a  star  of  the  sixth 
magnitude  through  the  nucleus  of  a  small  comet, 
and  Olbers  saw  a  star  of  the  seventh  magnitude, 
although  it  was  covered  by  a  comet,  and  without 
its  light  being  rendered  less  powerful;  but  the  ac- 
curacy of  such  observations  has  been  called  in 
question.  On  the  other  Jiand,  it  has  been  conclu- 
ded that  the  nucleus  of  a  comet  has  on  several 
occasions  eclipsed  a  star  which  was  in  the  same 
line  of  vision.  Messier,  when  observing  the 
small  comet  of  1774,  perceived  a  star  which  was 
eclipsed  by  the  opaque  bod}^  of  a  comet,  or  at 
least,  all  the  circumstances  attending  it  led  to  that 
conclusion.  On  the  2Hth  of  Nov.  lt-28,  at  lOli. 
30',  p.  M.,  M.  Wartmann,  at  Geneva,  jierceived  a 
star  of  the  eighth  magnitude  completely  eclipsed 
by  Encke's  comet.  Comets  jiave  likewise  lieen 
observed  to  transit  the  disc  of  the  sun  like  dark 
spots.  1\I.  Gambart,  of  Marseilles,  calculated  that 
It  comet  which  he  had  observed  would  pass  across 
the  su!i  on  the  morning  of  the  iSth  of  November, 
1826,  and  both  he  and  M.  Flaucerques  were  suc- 
cessful in  obtaining  a  sight  of  it  tluring  its  transit. 
Mr.  Capel  Lloff"t,  on  the  6th  June,  1M8,  at  11, 
A.  M.,  saw  a  body  passing  over  the  sun's  disc, 
which  appears  to  have  been  a  comet.  It  was 
likewise  seen  on  the  same  day  by  Mr.  Acton,  al 
2h.  30',  considerably  advanced  beyond  the  point  in 
whicli  it  was  seen  at  11,  a.  m.,  and  its  progress 
over  the  disc  seems  to  have  exceeded  that  of  V' enus 
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fn  transit.  These  observations  seem  evidently 
to  indicate  that  some  comets  at  least  have  niiclt'i 
composed  of  solid  and  opaque  materials.  From 
•ill  tlie  observations  in  relation  to  tiiis  point,  col- 
lected by  M.  Arago,  he  deduces  the  lollowiiig 
conclusions  :  1.  That  there  exist  some  comets 
destitute  of  the  nucleus.  2.  That  there  are  other 
cornels,  the  nuclei  of  which  are  transparent.  3. 
That  there  are  also  comets,  which  are  more  bril- 
liant than  the  planets,  the  nuclei  of  which  are 
probably  solid  and  opaque. 

In  resfiect  to  the  tail,  or  luminous  train  wliich 
generally  accompanies  comets,  it  is  found  thit  it 
is  (generally  hi  opposition  to  the  sun,  or  on  the 
prolongation  of  the  line  Vi'hich  would  join  the 
sun  and  the  nucleus.  But  this  is  not  always  the 
case.  Sometimes  the  direction  of  the  tail  has 
been  found  at  riglit  angles  with  this  line;  'and  in 
some  extraordinary  instances,  the  tails  of  comets 
have  been  observed  to  point  directly  toward  the 
Bun.     This  was  the  case  with   a   comet   that  ap- 

!)eared  in  1824,  which  for  about  eight  days  ex- 
libited  an  additional  luminous  train  in  opposition 
to  that  which  assumed  the  ordinary  direction. 
This  anomalous  tail,  according  to  Olbers,  was  7^ 
long,  while  the  oilier  was  only  3}:,°,  and  it  was 
bright  enough  to  be  seen  with  an  opera-glass.  In 
general,  however,  it  is  found  that  the  tail  inclines 
constantly  toward  the  region  last  quitted  by  the 
comet,  as  if  in  its  progress  through  an  ethereal 
medium,  the  matter  forming  it  experienced  more 
resistance  than  that  of  the  nucleus.  The  tail  is 
generally  enlarged  in  proportion  to  its  distance 
from  the  head  of  the  comet,  and  in  certain  cases 
it  is  divided  into  several  branches,  as  already  no- 
ticed of  the  comet  of  1807.  Some  have  supposed 
that  the  divided  tail  is  nothing  more  than  a  per- 
spective representation  of  the  sides  of  a  great  hol- 
low cone;  but  there  are  certain  observations  which 
seem  to  prove  that,  in  some  cases,  they  have  a 
separate  existence  as  independent  branches.  The 
most  remarkable  instance  of  a  divided  tail  was  in 
the  comet  of  1744.  On  the  Gth  and  7th  of  March, 
there  v/ere  six  brandies  in  the  tail,  each  of  them 
about  4"^  in  breadth,  and  from  31)°  to  40°  long. 
Their  edges  were  pretty  well  defined  and  tolerably 
bright;  their  middle  emitted  but  a  feeble  light, 
and  the  intervening  spaces  were  as  dark  as  the 
rest  of  the  firmament.  The  tails  of  cornets,  as 
already  noticed,  sometimes  cover  an  immense 
space  in  the  heavens.  The  comet  of  1680  had  a 
tail  which  extended  to  680,  that  of  1811  to  23°, 
and  that  of  17G9  to  97°  in  length;  so  that  some 
of  these  tails  must  have  reached  from  the  zenith 
to  the  horizon.  The  length  of  the  tail  of  the 
comet  of  IGbO,  estimated  in  miles,  was  112,7.")().- 
OOU;  that  of  1709,44,000,000;  and  that  of  1744, 
8,250,000  miles.  A  body  n^oving  at  the  rate  of 
20  miles  every  hour  would  not  pass  over  the  space 
occupied  by  the  tail  of  the  comet  of  1G80  in  less 
than  643  years.  It  has  been  supposed  by  some 
astronomers  that  certain  changes  in  the  appear- 
ance of  the  tails  of  comets  arise  from  the  rotation 
of  the  cometary  body;  as  some  comets  have  been 
supposed  to  rotate  about  an  axis  passing  through 
the  center  of  the  tail,  such  as  that  of  1825,  which 
was  concluded  from  certain  appearances,  to  per- 
form its  rotation  in  20  hours,  30  minutes. 

As  to  the  nature  of  the  immense  tails  of  comets, 
their  origin,  or  the  substances  of  which  they  are 
composed,  we  are  entirely  ignorant,  and  it  would 
be  wasting  time  to  enter  into  any  specula- 
tion on  this  subject,  as  nothing  could  be  pre- 
sented to  the  view  of  the  reader  but  vague  con- 
jectures, gratuitous  hypotheses,  and  unfounded 
theories. 


MISCELLANEOUS    REMARKS    ON    COAIETS. 


1.  Whether  comets  shine  ivith  their  ouui  native 
light,  or  derive  their  light  from  the  sua? — This  is  a 
question  about  which  there  have  been  different 
opinions,  and  at  the  present  moment  it  may  be 
considered  as  still  undetermined,  though  the  pro- 
bability is,  that  in  general,  they  derive  their  light 
from  the  same  source  as  the  jjlanets.  It  appears 
to  have  been  the  opinion  of  both  Schroeler  and 
Herschel,  that  the  comet  of  1811  shone  by  inhe- 
rent light;  and  the  rapid  vaiiutious  whicii  havo 
been  observed  in  the  brightness  of  the  nucleus, 
and  the  coruscations  of  the  tail,  are  considered 
by  some  as  inexplicable  on  any  other  hypothesis. 
It  is  likewise  supposed  that  certain  phenomena 
which  have  been  observed  in  the  case  of  faint  and 
rarefied  comets  tend  to  corroborate  the  same  po- 
sition. For  example,  Sir  J.  Herschel,  on  Septem- 
ber 23,  1832,  saw  a  small  group  of  stars  of  the 
IGth  and  17th  magnitude  tlirough  the  comet  of 
Biela.  Though  this  group  could  have  been  ef- 
faced by  the  most  tritliiig  fog,  yet  they  were  visi- 
ble tiirougii  a  thickness  of  more  than  50.000  miles 
of  cometary  matter;  and  therefore  it  is  supposed 
scarcely  credible  that  so  transparent  a  material, 
aliording  a  free  passage  to  the  light  of  such  mi- 
nute stars,  ft>uld  be  capable  of  arresting  and  re- 
flecting to  us  the  solar  rays.  On  the  otlier  hand, 
it  has  been  objected  to  this  opinion,  that  comets 
have  appeared  as  dark  spots  on  the  disc  of  the 
sun;  that  their  light  exhibits  traces  oi pularizaiion: 
and  tha.t  they  have  been  occasionally  observed  to 
exhiliit  phases.  M.  Arago  remarks,  that  "  on  the 
very  day  that  any  comet  shall  appear  with  a  dis- 
tinct phase,  f11  doubts  on  this  subject  will  have 
ceased."  But  it  is  considered  doubtful  whether 
any  decided  phase  has  yet  been  perceived,  although 
some  observers  were  led,  from  certain  phenomena 
to  infer  that  something  like  a  phase  was  presented 
to  their  view.  It  is  found  that  all  direct  light 
constantly  divides  itself  into  two  points  of  the 
same  intensity  when  it  traverses  a  crystal  pos- 
sessing the  power  of  double  refraction;  reflected 
light  gives,  on  the  contrary,  in  certain  portions 
of  the  crystal  through  which  it  is  made  to  pass, 
two  images  of  unequal  intensity,  provii!ed  the 
angle  of  reflection  is  not  90°;  in  otlier  words,  it 
is  polarized  in  the  act  of  reflection.  On  this  princi- 
ple, M.  Arago  pointed  out  a  photometrical  method 
of  determining  whether  comets  borrow  tlieir  light 
from  the  sun,  or  are  luminous  in  themselves.  On 
the  23d  of  October,  1835,  having  applied  his  new 
apparatus  to  the  observation  of  Halley's  conjet, 
he  immediately  saw  two  images  presenting  the 
complementary  colors,  one  of  them  red,  the  otlier 
green.  By  turning  the  instrument  lialf  round, 
the  red  image  became  green,  and  vice  versa.  He 
concluded  therefore  that  the  light  of  the  comi't, 
at  least  the  whole  of  it,  is  not  composed  of  rays 
possessing  the  property  of  direct  light,  but  con- 
sists of  that  whicli  is  polarized  or  reflected  specu- 
larly: that  is,  of  light  derived  from  the  sun.  These 
experiments  were  repeated  with  the  same  result 
by  three  other  observers  in  the  Observatory  of 
Paris. 

2.  It  appears  to  be  a  remarkable  fact  in  respect 
to  comets,  that  the  real  diameter  of  the  nebulosity 
increases  proportion  ably  as  the  comet  becojies  dis- 
tant from  the  sun.  Ilevelius  appears  to  havo 
been  the  first  who  made  this  observation;  but  it 
seems  to  have  been  overlooked,  and  even  aa 
opposite  position  maintained.  As  the  tails  of 
comets  increase  in  length  as  they  approach  their 
perihelia,  so  it  was  generally  considered  that  the 
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nebulosities  followed  the  same  law;  but  tbo  ob-  I  he  could  easily  disarrange  the  structure  of  our 
servations  wliich  have  lately  been  made  on  Bicla's  globe,  and  reduce  its  inhabitLints  either  to  misery 
comet  iiave  confirmed  the  observations  of  Heve-    or  to  complete  destruction;  and  that,  too,  without 


lius.  On  the  28lh  of  October,  1828,  this  comot 
was  found  to  be  nearly  three  times  further  from 
the  sun  than  on  the  24th  of  December,  or  in  the 
proportion  of  1.4617,  to  0.5419,  yet  in  October 
its  diameter  was  about  twenty-six  times  greater 
than  in  December,  or  in  the  proportion  of  79.4  to 
3.1;  that  is,  its  solid  contents  on  the  2Sth  of  Oc- 
tober were  16,800  times  greater  than  on  the  24lh 
of  December,  and  the  s)na.Uesi  size  of  the  comet 
corresponded  to  its  least  distance  from  the  sun. 
M.  Valz,  of  Nimes,  and  Sir  John  Herschel  have 
attempted  to  account  for  this  circumstance  on 
very  different  principles,  but  neither  liypothesis 
appears  to  be  satisfactory. 

3.   Whether  a  comet  may  ever  come  in  contact  with 


altering  a  single  physical  law  which  ni<w  operates 
throughout  the  universe. 

If  we  recognize  the  Scriptures  as  a  revelation 
from  God,  we  may  rest  assured  that  hd  dangef 
from  such  a  cause  can  happen  to  oui  \''orld  for 
ages  yet  to  come;  for  there  are  many  important 
predictions  contained  in  Revelation  w.iieh  have 
not  yet  received  their  accomplishment,  airl  must 
be  fulfilled  before  any  fatal  catastrophe  can  'lappen 
to  our  globe.  It  is  predicted  that  the  Jers  shall 
be  brought  into  the  Christian  church  "w.th  the 
fullness  of  the  Gentiles," — that  "  the  idols  of  the 
nations  shall  be  abolished," — that  "  watx  shall 
cease  to  the  ends  of  the  earth," — that  the  king- 
dom of  Messiali  shall  extend  overall  nati.ns, — 


the  earth,  and  produce  a  concussion? — As  comets  '  that  "  the  knowledge  of  Jehovah  shall  covir  the 


move  in  orbits  which  form  extremely  elongated 
ellipses;  as  they  move  in  all  imaginable  directions; 
as  they  traverse  almost  every  pari  of  the  solar 
system  in  returning  from  the  farthest  verge  of 


earth,  and  that  all  shall  know  him  from  th.i  least 
to  the  greatest," — that  "  the  earth  shall  yii'd  ita 
increase,"  and  its  desolate  wastes  be  cultivated 
and    inhabited, — that   moral    order  shall    prevail, 


their  excursions;  as  they  penetrate  within  the  |  and  "righteousness  and  praise  spring  forth  before 
interior  of  the  planetary  orbits — even  within  the  j  all  the  nations," — and  that  this  happy  era  of  the 
orbit  of  Mercury,  and  cross  the  orbits  of  the  earth,  I  world  shall  continue  during  a  lapse  of  ages, 
and  the  other  planets,  it  is  not  impossihle  that  a  J  These  events  have  not  yet  been  accomplished, 
comet  may  come  in  contact  with  our  globe.  An  though  at  the  present  moment  they  appear  either 
apprehension  of  such  an  event  produced  a  con-  in  a  state  of  commencement  or  of  progression; 
siderable  degree  of  alarm  on  the  continent  at  1  but  they  cannot  he  supposed  to  be  fully  realized 
different  periods,  particularly  in  1773  and  1832,  [  until  after  a  lapse  of  centuries.  The  believer  in 
as  formerly  stated.  But  when  we  consider  the  i  Divine  revelation,  therefore,  has  the  fullest  assu- 
immense  cubical  space  occu[)ied  by  the  planetary  !  ranee  that,  whatever  directions  comets  may  take 
system  in  which  the  comets  move,  and  compare    in  their  motions  toward  the  center  of  our  system, 


it  with  the  small  capacities  of  these  bodies;  and 
when,  we  take  into  view  certain  mathematical 
calculations  in  reference  to  the  subject,  the  pro- 
bability of  a  shock  from  a  comet  is  extremely 
sni.'dl.  "  Let  us  suppose,"  says  Arago,  "  a  comet 
of  which  we  only  know  that  at  its  perihelion  it  is 
nearer  the  sun  than  we  are,  and  that  its  diameter 
is  one-fourth  of  that  of  the  earth,  the  calculation 
of  probabilities  shows  that  of  281,000,000  of 
chances  there  is  only  one  unfavorable,  there  exists 
but  one  which  can  produce  a  collision  between 
the  two  bodies.  As  for  the  nebulosity,  in  its  most 
general  dimensions;  the  unfavorable  chances  will 
be  from  ten  to  twenty  in  the  same  number  of 
two  hundred  and  eighty-one  millions.  Admitting 
then,  for  a  moment,  that  the  comets  which  may 
strike  the  earth  with  their  nuclei  would  annihilate 


none  of  them  shall  be  permitted  to  impinge  upon 
our  globe,  or  to  effect  its  destruction,  for  at  least 
a  thousand  years  to  come,  or  until  the  above  and 
other  predictions  be  completely  accomplished. 

4.  Another  question  occurs  on  this  subject- 
namely,  whether  any  comets  have  ever  fallen  into 
the  sun? — It  was  the  opinion  of  Sir  Isaac  Newton 
that  one  purpose  for  which  comets  are  destined  is, 
to  recruit  the  sun  with  fresh  fuel,  and  repair  the 
great  consumption  of  his  light  by  the  streams 
continually  emitted  every  way  from  that  lumin- 
ary; and  that  such  comets  as  come  very  near  the 
sun  in  their  perihelions  meet  every  time  with  so 
much  resistance  from  his  atmosphere  as  to  abate 
tlieir  projectile  force;  by  the  constant  diminution 
of  which,  the  centripetal  power,  or  gravitation 
toward  the  sun,  would  be  so  increased  as  to  make 


the  whole  human  race,  then  the  danger  of  death  i  them  fall  into  his  body.     On  a  similar  princi()le. 


to  each  individual,  resulting  from  the  appearance 
of  an  vnknoron  comet,  would  be  exactly  equal  to 
theirisk  he  would  run  if  in  an  urn  there  was  only 
oiie  single  white  ball  of  a  total  number  of  281,- 
000,000  balls,  and  that  his  condemnation  to  death 
would  be  the  inevitable  consequence  of  the  white 
ball  being  produced  at  the  first  drawing." 

When  we  consider  that  a  Wise  and  Almighty 
Ruler  superintends  and  directs  the  movements  of 
iTll  the  great  bodies  in  the  universe,  and  the  erratic 
motions  of  comets  among  the  rest;  and  that  no 
event  can  befall  our  world  without  his  sovereign 
permission  and  appointment,  we  may  repose  our- 
selves in  perfect  security  that  no  catastrophe  from 
the  impulse  of  celestial  agents  shall  ever  take 
place  but  in  unison  with  his  will,  and  for  the 
accojnplishment  of  the  plans  of  his  universal 
providence.  At  the  same  time,  the  possibility  of 
a  shock  from  a  large  comet  shows  us  that  this 
earth  and  all  its  inhabitants  are  dependent  for 
their  present  existence  and  comforts  on  the  will 
of  an  Almighty  Agent,  "  in  whom  we  live,  and 
move,  and  have  our  being;"  and  that  we're  it 
conformable  to  his  allwise  and  eternal  designs 


Arago  supposes  that  the  comet  of  1680,  which 
approached  so  near  the  body  of  the  sun,  must 
have  passed  nearer  to  his  surface  at  that  time  than 
at  its  preceding  apparitions;  that  tlie  decrease  in 
the  dimensions  of  the  orbit  will  continue  on  each 
succeeding  return  to  its  point  of  perihelion;  and 
that  "it  will  terminate  its  career  by  falling  upon  the. 
sun."  But  he  acknowledges  that,  "from  our 
ignorance  of  the  densities  of  the  various  strata  of 
the  sun's  atmosphere,  of  that  of  the  comet  of 
1680,  and  of  the  time  of  its  revolution,  it  will  be 
impossible  to  calculate  after  how  many  ages  this 
extraordinary  event  is  to  happen;"  and  he  like- 
wise admits  that,  "  the  annals  of  astronomy  do 
not  afford  any  reason  to  suppose  the  previous 
occurrence  of  such  an  event  since  the  origin  of 
historical  record;"  so  that  we  have  no  direct 
evidence  that  such  an  event  has  ever  taken  place, 
or  that  it  ever  will.  We  know  too  little  of  the 
physical  constitution  of  the  sun,  and  of  the  nature 
of  comets,  to  be  able  to  assert  that  the  falling  of 
a  comet  into  the  sun  would  actually  recruit  the 
luminous  matter  of  which  bis  outer  surface  is 
composed;  for  we  have  reason  to  believe  that  there 
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Is  little  or  no  analogy  between  the  mode  in  which 
«ve  siipjil}^  our  fires  by  means  of  fagots,  and  that 
by  which  the  solai-  light  is  recruited  and  preserved 
in  its  pristine  vigor;  and  beside,  it  is  found  that 
bodies,  particularly  in  certain  electric  states,  may 
De  rend';red  luminous  without  the  addition  of  any 
{xtraneous  body  to  their  substances. 

OF   THE  INFLUENCE   OF   COMETS    ON   THE   EARTH. 

In  former  times  the  appearance  of  comets  was 
«upi)os('d  to  be  tlie  forerunner  of  wars,  revolu- 
tions, famine,  pestilence,  the  deaths  of  great  men, 
earthquakes,  inundations,  and  other  calamities. 
When  the  splendid  comet  of  1456  appeared  (sup- 
posed to  be  tiio,  same  as  Halley's  comet},  its  tail 
extended  at  one  time  over  more  than  60  degrees. 
Three  days  before  its  perihelion,  its  nucleus  was 
as  bright  as  a  lixed  star,  its  tail  of  the  color  of 
gold,  and  it  appears  to  have  exhibited  corusca- 
tions. Pope  Calixlus,  believing  it  to  be  at  once 
the  sign  and  instrument  of  Divine  wrath,  was  so 
frightened  at  its  appearance  that  he  ordered  public 
praj-ers  to  be  offered  up  in  every  town,  and  the 
bells  to  be  tolled  at  the  noon  of  each  day  to  warn 
the  peojtle  to  supplicate  the  mercy  of  Heaven. 
He  at  tiie  same  time  excommunicated  both  the 
comet  and  the  Turks,  whose  arms  had  lately 
proved  victorious  against  the  'Christians,  and  es- 
tablished the  custom,  which  still  exists  iu  Catholic 
countries,  of  ringing  the  church  bells  at  noon. 
In  modern  times,  certain  natural  effects  have  like- 
wise been  attributed  to  the  influence  of  comets; 
such  as  tempests,  hurricanes,  volcanic  eruptions, 
coid  or  hot  seasons,  overflowings  of  rivers,  fogs, 
dense  clouds  of  flies  or  locusts,  the  plague,  the 
dysentery,  the  cholera,  and  other  disorders. 

Mr.  T.  Forster,  a  respectable  writer  on  natural 
Ecience,  author  of  "  Researches  about  Atmospher- 
ical Plienoniena,"  &c.,  published  in  1829  a  work 
on  the  "Atmospherical  Causes  of  Epidemic  Dis- 
eases," in  which  he  maintains  that  the  most  un- 
healfhy  periods  are  those  during  which  some  great 
comet  has  been  seen;  that  the  appearance  of 
these  bodies  has  been  accompanied  by  earth- 
quakes, eruptions  of  volcanoes,  and  atmospheric 
commotions;  and  that  no  comet  has  been  seen 
during  seasons  cf  healthiness.  For  example,  in 
tiie  year  1665  a  comet  made  its  appearance,  and 
soon  after  its  disappearance,  the  city  of  London 
viras  ravaged  by  the  plague.  In  1680  one  of  the 
most  splendid  comets  which  have  been  observed 
in  modern  times  made  its  appearance.  The  atmo- 
spheric effect  produced  by  its  influence,  according 
to  Mr.  Forster,  was  "a  cold  winter,  followed  by  a 
dry  and  hot  summer,"  and  "meteors  in  Germany." 

As  the  influence  of  comets  on  our  globe  and  its 
atmosphere  (if  such  an  influence  exist)  must  have 
a  respect  to  the  whole  earth,  and  not  merely  to 
any  particular  portion  of  it,  we  might  ask  in 
reference  to  the  first  example,  why  did  not  the 
comet  of  16Go,  produce  a  similar  effect  in  Am- 
sterdam, Vienna,  Paris,  and  Madrid,  and  in  the 
principal  cities  of  Asia,  Africa,  and  America? 
But  of  such  effects  we  never  had  the  least  intima- 
tion. In  respect  to  the  second  example,  we  are 
warranted  to  inquire,  whether  the  cold  winter 
was  followed  by  a  hot  summer  in  every  other 
climate  of  the  earth?  whether  meteors  were  as 
coiniauti  l!i  other  countries  as  in  Germany?  and 
whether  the  comet  produced  opposite  effects,  at 
one  time  congealing  the  pools  and  rivers,  and  at 
another  scorching  the  earth  with  heat?  If  such 
questions  cannot  be  satisfactorily  answered,  we 
are  not  warranted  in  attributing  such  effects  to 
tae  mflusace  of  comets. 


We  err  egregiously,  in  this  as  well  as  in  many 
other  respects,  when  we  infer,  from  two  contem- 
poraneous events,  th;it  the  one  is  either  the  sign 
or  the  cause  of  the  other.  It  is  on  a  principle  of 
this  kind  that  some  persons  are  led  to  attribute 
the  events  to  which  we  have  alluded  to  the  influ- 
ence of  comets.  Because  an  inundation,  a  war, 
a  political  convulsion,  or  a  volcanic  eruption  haa 
taken  place  at  the  time  of  the  approach  of  a 
comet  to  this  part  of  our  system,  therefore  they 
conclude  that  there  must  be  a  certai'u  connection 
between  such  events,  and  that  the  one  is  the  cause, 
and  the  other  the  effect;  while  the  two  events,  in 
point  of  fact,  may  not  have  the  slightest  relation 
to  each  other,  except  tlieir  casual  occurrence  at 
the  same  period.  We  might,  on  the  same  groirnds, 
infer  that  the  rising  of  the  star  Sirius  along  with 
the  sun,  v/hich  announced  to  the  Egyptians  the 
rise  of  the  Nile,  was  the  cause  of  tlie  annual  over- 
flowing of  that  river.  Before  we  can  identify  any 
event  with  the  influence  of  a  comet,  we  must  not 
confine  our  views  to  an  event  or  two  in  our 
immediate .  neighbc-rhood,  but  must  endeavor  to 
ascertain  whether  similar  events  or  phenomena 
have  happened  on  every  part  of  the  earth  at  the 
same  period.  As  comets,  either  large  or  small, 
either  visible  to  the  naked  eye  or  through  a  tele- 
scope, make  their  appearance  at  an  average  almost 
every  year,  and  as  epidemics,  political  commo- 
tions, earthquakes,  hurricanes  and  similar  events 
are  always  to  be  found  occurring  in  some  particular 
portions  of  the  globe,  we  should  never  be  at  a  loss 
for  a  physical  cause  to  account  for  everything  that 
happens  here  below,  if  comets  are  to  be  supposed 
to  have  such  an  influence  over  terrestriat  affairs. 
Whatever  takes  place  in  any  countrj"^  of  an 
uncommon  nature  might  then  be  attriimted  to  a 
comet  which  is  either  approaching  the  center  of 
our  system  or  receding  trotn  it. 

It  is  remarkable  that  the  announcement  of  a 
comet  has  generally  been  received  with  melan- 
choly anticipations,  and  the  effects  attributed  to 
its  influence  have  uniformly  been  of  a  calamitous 
nature.  But  why  should  it  not  be  the  precursor 
of  prosperous  events — of  peace,  plenty,  social 
tranquillity,  and  genial  seasons — as  well  as  of 
wars,  famines,  revolutions,  cold  winters,  and 
parched  summers?  It  seems  something  like  a 
reflection  on  the  general  benevolence  of  the  Deity 
to  imagine  that  he  has  created  such  avast  number 
of  bodies,  and  directed  their  course  tlirough  every 
part  of  the  planetary  regions,  chiefly  for  the  pur- 
pose of  "  shaking  from  their  horrid  hair  "  wars, 
famine,  and  pestilence;  for  if  they  produce  such 
effects  upon  the  earth,  we  might  with  equal  rea- 
son believe  that  they  produce  similar  effects  on 
the  other  planets  of  our  system  as  they  pass  along 
in  their  course  toward  the  sun;  and  this  would 
lead  us  to  infer  that  the  inhabitants  of  all  the 
planetary  orbs  are  liable  to  the  same  disasters 
and  calamities  as  the  inhabitants  of  the  earth;  a 
position  which  seems  scarcely  consistent  with  the 
boundless  benevolence  of  the  Divine  mind. 

But  although  I  do  not  admit  the  conclusions 
and  the  cometary  influences  to  which  I  have 
alluded,  I  am  far  from  asserting  that  comets  have 
no  influence  whatever  over  our  globe  or  its  sur- 
rounding atmosphere.  The  universe  is  one  great 
whole,  and  all  its  parts,  however  remote,  must  be 
supposed  to  have  a  certain  relation  to  one  another; 
and  they  may  produce  an  influence,  however 
small  and  imperceptible,  on  each  other  at  the 
greatest  distances.  The  remotest  star  perceptible 
to  the  eye  may  produce  a  certain  physical  influ- 
ence on  our  globe,  though  so  small  and  insensible 
as  to  be  beyond  the  limits  of  the  nicest  calcula- 
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tion;  and  therefore  comets  which  sometimes  ap- 
proach pretty  near  the  earth  may  produce  a  certain 
sensible  effect  upon  our  globe,  particularly  sliould 
a  portion  of  their  immense  tails  at  any  time  sweep 
along  the  higher  regions  of  our  atmosphere.  But 
what  special  influence  or  effects  they  may  pro- 
duce on  the  physical  economy  of  our  terrestrial 
system  it  is  impossible  for  us,  in  the  meantime, 
distinctly  to  ascertaiu,  from  our  ignorance  of  the 
constitution  of  those  mysterious  bodies,  and  of 
the  substances  of  which  they  are  composed. 
Wiiile  too  much  has  doubtless  been  attributed  to 
the  influence  of  comets,  it  would  be  verging  to  an 
opposite  extreme  to  maintain  that  the}"  can  pro- 
duce no  eff.'ct  at  all  on  our  earth  and  atmo- 
sphere. We  know  that  certain  celestial  bodies 
produce  a  powerful  influence  on  our  globe.  The 
meon,  in  conjunction  with  the  solar  influence, 
rules  the  ocean  and  perpetuates  the  regular  returns 
of  ebb  and  flow.  Its  light  not  only  clieers  our 
winter  nights,  but  produces  a  variety  of  other 
influences  both  on  the  human  constitution,  the 
atmosphere,  and  on  the  productions  of  the  earth; 
and  there  m-ay  be  many  effects  produced  by  its 
agency  with  which  vve  are  as  yet  unacquainted.* 
The  sun  hot  only  diffuses  light  over  every  region 
of  the  earth  for  the  purpose  of  vision,  but  rays  or 
emanations  invisible  to  our  sight  proceed  from 
his  body,  which  promote  evaporation,  the  growth 
of  vegetables,  and  the  various  degrees  of  temjjera- 
ture  which  prevail  throughout  the  globe.  These 
emanations  are  likewise  found  to  produce  certain 
chemical  effects,  to  dissolve  certain  combinations 
of  oxygen,  and  to  give  polarity  to  the  magnetic 
needle;. and  many  other  effects,  of  which  we  are 
ignorant,  may  afterward  be  found  to  proceed  from 
those  invisible  irradiations.  The  larger  planets, 
Jupiter  and  Saturn,  and  those  which  are  nearest 
to  us,  as  Venus  and  Mars,  may  likewise  produce 
certain  effects  on  our  globe,  both  in  virtue  of  their 
attractive  power  and  of  the  peculiar  nature  of 
the  reflected  rays  they  transmit  to  the  regions  we 
occupy. 

We  cannot  therefore  but  cohclude,  that  comets 
may  exert  a  peculiar  influence  on  our  terrestrial 
system  in  addition  to  that  of  other  celestial  bodies, 
and  different  from  it,  particularly  those  whose 
bulk  and  masses  are  considerable,  and  which  ap- 
proach nearest  to  the  earth.     Their  light,  whetlier 


•  It  is  stated  by  Mr.  Martin,  in  his  "  Description  of  the 
Western  Isles,"  that  "  peat  du;r  in  the  increase  of  the  moon 
continues  moist  and  never  burns  clear,  while  the  contrary  is 
observed  of  that  cut  in  the  decrease;  and  that  earthen  dykes 
thrown  up  in  the  latter  season  are  alone  found  to  possess 
stability."  It  is  also  stated  as  a  fact,  that  "  if  an  anima! 
fresh  killed  be  exposed  to  the  moon's  rays,  it  will  in  a  few 
hours  become  putrid,  while  another  animal,  only  a  few  feet 
distant,  protected  from  their  influence,  will  not  be  in  the 
least  affected;  that  fruits  exposed  to  moonlight  have  been 
■known  to  ripen  much  more  readily;  that  plants  bleached  in 
the  dark  recover  their  color  from  the  beams  of  a  full  moon; 
and  that  in  south  America,  trees  cut  at  the  full  moon  split 
almost  immediately,  as  if  torn  asunder  by  great  external 
force.  Fish  are  said  to  be  rapidly  decomposed  in  the  West 
Indies  when  taken  by  moonlight." — Webb's  jMS.  Treatise  on 
Comets.  Unless  such  alleged  facts  can  be  disproved,  we 
must  admit  that  the  moon  may  have  a  certain  influence  in 
such  cases,  though  we  may  he  nnable  to  explain  the  mode 
by  which  it  is  effected.  In  Game's  "  Letters  from  the 
East,"  vve  are  told,  that  "  the  eftect  of  the  moonlight  on  the 
eyes  in  eastern  countries  is  singularly  injurious.  The 
natives  tell  you  always  to  cover  your  eyes  when  you  sleep 
in  the  open  air.  The  moon  here  really  strikes  or  affects  the 
sight,  when  you  sleep  exposed  to  it,  much  more  than  the 
sun;  a  fact  of  which  I  had  a  very  unpleasant  proof  one 
night,  and  took  care  to  guard  against  it  afterward.  Indeed, 
the  sight  of  a  person  who  should  sleep  with  his  face  ex- 
posed to  the  moon  at  night  would  soon  be  utterly  impaired 
or  destroyed."  This  circumstance  strikingly  illustrates  the 
expression  of  the  Psalmist — "The  sun  shall  not  strike  or 
MiJte  thee  by  day,  nor  t/w.  moan  bu  night." _,         ^ 


native  or  reflected,  appears  to  be  peculiar,  and 
the  margin  of  their  immense  tails  may  occasion- 
ally graze  our  atmosphere  when  we  are  not  aware 
of  it,  and  may  produce  a  peculiar  effect  different 
from  that  produced  by  the  other  bodies  of  our 
system;  but  what  that  special  effect  is  has  not 
hitherto  been  determined;  for  the  mere  coinci- 
dences, of  certain  events  with  the  appearance  of 
comets  cannot  be  supposed  to  be  owing  to  their 
peculiar  influence,  unless  such  events  are  found 
uniformly  to  happen  on  the  apparition  of  a  comet, 
and  that  too  throughout  a  great  portion  of  the 
earth.  Tiiis  subject  is  worthy  of  some  attention; 
and  perhaps  future  observers,  by  more  accurate 
observations  than  have  hitherto  been  made,  may 
throw  some  light  on  an  influence  which,  on  the 
one  hand,  has  been  perhaps  too  rashly  set  aside, 
and  on  the  other,  carried  to  a  pitch  of  extravagance 
beyond  the  line  of  sober  reason  and  observation. 

Let  it  not  be  supposed  that,  in  admitting  that 
comets  may  have  an  influence  on  our  globe,  I 
mean  to  give  the  least  countenance  to  foolish 
superstitions,  or  to  the  absurdities  of  astrology, 
since  all  that  I  would  be  disposed  to  admit  in  the 
present  case  is  purely  a  physical  influence;  an 
influence  which  may  exist,  although  we  have  not 
yet  been  able  to  discriminate  its  specific  effects. 
The  most  eminent  philosophers  have  been  dis- 
posed to  admit  such  an  influence.  Sir  Isaac 
Newton  supposed  that  "the  atmospb.eres  and  tails 
of  comets  may  supply  the  planets  with  moisture, 
which  is  continually  wasting  by  the  growing  of 
vegetables  out  of  water  and  turning  into  earth;" 
and  that  from  the  same  source  may  be  derived 
"  the  purest  part  of  our  air,  wliich  is  requisite  for 
the  existence  of  living  beings."  These  opinions, 
indeed,  cannot  be  proved,  and  they  are  evidently 
untenable;  but  they  show  that  that  great  philoso- 
pher admitted  the  influence  of  comets.  M.  Arago, 
although  he  scouts  the  vulgar  idea  of  cometa 
being  the  cause  of  most  calamitous  events,  yet 
he  admits  that,  "  not  only  cometary  matter  may 
fall  into  our  atmosphere,  but  that  this  phenome- 
non is  of  a  nature  to  occur  frequently,  and  may 
possibly  produce  those  epidemic  diseases  which 
have  been  attributed  to  it." 

A  variety  of  questions  has  been  started  respect- 
ing cometary  action  and  influence,  beside  those 
to  which  we  have  now  alluded.  It  has  been  a 
question  whether  we  ought  to  have  recourse  to 
the  action  of  a  comet  to  account  for  the  riyor  of 
the  climate  of  North  America?  It  is  found  that  in 
the  northern  regions  of  America,  the  climate  in 
the  same  latitude  is  much  colder  than  in  Europe. 
To  account  for  this.  Dr.  Halley  supposed  that  a 
comet  had  formerly  struck  the  earth  obliquely, 
and  changed  the  position  of  its  axis  of  rotation. 
In  consequence  of  that  event,  the  North  Pole, 
which  had  been  originally  very  near  to  IIudson''s 
Bay,  was  changed  to  a  more  easterly  position; 
but  the  countries  which  it  abandoned  had  been 
so  long  a  time,  and  so  deeply  frozen,  that  ves- 
tiges still  remain  of  its  ancient  polar  rigor,  and 
that  a  long  series  of  years  would  be  required  for 
the  solar  action  to  impart  to  the  northern  parts 
of  the  new  continent  the  climate  of  their  present 
geographical  position.  But  we  have  no  proof 
that  a  comet  has  ever  struck  the  earth,  or  that  its 
concussion  would  have  the  effect  to  change  the 
direction  of  the  terrestrial  axis.  Beside,  it  is  well 
known  that  the  Asiatic  coast  is  equally  cold  in 
the  same  latitudes  as  the  Atlantic  shores  of  North 
America. 

It  has  likewise  been  a  subject  of  inquiry 
whether  the  depression  of  the  soil  of  a  great  part  of 
Asia  has  been  produced  by  the  shock  of  a  coiaetj 
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and  tchffher  Siberia  ever  experienced  a  sudden 
change  by  a  similar  event?  This  latter  inquiry 
has  been  sugijested  by  the  circumstance  of  the 
bones  of  eit-phants,  rhinoceroses,  and  other  ani- 
mals peculiar  to  the  torrid  zone,  having  been 
found  imbedded  in  tiie  strata  of  that  country, 
which  has  led  to  the  supposition  that  Siberia  was, 
at  some  remote  period,  comprised  within  the  tro- 
pics. But  there  is  no  proof,  nor  even  probability, 
that  the  action  of  a  comet  was  concerned  in 
either  case.  It  has  also  been  suppoined  that  the 
small  planets,  V^esta,  Juno,  Ceres,  and  Pallas,  the 
supposed  fragments  of  a  large  planet,  may  have 
been  broken  to  pieces  by  the  shock  of  a  comet. 
The  circumstance  that  two  of  these  planets,  Ce- 
res and  Pallas,  are  encompassed  with  a!,  atmo- 
sphere of  great  density  and  elevation  has  been 
brought  forward  as  a  presum|)live  proof  of  the 
reality  of  such  a  concussion,  and  that  the  come- 
tary  atmosphere,  not  being  liable  to  destruction 
by  the  percussion,  was  imparted  to  these  planets. 
But  when  we  consider  the  very  small  density  of 
comets,  it  appears  not  at  all  probable  that  even  a 
di^^"ct  concussion  from  such  a  body  would  have 
produced  such  an  effect,  although  it  might  have 
caused  a  considerable  derangement  of  the  physi- 
cal constitution  of  the  planet.  Beside,  this  hy- 
pothesis does  not  account  for  the  remarkable  fact 
that  Vesta  and  Juno  exhibit  no  traces  of  an  at- 
mosphere which,  in  consistency  with  the  suppo- 
sition, ought  to  have  been  imparted  to  them  by 
the  comet,  as  well  as  to  Ceres  and  Pallas.  On 
the  whole,  we  have  no  direct  or  satisfactory  proofs 
that  comets  have  ever  come  in  direct  contact  with 
our  globe,  or  that  they  have  produced  any  consid- 
erable derangements  throughout  the  planetary 
system;  and  whatever  specific  influence  they  may 
produce  on  our  earth  and  atmosphere  must  be 
deduced  from  future  observations. 

OH    THE   INHABITABILITV    OF    COMETS. 

Some  philosophers  have  been  disposed  to  doubt 
whether  the  constitution  of  comets  be  at  all  fitted 
for  the  abode  of  rational  beings,  especially  when 
we  take  into  consideration  the  extremes  of  heat 
and  cold  to  which  they  would  be  subjected  in  their 
long  and  extensive  career.  Mr.  Whiston  supposed 
that  on  this  account  they  could  not  be  the  abodts 
of  happiness,  and  therefore  was  led  to  believe  that 
they  were  the  places  of  punishment  for  the 
wicked,  who  were  alternately  wheeled  into  re- 
gions of  intolerable  heat,  and  afterward  exposed 
to  all  the  rigors  of  the  most  intense  cold.  But 
when  we  consider  the  boundless  beneficence  of 
the  Divine  Being,  and  that  "  his  tender  mercies 
are  displayed  over  all  his  works,"  we  cannot  for 
a  moment  suppose  that  so  vast  a  number  of  these 
bodies  would  be  created  for  such  an  end.  The 
celebrated  Lambert,  on  the  other  hand,  considers 
comets  as  constituting  some  of  the  most  splendid 
regions  of  the  universe,  and  that  their  inlrabitants 
are  permitted  to  contemplate  the  scene  of  nature 
on  a  scale  of  grandeur  far  surpassing  that  which 
is  presented   to  the  population  of  the  planets. 

Many  of  the  comets  which  exhibit  no  signs  of 
a  nucleus  appear  to  be  composed  of  very  liglit, 
transparent,  and  gaseous  substances;  and  there- 
fore it  is  not  very  probable  that  such  bodies  are 
nhabited.  Comets  in  this  state  are  supposed  by 
some  philosopliers,  to  be  only  approaching  to  a 
state  of  consolidation.  But  as  to  those  which 
have  a  large  and  solid  nucleus,  there  appears  to  be 
no  physical  impossibility,  nor  even  improbability, 
»f  their  being  the  abodes  of  sentient  anu  intellec- 
tual beings,  as  well  as  the  other  moving  bodies 
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of  our  system.  The  extremes  of  heat  and  cold 
to  wliich  comets  are  supposed  to  be  subjected 
form  the  principal  argument  against  the  opinion 
that  these  bodies  are  inhabited.  But  in  reply  to 
such  an  objection  it  may  be  stated,  that  we  have 
no  proof  that  heat  or  cold  depend  altogether  on 
the  distance  of  a  body  from  the  sun,  but  most 
probably  on  certain  circumstances  connected  with 
the  constitution  of  the  body  itself.  Beside,  it  is 
a  fact,  that  in  the  heating  of  bodies  there  is  a 
certain  point,  beyond  which  their  temperature 
can  never  be  raised;  as,  for  instance,  in  the  case 
of  water,  which  cannot  be  heated  beyond  the 
point  of  212°  of  Fahrenheit's  thermometer;  and 
therefore  the  surface  of  a  comet  may  have  a  cer- 
tain point  beyond  which  its  temperature  can  never 
be  elevated,  even  at  its  nearest  approach  to  the 
sun.  "When,  by  any  means,"  says  Mr.  Milne, 
"the  density  of  bodies  is  made  to  change  by  a 
process,  whether  of  rarefaction,  on  the  one  hand, 
or  of  condensation  on  the  other,  they  are  always 
found  to  undergo  a  corresponding  diminution  or 
increase  of  temperature.  When,  therefore,  in 
the  approach  of  a  comet  to  the  sun,  all  the  parts 
of  its  nebulous  envelope  and  tail  which  in  the 
remoter  regions  of  its  course  had  been  gathered 
close  about  the  head,  become  expanded  and  attenu- 
ated, a  very  large  proportion  of  the  solar  heat, 
which  would  otherwise  have  passed  into  the  nu- 
cleus, and  contributed  to  raise  its  temperature  to 
a  certain  point,  is  carried  off  by  the  envelope  and 
tail,  in  order  to  preserve  an  equilibrium  among 
the  several  parts."  Mr.  Milne  proves  that,  if  v/e 
assume  that  the  nebulous  matter  is  elevated  about 
30  times  its  former  hight,  the  diminution  of  den- 
sity corresponding  with  the  increase  of  volume 
will  amount  to  27,000,  and  that  a  quantity  of  cf*- 
loric  will  be  extracted  corresportding  to  1,215,000*5 
of  Fahrenheit.  He  further  shows  that,  "  wJien 
the  comet  retires  toward  its  aphelion,  where  the 
heat  of  the  sun  becomes  so  much  weakened  on 
account  of  the  distance,  the  condensation  of  the 
nebulous  matter  forming  the  tail  and  envelope 
serves  not  only  to  furnish  the  nucleus  with  con- 
tinual supplies  from  the  heat  acquired  at  the  peri- 
helion, but  even  to  render  the  warming  influence 
of  the  solar  rays  much  more  eSicacious  than  at  a 
less  remote  part  of  the  comet's  orbit."* 

The  extremes  of  heat  and  cold,  therefore,  in 
comets  may  not  be  so  great  as  at  first  view  we 
should  be  apt  to  imagine,  and  their  constitution 
may  be  such  as  is  not  incompatible  with  the  idea 
that  they  are  inhabited  by  animated  beings.  We 
are  not,  however,  to  suppose  that  the  constitution 
of  beings  like  man  would  be  adapted  to  the  cir- 
cumstances and  changes  to  which  comets  are  sub- 
jected, nor  is  such  a  supposition  necessary  in  or- 
der to  prove  their  inhabitability.  For  in  the  case 
of  all  worlds  and  beings,  we  must  necessarily  ad-, 
mit  that  the  Creator  has  adapted  the  constitution 
of  the  inhabitants  to  the  nature  of  the  habitation. 
We  find  a  striking  variety  in  this  respect  in  the 
constitution  of  the  numerous  orders  of  sentient 
beings  that  people  the  globe  on  which  we  live; 
and  a  similar  variety  doubtless  exists  in  the  pecu- 
liar constitutions  of  the  inhabitants  of  the  differ- 
ent planets,  and  of  all  the  worlds  in  the  universe. 
For  anything  we  can  prove  to  the  contrary,  some 
of  the  comets  may  be  the  abodes  of  greater  hap- 
piness than  is  to  be  found  in  our  sublunary  world, 
and  may  be  peopled  with  intelligences  of  a  higher 
order  tiian  the  race  of  man.  In  consequence  of 
the  extensive  regions  through  which  they  move 


•  Milne,  Prize  Essay  on  Comett,  Part  IV. 
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and  the  variety  of  objects  which  will  successively 
burst  upon  their  view,  their  prospects  of  the.  scenes 
of  the  universe  will  be  far  more  diversified  and 
expansive  than  those  of  the  inhabitants  of  the 
planets. 

At  one  period  they  will  behold  the  stupendous 
globe  of  the  sun  filling  a  great  portion  of  their 
celestial  hemisphere,  and  be  enabled  to  contem- 
plate the  august  and  splendid  operations  going  on 
upon  its  surface  and  in  its  luminous  atmosphere, 
a  spectacle  of  grandeur  which  must  be  beyond 
conception  sublime  and  overpowering.  At  another 
period  they  will  be  enabled  to  survey,  at  no  great 
distance,  the  phenomenon  and  economy  of  some 
of  the  planetary  worlds.  The  comet  of  1744 
passed  within  180  terrestrial  diameters,  or  1,440,- 
GOU  miles  of  the  earth's  surface,  at  which  time  its 
inhabitants  (if  any)  would  enjoy  an  interesting 
view  of  our  earth  and  moon,  with  their  diversitieJ 
motions,  and  the  general  aspect  of  their  surfaces. 
The  same  comet  twice  traversed  the  system  of 
Jupiter's  satellites,  when  the  magnificent  globe  of 
Jupiter  would  appear  at  least  300  times  larger  than 
the  moon  appears  to  us,  and  when  its  satellites 
would  likewise  present  a  very  large  and  splendid 
appearance.  From  such  a  position,  even  with 
eyes  such  as  ours,  assisted  by  telescopes,  all  the 
diversity  of  surface  of  this  huge  globe,  as  pre- 
sented in  its  diurnal  rotation,  with  the  chanffes  of 
its  belts,  and  the  peculiar  scenery  of  its  satellites, 
would  be  distinctly  perceived.  Above  all,  the 
system  of  Saturn  will  present  a  most  magnificent 
spectacle  to  the  inhabitants  of  a  comet  when  it 
passes  through  the  regions  in  its  immediate  vicin- 
ity. Its  expansive  rings,  filling  a  considerable 
portion  of  the  visible  firmament,  their  rapid  ro- 
tation round  the  planet,  the  vast  globe  of  Saturn 
itself,  and  the  numerous  satellites  which  accom- 
pany it,  in  all  their  different  phases  and  rapid  mo- 
tions, will  present  a  scene  at  once  diversified  and 
sublime.  To  the  inhabitants  of  comets,  many 
vast  bodies  within  the  range  of  our  system  may 
be  visible,  which  we  have  never  yet  discovered, 
and  which  may  never  be  perceptible  from  the  re- 
■  gion  we  occupy.  Traversing  vast  regions  of  space 
far  beyond  the  orbit  of  Uranus,  and  perhaps  ap- 
proaching to  the  nearest  stars,  worlds  may  be 
presented  to  their  view  of  which  we  have  no  con- 
ception, and  the  planets  which  revolve  around 
other  suns  may  be  distinguishable  in  the  remoter 
parts  of  their  course.  Enjoying  such  diversified 
and  extensive  prospects  of  the  operations  of  Om- 
nipotence, the  intellectual  beings  who  reside  on 
those  bodies  will  acquire  more  expansive  views 
than  the  inhabitants  of  the  earth  of  the  vast  scene 
of  nature  and  of  the  perfections  of  that  All  wise 
and  Almighty  Being  whose  power  brought  into 
existence,  and  whose  incessant  energy  sustains  in 
being,  all  the  worlds  in  the  universe. 

The  number  of  comets  is  supposed  by  some 
astronomers  to  amount  to  several  millions;  and  if 
so,  they  must  frequently  pass  near  each  other  in 
their  long  eccentric  courses,  and  consequently  the 
beings  connected  with  them  will  have  their  pros- 
pects of  other  worlds  wonderfully  diversified  and 
continually  expanding.  It  is  likewise  supposed 
that  comets  sometimes  extend  their  excursions  t» 
other  suns.  On  this  point  M.  Lambert  has  the 
following  remarks:  "  I  shall  suppose  that  a  globe 
in  our  system  begins  to  describe  a  parabola.  If 
this  curve  closes  and  returns  into  itself,  the  globe 
will  remain  with  us,  and  acquire  a  periodical  mo- 
tion round  the  sun.  If,  on  the  contrary,  it  ex- 
tends its  limits,  so  as  to  become  a  hyperbola,  the 
frlobe  will  recede  more  and  more  from  the  sun,  and 
save  us,  never  to  return.     Were  we  to  pursue  the 


fugitive  in  idea,  we  should  see  it  perhaps  at  tVie 
end  of  some  thousands  of  years  flit  along  the  fron- 
tiers of  our  system  and  dive  into  a  neighboring 
world.  The  central  body  of  this  world  would  then 
exercise  its  attraction  over  the  new  visitor,  and 
give  a  curvature  to  his  orbit.  From  that  moment 
one  of  two  things  would  happen.  Either  its  path 
would  change  into  an  ellipse,  in  which  case  its 
travels  would  be  at  an  end,  and  it  would  proceed 
to  make  regular  revolutions  round  the  dominant 
star  of  that  system;  or,  perhaps,  after  passing  its 
perihelion,  it  would  again  resume  its  hyperbolic 
progress,  and  a])proacliing  the  asymptote,  with- 
draw in  a  straight  line,  and  proceed  to  visit  other 
worlds.  Thus  we  can  conceive  comets  which,  be- 
ing attached  to  no  particiibir  system,  are  in  com- 
mon to  all,  and  wliiih,  roaming  from  one  world  to 
another,  muke  the  tour  of  the  universe.  I  ask 
why,  in  the  infinite  variety  which  the  Creator  ha? 
introduced  into  his  works,  such  globes  should  not 
have  a  place?  Their  destination  may  embrace  the 
wisest  purposes,  concerning  which  we  may  be  al- 
lowed to  speculate." 

This  celebrated  philosopher  concludes  his  re- 
marks on  comets  with  the  following  retlections, 
which,  although  somewhat  fanciful,  may  not  be 
unworthy  of  tiie  attention  of  the  reader: 

"  I  love  to  figure  to  myself  those  traveling 
globes,  peopled  with  astronomers,  who  are  station- 
ed there  for  the  express  purpose  of  contemplating 
nature  on  a  large,  as  we  contemplate  it  on  a  small 
scale.  Their  movable  observatory  cruising  from 
sun  to  sun,  carries  them  in  succession  through 
every  diflx'rent  point  of  view,  places  them  in  a 
situation  to  survey  all,  to  determine  the  position 
and  motion  of  each  star,  to  measure  the  orbits  of 
the  planets  and  comets  which  revolve  round  them, 
to  observe  how  particular,  are  resolved  into  general 
laws,  in  one  word,  to  get  acquainted  with  the 
whole  as  well  as  the  detail.  We  may  suppose  that 
their  year  is  measured  by  the  length  of  their  route 
from  one  sun  to  another.  Winter  falls  in  the 
middle  of  their  journey;  each  passage  of  a  peri- 
helion is  the  return  of  summer;  each  introduction 
to  a  new  world  is  the  revival  of  spring;  and  the 
period  of  quitting  it  is  the  beginning  of  their  au- 
tumn. The  place  of  their  abode  is  accommodated 
to  all  their  distances  from  the  fixed  stars,  and  the 
different  degrees  of  their  heat  make  the  fruits  and 
vegetables  designed  for  their  use  blossom  and 
ripen.  Happy  intelligences,  how  excellent  must 
be  the  frame  of  your  nature  !  Myriads  of  ages 
pass  away  with  you  like  so  many  days  with  the 
inhabitants  of  the  earth.  Our  largest  measure- 
ments are  your  infinitelj'  small  quantities;  our 
millions  the  elements  of  your  arithmetic;  we 
breathe  but  a  moment;  our  lot  is  error  and  death, 
yours  science  and  immortality.  All  this  is  agree- 
able to  the  analogy  of  the  works  of  creation.  The 
frame  of  the  universe  furnishes  matter  of  contem- 
plation as  a  whole  as  well  as  in  each  of  its  parts. 
There  is  not  a  point  that  does  not  merit  our  ob- 
servation; this  magnificent  fabric  is  portioned  out 
in  detached  parts  to  created  beings;  but  it  is  in 
the  unity  of  the  whole  that  sovereign  perfection 
shines;  and  can  we  suppose  that  this  whole  has 
no  observers?  The  imagination,  indeed,  after  so 
sublime  a  flight,  may  be  astonished  at  its  own  te- 
merity; but,  in  short,  here  the  cause  is  propor 
tioned  to  the  effect,  and  there  is  nothing  great  o 
small  in  immensity  and  eternity." 

ON    THE    MOTIONS    AND   ORBITS     OF   COMETS. 

When  a  comet  comes  within  the  limits  of  om 
view,  its  apparent  motion  is  from  east  to  west,  and 
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It  generally  appears  to  rise  and  set  like  most 
of  the  other  heavenly  bodies.  This  motion,  how- 
ever, like  that  of  the  diurnal  motion  of  the  sun 
and  jjlanets,  is  only  apparent,  and  urisos  from  the 
rotation  of  the  earth  upon  its  avis.  Beside  this 
apparent  motion,  it  has  a  real  and  proper  motion 
of  its  own,  by  which  it  is  continually  shifting  its 
place  in  the  heavens,  in  conformity  to  the  nature 
of  tlie  orbit  in  which  it  moves.  "  The  proper 
course  of  a  comet  may  be  found  by  observing' 
every  night  its  distance  from  two  fixed  stars 
whose  longitudes  and  latitudes  are  known;  or  by 
finding  its  altitude  when  in  the  same  azimuth  with 
two  known  fixed  stars;  or  by  noting  four  fixed 
stars  in  the  point  of  intersection  of  tlie  two  lines 
connecting  which  the  comet  is  found.  If  the  places 
of  the  comet  as  thus  observed  every  night,  be 
marked  on  the  celestial  globe,  a  line  drav/i)  through 
them  will  represent  the  comet's  path  among  the 
stars;  a  great  circle  drawn  through  three 
"distant  places  will  nearly  show  the  way  it 
has  to  go.  If  it  be  continued  until  it  inter- 
sect the  ecliptic, it  will  show  nearly  the  place 
of  the  node  and  the  inclination  of  the  orbit 
to  the  ecliptic*  There  is,  however,  a  prac- 
tical difficulty  which  perplexes  the  observer 
in  attempting  to  ascertain  the  true  form  of 
a  cometary  orbit.  A  comet  remains  so  short 
a  time  in  sight,  and  describes  so  small  a  part 
of  its  course  within  our  view,  that,  from  ob- 
servation alone,  without  the  assistance  of 
hypothesis,  we  should  not  be  able  to  deter- 
mine the  nature  of  its  path.  The  only  part 
of  the  course  of  a  comet  th.at  can  ever  be 
visible  is  a  portion  throughout  which  the 
ellipse,  the  parabola,  and  hyperbola,  so  close- 
ly resemble  each  other  that  no  observations 
can  be  obtained  with  sufficient  accuracy  to 
enable  us  to  distinguish  them.  Tl;e  hy- 
pothesis most  conformable  to  analogy  is, 
that  the  comet  moves  in  an  ellipse,  having 
the  Bun  ir.  jne  of  tlie  foci,  and  that  the  ra- 
dius vector  from  the  sun  to  the  comet  de- 
scribes areas  proportional  to  the  times,  ac- 
cording to  the  law  ot)served  by  tlie  planets. 
If  it  be  supposed  that  the  comet  describes  an 
ehipse  or  a  parabola,  in  conformity  to  the 
laws  of  Kepler,  then  from  three  geocentric 
places,  known  by  ob.servation,  the  orbit 
may  be  dflermined. 

The  orbits  of  the  plane'.s,  although  ellip- 
tical, approach  very  nearly  to  circles;  but 
tliose  of  comets  are  exlrevnely  eccentric, 
and  form  very  elongated  ellipses.  The  or- 
bit of  Halley's  comet  is  four  times  longer 
than  it  is  broad,  and  the  orbits  of  chose 
comets  whose  periodical  revolution  exceeds 
a  hundred  or  a  thousand  years  must  be  still 
more  elongated  and  eccentric,  i  ig.  82  re- 
presents the  orbit  of  Halley's  comet  nearly 
in  its  exact  proportions.  E  C  represents  the 
length  of  the  ellipsis  in  wJiich  it  performs  its 
revolution:  E  D,  the  orbit  of  the  earth,  some- 
what larger  than  it  ought  to  be  in  propor- 
tion to  the  comet's  orbit;  S,  the  sun  in  one  of  the 
foci  of  the  ellipse;  Sat.,  the  proportional  distance  of 
the  i)lanet  Saturn  from  the  sun ;  and  U,  the  propor- 
tional distance  of  Uranus.  The  orbit  of  this  comet 
extends  to  nearly  double  the  distance  of  Uranus. 
Fig.  83  represents  so  much  of  the  trajectory  of 
the  comet  of  1680  as  it  passed  through  while  vi- 
eible  to  the  inhabitants  of  our  globe,  as  delineated 
n  Newton's  "Princ/jwia."  It  shows  also  the  tail 
as  it  appeared  on  the  days  mentioned  in  the  figure. 

•  Dr.  O.  Gregory's  "  Treatise  on  Astronomy." 


Like  that  of  other  comets,  it  increased  in  length 
and  brightness  as  it  came  nearer  to  the  sun,  and 
grew  shorter  and  fainter  as  it  went  farther  from 
that  luminary  and  from  the  earth,  until  the  comet 
was  too  distant  to  be  visible.  This  comet  was  ob- 
served in  the  morning  from  November  4,  to  No- 
vemb. '25,  I6tf0,  in  its  descent  toward  its  perihelioa 

Fig.  82.  • 


at  P;  and  its  positions  on  the  17th,  21st,  and  2.5ih 
of  that  month  are  here  exhibited.  It  appears  to 
have  passed  its  perihelion  sometime  between  iha 
25th  of  November  and    the    12th   of   December 

Fig.  83. 


Its  positions  on  the  I2th,  and  21st,  and  29th  of 
December,  and  on  the  5th  and  25th  of  January, 
1681,  after  returning  from  its  perihelion,  as  seen  in 
theevening,  are  marked  in  the  figure.  The  orbit  of 
this  comet  must  be  extremely  elongated ,  as  its  ra  turn 
is  not  e.'cpected  for  more  than  400  years  to  come. 

;  Fig.  84,  taken  from  Arago's  "Scientific  No- 
tices of  Comets,"  exhibits  a  representation  of  the 

J  orbit  of  Biela's  comet,  with   the   relative  position 

I  of  the  orbit  to  the  earth.  It  shows  both  the  spacn 
and  the  position  it  occupies  in  the  solar  system, 

I  and  the  points  where  its  orbit  intersects  all   tti0 


134 


SIDEREAL   HEAVENS. 


Slane.'ary  orhiU  throncrh  which  it  passes.     It  ox-  '  fain,''  so  as  to   move  with  freedom  and  security 
ibits  its  coiir.-e  at  its  return  in  November,  lfS:i2,  ;  witiiin  the  cirnumfereiice  of  tlie  universe.    Henoe 
and  the  path  it  describes  until  its  subsequent  return  j  he  infer.",  that  the  most  perfect  plan  of  our  sys 


in  I8;j9.  From  this  figure  it  is  seen  tiiat  its  per 
heliou  lies  bcHween  the  orbits  of  the  earth  and 
Venus,  an!  that  its  aphelion  extends  bt-yonJ  tlie, 
orbit  of  Jiii)iter.  It  would  arrive  at  that  jjoiiit 
which  is  most  (list  int  IVom  tiie  earth,  in  thespriiiij 
of  1806,  and  will  pr^b  ihly  r-turn  to  it  in. January, 
]84."3.  The  nearest  ai)pro;ich  to  the  earth  of  tliia 
comet  was  51  millions  of  miles;  its  nearest  ap- 
proach to  thesun,  8:i  millions;  its  mean  dist'iiice 
from  the  sun,  or  half  the  longest  axis  of  i)s  orbit, 
337  Miiilions;  and  it  is  507  millions  of  mile-j  nearer 
the  suu  in  its  perihelion  than  ia  its  aphelion.     To 


Fig.  84. 

KBPRE92NTATI0N     OF  THE      ORBIT  OF  THE    COMET  OF   1832,  WITH 
THE    RELATIVE    POSITION   OF  THE    ORBIT  OF  THE    EARTH. 


be  able  to  calculate  and  predict  the  future  posi- 
tions and  appearances  of  such  a  body  evinces  an 
accuracy  of  observation,  and  a  degree  of  perfec- 
tion of  astronomical  calculus,  which  may  justly 
challenge  admiration,  and  which  should  lead  those 
who  are  unacquainted  with  the  minutiae  of  astro- 
nomy to  recei\e  With  confidence  the  results  which 
have  been  deduced  by  those  who  have  devoted 
themselves  to  celestial  investigations. 

SUPPOSED    NUMBER   OF   COMETS. 

.1 


pnnc 


It  is  hii !  down  as 
that  as  thfl  world  is  the  expression 
tionsof  God,  we  must  believe  that  all  the  heaven 


tern  will   be  that  into  which    enters  the    greatest 
g umber  of  orbits,  all  separated  from  one  another, 
and  which   in  no  one  point  intersects   the  other; 
and  that  the  orbits  of  cornets  correspond  to  this 
end  better  than  those   of  the   planets,  as  an   iin- 
menselv   greater  number  of  elliptic   or  cometary 
orbits  can  be  introduced  into  the  system  tlian  of 
those  which  are  circular.     On  the  ground  of  the 
number  of  comets  which  have  hitherto  b;>en  ob- 
served, and    on   certain   mathematical  considera- 
tions, he  instituted  calculations  wliich  led    to   the 
conclusion  that  "at  least  five  hundred  millions  of 
comets"    might    be    contained   witiiiii  the 
limits  of  the  solar  system.      On  tl)is  point, 
M.  Arago   reasons  in  the  following  man- 
ner:— The  number  of  cornets  really  known, 
whose  perihelion  distance  is  less  than  the 
radius  of  tlie  orbit  of  Mercury,  amounts  to 
thirty.     This  radius,  and  that  of  the  orbit 
if  Uranus,  are  in  the  ratio  of  1  to  49;  and 
'-  volumes   of   two  spheres   are    to  each 
..lier  as  the  cubes  of  their  radii.     If,  there- 
fore, we  adopt  the  hy[)0thesis  of  the  equal 
distribution  of  coinets  in  all  the  regions  of 
our  system,  and    calculate  the   number  of 
those  luminaries  whose  perihelious  are  in- 
cluded in  a  sphere  whose  radius  is  the  dis- 
i'.ce  of  Uranus  from  the  sun,  the  follow- 
'o  proposition  would  be  supplied  to  us: — 
As  the  cube  of  1  :  to  the  cube  of  41)  ;  :  so 
is  30  :  to  the  number  of  comets  sought; — 
or  thus,  13  :  493  :   :  30;    or,  1  :  117,G49  : 
:  30  :  3,529,470.     Thus  within  the  orbit  of 
Uranus,  the   solar  .system    should    contain 
more   than    three  millions  and    a   half  of 
comets;    or,   we    should    rather    find   the 
double  of  that  the  true   number,  when  we 
consider  that  in  this  calculation  the  term 
which    represents    the    number   of  comets 
contained  within  the  sphere  of  Mercury  is 
certainly  much  too  small,  and  that  it  ought 
to  be   conceded  that  the  light  of  day,  our 
clouded  skies,  and  a  too  southerly  declina- 
tion, removes  from  our  sight  not  fewer  than 
every  alternate  one  of  those  bodies.    Taking 
these     circumstances    into    consideration, 
there  shoulil,  on    the  same  hypothesis,  be 
seven  millions  of  comets. 

The  actual  number  of  comets,  however, 
which  have  been  observed  since  the  com- 
-^  mencement  of  the  Christian   era,  does  not 
""''  amount  to  above  seven  or  eight  hundred; 
but  when  we  consider  that  in  th"  earlier  ages 
of  astronomy,  and  likewise  in  more  recent 
periods  before  the  invention  of  the  telescope, 
only  large    and   conspicuous    comets  were 
noticed,  and  that  the  greater  number,  in  all  proba- 
bility, had  their  visible   courses  in   the  southern 
regions  of  the  heavens,  «id  of  whose  appearance 
we  have  no  records,  it  will    easily  be    conceived 
that  their  actual  number  must  amount  to  at  least 
manv  thousands.     Since  particular  attention   has 
been"  directed  to    the   astronomy  of  comets,   and 
since    the    number  of  observers    have    increased, 
scarcely  a  year  has  passed  without  the  observance 
of  one  or  two  of  these  bodies,  and  sometimes  even 
two  or  three  have  appeared  at  once.      In  the  year 
1825,  no  less  than  four  comets  made  their  appear- 
by  M.  Lambert,  '  ance  within  the  space  of  three  mouths.     The  first 
of  the   perfec-  ;  of  these  was  discovered   by  M.  Gambart,  at  Mar- 
■"    ■     ■  '  seiiles.  on  May  9,   in  the  head  of  Cassiopeia;  the 


ly  bodies  Hve  inhabited,  and   " that  universal  s/yocf  j  second  by   M.  Valtz,  at   Nismes,   on  .Tuly  13,  in 
is  replenished  with  as  many  ylobes  as  it  can  con-    Taurus;  the  tliird  by  M.  Pono,  at  Florence,  on 
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August  9,  in  Auriga;  the  fourtli,  or  Eiickp's  coin- 
et,  about  tlie  moiitiis  of  July  or  August.  JBut  it 
is  evideut  that  multitudes  must  escape  ;ill  observ:t- 
tion,  by  reason  of  their  [uitlis  traversing  only  ttiat 
portion  of  the  heavens  which  is  visible  in  the  day- 
time. 

The  number  of  comets  whose  paths  have  been 
particularly  observed  during  their  visible  course  is 
about  137.  Of  these  sixty-nine  moved  in  a  direct 
course,  or  according  to  the  order  of  the  signs,  as 
the  planets  do,  and  sixty-eight  in  a  retrograde  di- 
rection. As  to  the  distances  of  their  perihe/ioiis 
from  the  sun  and  the  earth,  thirty  were  found  to 
have  their  periiielions  between  the  orbit  of  Mer- 
cury and  the  sun;  forty-four,  between  the  orbits 
of  .Mercury  and  Venus;  thirty-four,  between  tiie 
orbits  of  Venns  and  the  earth;  twenty-three,  be- 
tween the  orbits  of  the  Earth  and  Mars;  six,  be- 
tween the  orbits  of  Mars  and  Jupiter.  Beyond 
the  orbit  of  Jupiter  no  comets  have  been  perceiv- 
ed; and  it  is  seldom  they  can  be  seen  beyond  the 
orbit  of  Mars.  As  to^Ae  inclittfition  of  their  orbits, 
nine  comets  have  been  observed  whose  orbits  in- 
cline to  the  ecliptic  from  0°  to  10°;  tliirteen,  from 
10°  to  20°;  ten,  from  20°  to  30°;  seventeen,  from 
30°  to  40°;  fourteen,  from  40°  to  50°;  twenty- 
three  from  50°  to  t){)°;  seventeen,  from  60°  to 
70°;  nine'teen,  from  70°  to  80°;  fifteen,  from  80° 
to  90°.  It  appears,  then,  that  these  137  comets 
had  their  orbits  inclined  in  almost  every  degree  to 
the  ecliptic;  and  it  is  probable  that  this  is  ttie  case 
with  all  the  other  comets  which  belong  to  the 
system. 

Although  comets  generally  emit  an  obscure 
light,  yet  soTue  have  been  seen  whose  splendor 
was  so  great  as  to  be  visible  in  daylight,  even  at 
Hoon,  and  wliile  the  sun  was  shining  in  all  its 
brightness.  Such,  it  is  said,  were  the  comets 
which  appeared  in  1402  and  1532,  and  that  which 
appeared  a  little  before  the  assassination  of  Cajsar, 
and  which  was  supposed,  after  that  event  happe  - 
ed,  to  have  been  an  omen  or  prelude  of  his  dealli. 
It  has  likewise  been  stated,  tliat  comets  have  ap- 
peared of  such  a  magnitude  as  to  have  eclipsed 
the  sun.  Seneca  relates  that  such  a  coincidence 
happened  sixty  years  before  Christ,  when  a  large 
comet  was  actually  observed  very  near  the  sun.* 
The  same  author  relates  that  a  comet  which  ap- 
peared in  the  time  of  the  Emperor  Nero  was  not 
inferior  in  apparent  magnitude  to  the  sun  him- 
self;t  and  the  comet  which  Hevelius  observed  in 
the  year  1652  did  not  seem  to  be  less  than  the 
moon,  though  it  was  deficient  in  splendor. 

Comets  traverse  all   parts  of  the  heavens;  and, 


The  tnotions  of  comets  when  ajiproaching  the 
sun  are  in  certain  cases  extremely  rapid.  "  Th» 
comet  which  was  observed  by  Hegioriioiitaiuis,  in 
1472,  was  said  to  have  passed  Ihrougli  4i.'  degrees 
of  a  great  circle  in  twenty-four  hours.  Bryi.'one, 
in  his  "Tour  through  Sicily,"  relates  tiial  ha 
observed  a  comet  at  Palermo,  in  June  and  July, 
1770,  which  moved  through  50  degrees  of  a  great 
circle  in  twenty-four  hours.  At  midnight,  on  the 
30th  of  June,  it  passed  the  zenith  of  Palermo  ( lati- 
tude 3b°  10'),  and  the  next  day.  July  1,  at  4ii  Uii- 
nutes  past  eight,  P.  m.,  it  passed  4  degrees  to  (he 
east  of  the  polar  star.  He  remarks  that,  "  sup- 
posing it  at  the  distance  of  the  sun,  at  this  rate  of 
traveling,  it  would  go  round  the  earth's  orlit  in 
less  than  a  week,  which  makes  about  eiglUy  mil- 
lions of  miles  a  day, — a  motion  that  vastly  sur- 
passes all  human  comprehension.  And  as  this 
motion  continues  to  be  greatly  accelerated,  what 
must  it  be  when  the  cornet  approaches  still  nearer 
to  the  body  of  the  sun  !"  It  is  probable,  however, 
that  the  comet  was  considerably  nearer  the  earth 
than  the  distance  of  the  sun;  but  still  the  velocity 
with  which  it  was  impelled  must  have  been  amuz- 
ingly  great. 

Such  is  a  brief  summary  of  the  most  remark- 
able facts,  interesting  to  the  general  readers,  which 
have  been  ascertained  in  relation  to  comets.  It  is 
to  be  hoi)ed  that,  in  the  progress  of  astronomical 
discovery,  some  additional  light  will  be  thrown  on 
the  nature  and  the  destination  of  those  mysterioua 
bodies,  whose  number  appears  so  far  to  surpass 
that  of  the  primary  and  secondary  planets  of  our 
system.  It  was  long  ago  predicted  by  Seiico:i,  a 
Roman  philosoi»her  who  lived  in  the  first  century 
of  the  Christian  era,  "  that  the  time  will  come 
when  the  nature  of  comets  and  their  magnitude 
will  be  demonstrated,  and  the  courses  they  take,  so 
difi'erent  from  those  of  the  planets;  and  that  pos- 
terity will  wonder  that  the  j)receding  ages  should 
be  ignorant  in  matters  so  plain  and  easy  to  ba 
known."  In  order  that  this  prediction  may  bo 
fully  realized,  it  is  requisite  that  we  should  "be- 
come acquainted  with  all  the  observations  that 
have  hitlierto  been  made,  and  the  facts  in  relation 
to  these  bodies  which  have  been  ascertained;  that 
we  should  compare  the  various  observations  with 
each  other,  and  attend  to  the  minutest  circumstan- 
ces and  phenomena  connected  with  comets;  that 
numerous  observers  should  be  appointed  to  survey 
different  portions  of  the  firmament,  both  in  the 
northern  and  southern  hemispheres,  that  no  comet 
that  comes  witliin  the  limits  of  our  vision  may 
pass  unobserved;  and  that  when  a  comet  of  large 
size  approaches  near  the  center  of  our  system, 
every  minute  particular  in  reference  to  its  motions, 
and  the  change?  which  take  place  in  its  nucleus. 


se  already  noticed,  their  orbits  have  every  possible 

inclination  to  the  plane  of  the  ecliptic.     They  are, 

however,  governed  in  their  motions  by  the  same 

physical  laws  which  regulate  the  motions  of  the    envelope,  and  tail,  be  carefully  observed  and  de 

planets.     Their  periodical  times  are  to  the  peri-    'ineatcd  by  accurate  representations. 

Whatever  opinions  we  may  adopt  as  to  the  phy- 
sical constitution  of  comets,  we  must  admit  that 
they  serve  some  grand  and  important  purpose  in 
the  economy  of  the  universe;  for  we  cannot  sup- 
pose that  the  Almighty  has  created  such  an  im- 
mense number  of  bodies,  and  set  them  in  rapid 
motion  according  to  established  laws,  without  an 
end  worthy  of  his  perfections,  and,  on  the  whole, 
beneficial  to  the  inhabitants  of  the  system  through 
which  they  move. 

They  display  the  wisdom  of  their  Creator  in  the 
arrangements  of  their  orbits  and  motixms.  As  we 
have  every  reason  to  conclude  that  at  least  tliou- 
sands  of  those  bodies  traverse  the  solar  system  in 
:dl  directions,  and  are  certain  that  their  orbits  are 
inclined  in  every  possible  degree  to  one  another, 
and  to  the  orbit  of  the  earth,  so  we  fiud  that  they 


planets.  1  lieir  pe 
o<iical  times  of  the  planets,  in  the  sesqniplicate 
ratio  of  their  principal  axes.  Comets,  therefore, 
being  for  the  most  part  beyond  the  planetary  re- 
gions, and  on  that  account  describing  orbits  with 
much  larger  major  axes  than  the  planets,  revolve 
more  slowly.  Thus,  if  the  major  axis  of  a  com- 
et's orbit  be  four  times  as  long  as  that  of  the  orbit 
of  Uranus,  the  time  of  the  comet's  period  would 
oe  to  that  of  the  planet  as  8 :  1 ;  its  periodic  time 
would  therefore  be  nearly  672  years ;  that  is, 
8  X  84  =  the  period  of  Uranus  =  672.  Although 
comets  move  with  great  rapidity  when  near  their 
perihelion,  yet  in  the  remote  parts  of  their  course 
their  motion  must  be  proportionally  slow. 

•  Sir  John  Herschel's  Astronomy. 
t  Dr.  O.  Gregory's  Astronomy. 
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have  been  so  admirably  arranged  by  Divine  Intel- 
ligence, that  no  one  of  them  interferes  with  an- 
other, or  with  the  courses  of  the  planets,  so  as  to 
produce  concussion  or  disorder.  The  orbits  of 
some  comets  indeed  are  found  to  approach  very 
near,  and  even  to  cross  the  orbit  of  the  earth  and 
the  orbits  of  several  other  planets,  and  conse- 
quently, there  is  a  possibility  that  a  comet  might 
come  into  concussion  with  our  globe;  and  this 
consideration  shows  us  that  we  are  dependent  for 
our  present  security  and  comforts  on  the  wise  ar- 
rangements of  the  Almighty,  in  securing  perfect 
harmony  and  order  amidst  apparent  danger  and 
confusion.  But  we  have  no  evidence  that  such  a 
catastrophe  has  ever  happened,  either  in  the  case 
of  the  earth  or  of  any  of  the  other  planets,  or  that 
one  comet  has  ever  impinged  upon  another.  Be- 
lieving that  every  object  and  event  in  the  universe 
js  arranged  and  directed  by  an  Omnipotent  Con- 
triver, we  must  admit  that  when  the  Almighty 
formed  the  wondrous  plan  of  creation,  "foresee- 
ing the  end  from  the  beginning,"  he  arranged  the 
periods  and  the  velocities  of  comets  in  such  a 
manner  that,  although  occasionally  crossing  the 
planetary  orbits,  they  should  not  pass  tiiese  orbits 
at  the  time  when  the  planets  were  in  their  imme- 
diate vicinity.  And  should  such  an  event  ever 
occur,  we  may  rest  assured  that  it  is  in  perfect 
accordance  with  the  plan  and  the  will  of  Omnipo- 
tence, and  that  it  is,  on  the  whole,  subservient  to 
tlie  happiness  and  order  of  the  iiiteliigent  universe, 
and  the  ends  intended  by  the  Divine  government. 
If  there  are  thousands  and  perhaps  millions  of 
comets  of  all  descriptions  traversing  every  part 
of  the  planetary  regions,  in  orbits  of  every  degree 
of  inclination,  of  extent,  and  of  eccentricity,  we 
are  sure  that  none  but  a  Being  of  infinite  power 
and  intelligence  could  have  arranged  such  a  vast 
and  complicated  system,  so  as  to  have  prevented 
numerous  interferences  and  disasters,  and  to  make 
the  whole  move  onward  for  ages  in  perfect  har- 
mony. 

The  system  of  comets  likewise  presents  to  us 
a  display  of  the  o/iinlpotence  and  grandeur  of  the 
Deity.  The  number  of  these  celestial  visitors,  the 
vast  magnitude  of  their  tails,  envelopes,  and  nu- 
clei, and  the  amazing  velocity  with  which  they 
wheel  their  courses  through  the  ethereal  regions, 
exhibit  before  us  objects  of  astonishing  grandeur, 
and  evince  the  Almighty  power  of  Him  who  at 
first  impelled  them  in  their  rapid  career.  The  di- 
ameter of  the  nucleus  of  the  comet  of  1807  was 
♦estimated  by  Scliroeter  at  4600  miles,  and  that  of 
its  coma  120,000  miles.  Beside  its  principal  tail, 
it  shot  forth  coruscations  to  the  extent  of  four 
millions,  six  hundred  thousand  miles.  The  nu- 
cleus of  the  comet  of  ISll  was,  according  to  the 
tame  observer,  50,000  miles  in  diameter,  its  coma 
or  envelope  947,000  miles,  and  its  tail  or  train  of 
light,  si;;ty  millions  of  miles  in  length,  or  more 
than  half  the  distance  between  the  earth  and  the 
8un.  Let  us  conceive  such  a  body,  like  tiie  comet 
of  1G80,  traversing  the  immense  spaces  of  creation 
with  the  velocity  of  ten  hundred  thousand  miles 
an  hour,  and  drawing  after  it  a  luminous  train,  a 
hundred  millions  of  miles  in  length,  approaching 
at  one  time  so  near  the  sun  that  his  circumference 
would  appear  to  fill  the  greater  part  of  the  firma- 
ment, and  then  rushing  back  through  the  depths 
of  immeasurable  space,  thousands  of  millions  of 
miles  beyond  the  orbit  of  Uranus,  and  displaying 
its  majestic  train  to  the  other  planetary  worlds  of 
our  system — and  we  have  presented  to  our  mental 
eye  an  object  of  peculiar  grandeur  and  magnifi- 
cence, different  from  everything  else  which  the 
planetary  system  exhibits,  and  which  displays  in 


an  eminent  degree  the  power  and  magnificence  of 
the  Great  Creator.  Were  such  a  body  to  sweep 
along  the  regions  which  lie  in  the  immediate 
vicinity  of  our  globe,  at  the  distance  of  ten  or 
twelve  thousand  miles,  nothing  that  we  have  ever 
beheld  or  can  well  conceive  could  be  compared  to 
the  majestic  grandeur  of  the  scene,  which  would 
overpower  the  mind  both  with  astonishment  and 
with  terror.  On  the  view  of  such  an  object, 
sweeping  along  with  such  velocity,  we  could 
scarcely  refrain  from  exclaiming,  in  the  language 
of  inspiration,  "Great  and  marvelous  are  thy 
works.  Lord  God  Almighty  !"  What,  then,  shall 
we  think  of  thousands  of  such  mysterious  orbs 
winding  their  flight  in  every  direction,  in  perfect 
regularity  and  order,  through  the  immensity  of 
space  !  Surely  these  are  the  wonderful  works  of 
Him  who  is  mighty  in  operation  and  perfect  iu 
knowledge. 

In  all  the  works  of  the  Deity,  we  must  likewiw 
admit  that  his  goodness  is  displayed,  although  wa 
may  not  be  able  to  trace  the  mode  of  its  commu- 
nication; for  we  may  lay  it  down  as  an  axiom, 
that  wherever  wisdom  and  omnipotence  are  exhib- 
ited throughout  tiie  Divine  economy,  there  is  also 
a  display  of  beneficence,  whicli  appears  to  be  one' 
prominent  design  of  all  the  works  of  God.  Comets 
have  long  been  considered  as  objects  of  terror, 
and  as  omens  of  impending  calamities;  but  thera 
can  be  no  question  that  they  are  as  intimately 
connected  with  a  system  of  benevolence  as  are 
the  solar  radiations  and  their  benign  influence  on 
our  globe  and  on  the  other  planets.  It  has  been 
conjectured  that  comets  may  supply  moisture  to 
the  planets,  and  invigorate  the  vital  principle  cf 
our  atmosphere;  tluit  they  may  recruit  the  sun 
with  fresh  fuel  and  repair  the  consumption  of  his 
light;  or  that  tl'.ey  may  be  the  agents  for  dispers- 
ing the  electric  fluid  throughout  the  planetary  re- 
gions; and  although  there  is  little  probability  that 
such  conjectures  are  accordant  with  fact,  yet  it 
may  be  admitted  that  comets  may  produce  a  phy- 
sical influence  of  a  beneficial  nature  throughout 
the  solar  system.  But  what  I  conceive  to  be  one 
of  the  main  designs  of  the  Creator  in  the  forma- 
tion of  such  a  vast  number  of  splendid  bodies  is, 
that  they  may  serve  as  habitations  for  myriads  of 
intellectual  beings,  to  whom  the  Almighty  bestows 
his  perfections  in  a  peculiar  manner,  and  on  wliora 
he  dis])lays  the  riches  of  his  beneficence.  What- 
ever may  be  tiie  intention  of  those  comets  which 
are  destitute  of  a  nucleus,  this,  in  all  probability, 
is  the  chief  design  of  those  which  are  large  and 
which  are  invested  with  a  solid  nucleus;  and  the 
saTiie  arguments  which  we  formerly  brought  for- 
ward to  prove  that  the  plaiiefs  are  inhabited  might 
be  ad.Iuced  in  proof  of  tiie  inhabitability  of  com- 
ets. If  this  position  be  admitted,  then  we  ought 
to  contemplate  the  approach  of  a  comet,  not  as  an 
object  of  terror  or  a  harbinger  of  evil,  but  as  a 
splendid  world,  of  a  different  construction  from 
ours,  conveying  millions  of  happy  beings  to  sur- 
vey a  new  region  of  the  Divine  empire,  to  con- 
template new  scenes  of  creating  power,  and  to 
celebrate  in  loftier  strains  the  wonders  of  Omnipo- 
tence.* \'iewing  the  comets  in  this  light,  what 
an  immense  population  must  be  contained  wilhia 
the  limits  of  the  solar  system,  which  gives  room 
for  the  excursions  of  such  a  vast  number  of  these 
bodies  I  and  what  an  incalculable  number  of  be- 
ings of  all  ranks  must  people  the  wide-extended 
universe ! 


*  The  most  complete  account  of  the  phenomena,  &c.  oi 
compts  I  have  seen  is  a  trenti«p  on  this  snhject  in  nmnn 
script,  by  the  Rev.  Thomas  W.  Weub,  of  Tretire,  nea'  Hoto. 
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GENERA^  APPEARANCE  OF  THE  STARRY   HEAVENS  AT  DIFFERENT  PERIODS 

OF  THE  YEAR. 


The  fnllowin^  descriptions  are  intended  to 
point  out  to  the  young  observer  the  principal 
stars  ami  constellations  in  the  beginning  of  every 
alternate  month  throughout  the  year,  and  the 
particular  quarter  of  the  heavens  where  they 
may  be  perceived.  The  time  of  observation  is 
supposed  to  be  nine  o''clock  in  the  evening,  except 
on  the  1st  of  July;  but  the  general  aspect  of  the 
lieavens,  and  the  relative  positions  of  the  different 
stars  and  constellations,  will  not  be  materially 
different  when  viewed  an  hour  before  or  after  the 
time  specified. 

ASPECT    OF   THE   HEAVEN3   ON   THE    IST  OF  JANUARY, 
AT  NINE    o'clock    IN  THE    EVENING. 

At  this  time  the  Pleiades,  or  Seven  Stars,  are 
nearly  on  the  meridian,  at  an  elevation  of  more 
than  GO  degrees  above  the  southern  horizon.  The 
bright  star  Aldeharan,  or  the  Bull's  Eye,  which  is 
of  a  ruddy  hue,  appears  to  the  left,  in  a  direction 
nearly  east  by  south,  at  the  distance  of  14°. 
About  15°  east-nortli-east  of  Aldebaran  is  a  bright 
star  of  the  second  magnitude,  marked  Beta,  or 


This  treatise  contains — 1.  A  copious  introduction,  embody- 
ing a  variety  of  interesting  general  remarks  in  relation  to  this 
•ubject.  2.  A  particular  account  of  the  comet  of  1807,  ac- 
cording to  the  observations  of  Sir  William  Hersehel.  ?,.  A 
description  of  the  same  comet  from  the  observations  of  Dr. 
Johan.  Hieronym.  Schroeter.  4.  An  account  of  the  great 
comet  of  ISll,  according  to  the  observations  of  Sir  W.  Her- 
sehel. 5.  A  particular  description  o(  the  phenomena  of  the 
same  comet,  according  to  the  observations  of  Schroeter.  6. 
A  description  of  the  second  comet  of  1811,  according  to  the 
observations  of  Sir  W.  Hersehel.  These  observations,  par- 
ticularly those  of  Schroeter,  contain  the  most  minute  de- 
•criptions  which  have  hitherto  been  given  of  the  phenomena 
of  this  class  of  the  celestial  bodies,  and  will  be  found  of  es- 
sential service,  not  only  to  amateur  observers,  but  to  as- 
tronomers of  every  description.  They  have  been  extracted 
end  arranged  chiefly  from  the  "Philosophical  Transactions," 
and  the  works  of  Schroeter,  which  were  published  in  the 
German  language.  The  Jlppciidiz,  or  Second  Part,  which 
occupies  nearly  half  the  volume,  comprises  a  lucid  investi- 
gation of  the  following  topics: — 1.  Comparison  of  observa- 
tions. 2.  Examination  of  hypotheses.  3.  Nature,  light, 
and  solidity  of  comets.  4.  Colors  of  Comets.  5.  Bright- 
ness of  Comets.  6.  Divided  tails  of  Comets.  7.  Corusca- 
tions of  Comets.  8.  Miscellaneous  notices  concerning  re- 
markable comets.  9.  On  the  influence  of  comets.  10. 
Losses  to  science,  containing  an  acconnt  of  the  disasters 
which  befell  Schroeter,  Hevelius,  &e.  11.  Hints  to  ama- 
teur observers.  This  volume  contains  2^0  quarto  pages,  be- 
side a  great  number  of  copious  notes,  and  forty-six  figures  of 
the  difierent  appearances  of  comets.  It  indicates  a  very 
great  dejree  of  labor  and  research,  which  the  astronomer 
alone  will  be  able  fully  to  appreciate.  The  author  appears 
to  have  consulted  most  of  the  works  which  have  been  pub- 
ished  on  the  subject,  in  the  English,  Latin,  French,  and 
German  languages,  beside  embodying  a  number  of  original 
observations  and  remarks.  And  what  is  not  among  the 
least  important  features  of  the  work,  the  author  takes  every 
proper  opportunity  of  introducing  such  moral  reflections  as 
he  subject  naturally  suggests,  and  of  directing  the  contem- 
plations of  his  readers  to  Him  who  sits  on  the  throne  of  the 
nniverse.  The  observations  of  Schroeter  contained  in  the 
preceding  pages,  have  been  extracted  from  this  volume.  It 
is  to  be  hoped  that  the  wortliv  author,  who  is  already  known 
to  a  considerable  portion  of  the  scientific  world  by  his  com- 
nuiuicatiuns  to  pciioili.'ni?  :iu.l  seienliii-:  I'ssoi  iaii:"n  •,  u'iil 
soon  recei\  e  encouragement  to  lay  this  work  before  the 
public. 


El-nath;  from  this  star  to  Zeta,  in  the  tip  of  the 
southern  horn  of  the  Bull,  is  about  8°  in  a  south- 
ern direction.  This  star  forms  a  right  angle  with 
Aldebaran  and  Beta.  North  of  Beta,  at  the  dis- 
tance of  17°,  is  the  bright  star  Capella,  in  the 
constellation  of  Auriga,  a  star  of  the  first  mag- 
nitude, which  appears  at  a  high  elevation  a  few 
degrees  south-east  of  the  zenith.  In  a  direction 
south-east  of  Aldebaran  and  the  Pleiades  is  the 
splendid  constellation  of  Orion.  Bellairix,.  on 
the  west  shoulder  of  Orion,  is  about  16°  south- 
east of  Aldebaran,  which  is  placed  in  the  middle 
of  the  line  which  connects  the  Pleiades  with  Bel- 
latrix;  these  three  objects  appearing  nearl)'  equi- 
distant in  a  line  N.  W.  and  S.  E.  of  each  other. 
Nearly  due  east  from  Bellatrix,  at  the  distance  of 
7J;'2°,  is  Betelguese,  a  star  of  the  first  magnitude 
in  the  east  shoulder  of  Orion.  About  15°  south 
by  west  of  Bellatrix  is  Rigel,  a  star  of  the  first 
magnitude  in  the  left  foot,  and  SKy^  to  the  east  is 
Saiph,  a  star  of  the  third  magnitude  in  the  right 
knee  of  Orion.  These  four  stars  in  the  form  of 
a  parallelogram,  with  the  three  bright  equidistant 
stars  called  the  Belt,  form  the  outlines  of  this 
constellation.  There  is  a  small  triangle  of  three 
small  stars  in  the  head  of  Orion  which  forma  a 
larger  triangle  with  Bellatrix  and  Betelguese,  the 
two  in  his  shoulders.  (See  fig.  of  Orion,  p.  26, 
and  Plate  I.) 

North-east  of  Betelguese,  at  the  distance  of 
14°,  is  the  star  Alhena,  or  y  Geminorum,  the  prin- 
cipal star  ill  tlie  feet  of  the  Twins;  and  about  2(P 
N.  E.,  nearly  in  the  same  right  line  from  Betel- 
guese, are  Caftor  and  Pollux,  Castor  being  the 
uppermost  and  the  brightest,  at  the  distance  of 
only  4'^2°  from  Pollux.  These  and  the  other 
stars  which  lie  adjacent  to  them  form  the  constel- 
lation Gemini,  one  of  the  signs  of  the  .Zodiac. 
The  small  stars  immediately  to  the  east  of  Gemini 
are  in  the  constellation  Cancer,  another  zodiacal 
constellation  through  which  the  sun  passes  in 
July  and  August.  In  this  constellation  is  a  nebu- 
lous cluster  of  very  small  stars,  called  Preesepi, 
which  may  be  distinguished  as  a  faint  cloudy 
speck  by  the  naked  eye.     (See  page  63  ) 

Immediately  below  Orion  are  the  constellations 
of  Lepus,  or  the  Hare,  and  Noah's  Dove,  which 
are  very  near  the  horizon.  South  by  east  of  Orion 
is  Canis  Major,  or  the  Greater  Dog,  which  is  dis- 
tinguished by  its  principal  star  Sirius,  the  brightest 
fixed  star  in  the  heavens.  It  is  nearly  straight 
south  of  Alhena,  in  the  feet  of  the  Twins,  at  35° 
distant,  and  south  by  east  of  Betelguese  at  the 
distance  of  27°.  A  line  drawn  through  the  three 
stars  in  the  belt  of  Orion,  and  prolonged,  meets 
Sirius  at  the  distance  of  23°.  About  ^}2^-'  west 
of  Sirius  is  Mirzam,  of  the  second  magnitude,  in 
the  foot  of  the  Dog.  Nearly  due  east  from  Orion, 
but  less  elevated  above  the  horizon,  is  Canis  Minor, 
or  the  Lesser  Dog.  The  center  of  this  small 
constellation  is  situated  about  5°  north  of  th<» 
equinociial,  and  midway  b-jtweon  Gtinini  anj 
Canis  Major.     It   is  distinguished   bv  the  brigh*. 
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star  named  Procyon,  which  signifies  "before  tlie 
Dog."  About  4'J  to  the  north-west  is  Gomelza, 
astar  of  the  third  inagiiitudo.  Procyon,  at  the  time 
•tipposed,  appears  iieuily  due  east  from  Betelguese, 
at  the  distance  of  about  26°.  The  liead  of  Hijdra 
lies  immediately  to  the  east  of  Procyon;  but  Alph- 
ard,  or  Cor  Hydrce,  t!ie  principal  star  of  this 
constellation,  is  not  risen  at  the  time  supposed. 
A  little  to  the  north  of  the  eastern  point  of  the 
compass,  and  at  a  very  small  elevation  above  the 
horizon,  is  Regulus,  astar  of  the  first  magfuitude, 
in  the  consteflation  Leo,  which  is  the  Jijik  sign, 
and  tne  sixth  constellation  of  the  zoihac. 

Turning  our  faces  toward  the  north-east,  Ursa 
Major,  or  the  Great  Bear,  is  the  most  striking 
constellation  that  meets  the  eye.  The  two  point- 
ers, Dubhe  and  Merak,  appear  uppermost,  and 
point  westward  to  the  Pole-star;  while  the  stars 
forming  the  tail  seem  to  hang  downward  from 
the  square  of  this  constellation.  As  the  night 
advances,  this  group  of  stars  rises  higher  in  the 
heavens,  until,  about  three  in  the  morning,  they 
approach  near  the  zenith.  Ursa  Minor,  or  the 
Lesser  Bear,  is  seen  below  the  pole,  tlie  square  of 
wliich  being  a  little  to  the  eastward  of  the  meri- 
dian. Directly  below  the  Great  Bear,  at  a  very 
small  elevation  above  the  horizon,  and  in  a  direc- 
tion N.  E.  by  N.,  is  Cor  Caroli,  a  star  of  the  second 
magnitude,  in  C^ara,  one  of  the  Greyhounds. 
North  by  east  of  Aldebaran,  at  the  distance  of 
30°,  is  tlie  briglit  star  Capella  in  Auriga. 

Directing  our  view  a  little  to  the  west  of  the 
meridian,  we  perceive  tlie  constellation  Aries, 
which  is  immediately  to  the  westward  of  the 
Pleiades,  and  nearly  at  the  same  altitude.  Above 
2000  years  ago,  in  the  days  of  Hipparchus,  tliis 
constellation  occupied  the  first  sign  in  the  zodiac, 
into  which  the  sun  entered  about  the  21st  of 
March,  but,  as  in  consequence  of  the  precession 
Bj  the  equinoxes  the  constellations  gain  about  50" 
on  the  equinox  every  year,  they  have  now  ad- 
vanced in  the  ecliptic  nearly  31  degrees  beyond 
it,  or  somewhat  more  than  a  whole  sign;  so  that 
tiie  constellation  Pisces  now  occupies  the  same 
place  in  the  zodiac  that  Aries  did  2000  years  ago, 
while  the  constellation  Aries  is  now  in  the  sign 
Taurus,  Taurus  in  Gemini,  &c.,  so  that  Ariys, 
though  the  Jirst  sign,  is  the  second  constellation 
of  the  Zodiac.  It  is  situated  next  east  of  F.sces, 
and  midway  between  the  Triangles  and  JSIusca 
on  the  north,  and  Cetus,  or  the  Whale  on  the 
south.  It  is  distinguished  by  two  bright  stars  in 
the  head,  distant  from  each  other  about  4°,  the 
brightest  being  a  little  to  the  east  or  north-east  of 
the  other,  being  about  2.'SO  west  of  the  Pleiades, 
and  19°  south  of  Almaack,  in  the  foot  of  Andro- 
meda. North  by  east  from  Aries  is  Musca,  or 
t!-.e  Fly,  which  consists  of  four  or  five  stars, 
chiefly  of  the  third  and  fourth  magnitudes,  very 
near  to  each  other.  It  is  situated  between  the 
first  star  of  Aries  and  the  Pleiades,  but  a  little 
higher  than  either.  North  by  east  from  the  Fiy, 
at  the  distance  of  about  15°,  and  at  20°  north  by 
west  of  the  Pleiades,  and  at  a  higher  elevation,  is 
the  head  of  Medusa,  the  principal  star  of  which 
is  Algol,  which  regularly  varies  in  its  luster. 
fSee  p.  41.)  West  by  north  from  Medusa  is  An- 
dromeda, one  of  the  principal  stars  of  wliich  is 
Almaack,  at  the  distance  of  12°  west  by  north 
of  Algol.  West  of  Almaack,  at  the  distance  of 
12°,  is  Mirach,  both  of  them  stars  of  the  second 
magnitude.  If  the  line  connecting  Almaack  and 
Mirach  be  prolonged  8°  farther  west  or  south- 
west, it  will  reach  Delta,  a  star  of  tho  third  mag- 
nitude, in  the  left  breast. 

West  from  Andromeda,  and  a  little  to  the  south, 


is  Pegasus,  or  the  Flying  Horse,  which  is  distin- 
guished from  the  other  constellations  by  four 
bright  stars  of  the  second  magnitude,  forming  a 
square,  which  is  generally  termed  the  square  of 
Pegasus.'  The  nortliernmost  star,  which  is  the 
brightest  of  three  that  form  a  kind  of  triangle,  is 
Sclieat,  whose  N.  declination  is  26'2°.  Murkab 
is  situated  l.'i°  south  of  Scheat,  and  at  the  lime 
supposed  is  nearly  due  west,  and  about  22°  above 
the  western  point  of  the  horizon.  These  two  stars 
form  tho  western  side  of  the  square.  F^ast  from 
Markab,  at  the  distance  of  16'v,°,  is  Algenib,  and 
14°  north  of  Algenib  is  Alpheratz;  which  two 
stars  form  the  eastern  side  of  the  square.  iScheat 
and  Alpheratz  form  the  northern,  and  Markab  and 
Algenib  the  southern  sides  of  the  square.  Alphe- 
ratz constitutes  a  part  of  the  head  of  Andromeda, 
but  it  is  also  considered  as  connected  with  Pega- 
sus. About  26°  north  of  Andromeda  is  Cassio- 
peia, midway  between  it  and  the  Pole-star.  It 
passes  the  meridian  nearly  in  the  zenith  about  the 
22d  of  November.  At  this  time  it  is  between 
20°  and  30°  west  of  the  meridian.  (See  pp.  16 
and  37.)  The  star  Caph,  in  this  constellation, 
along  with  Alpheratz  and  Algenib,  are  situated  on 
the  prime  meridian  which  passes  through  the  first 
point  of  Aries,  from  which  the  right  ascensions 
of  all  the  heavenly  bodies  are  measured.  The 
line  connecting  these  stars  forms  an  arc  of  the 
equinoctial  colure,  which  passes  through  the  vernal 
equinox,  and  across  which  the  sun  passes  on  the 
21st  of  March.  When  we  say  that  the  sun,  or  a 
star,  or  a  planet  is  in  so  many  degrees  of  right 
ascension,  we  mean  that  it  is  situated,  or  has 
moved  eastward  so  many  degrees  from  this  great 
circle.  North-west  of  Cassiopeia  is  Cepheus,  at 
the  distance  of  about  25°,  the  head  of  which  is  in 
the  Milky  Way,  and  may  be  known  by  three 
stars  of  the  fourth  magnitude  in  the  crown,  form- 
ing a  small  acute  triangle  about  9°  from  Aldera- 
min,  a  star  of  the  third  magnitude  in  the  left 
shoulder. 

Next  to  Cepheus,  on  the  west,  is  Cygnus,  or 
the  Swan;  the  principal  stars  of  which  are  dis- 
tinguished as  forming  the  figure  of  a  large  cross, 
the  upright  piece  of  which  lies  along  the  Milky 
Way.  The  most  brilliant  star  in  this  constella- 
tion is  Deneb  Cygni,  of  the  first  magnitude,  which 
is  at  this  time  in  a  direction  nearly  north-west» 
and  25°  above  the  horizon.  West  from  Deneb,  at 
the  distance  of  1(J°  or  11°,  is  Delta;  and  the  line 
prolonged  about  15°  farther  leads  to  the  bright 
star  Vega,  the  principal  star  in  Lyra,  which  is 
then  about  6°  above  the  horizon  in  a  direction 
north-west  by  north.  North  by  east  of  Lyra  is 
the  head  of  Draco,  distinguished  by  four  stars 
separated  from  each  other  by  intervals  of  3°,  4°, 
and  5°.  The  one  to  the  south,  or  nearest  Lyra, 
is  Etanim,  or  y  Draconis,  which  Dr.  Bradley  fixed 
upon  in  his  attempt  to  determine  the  annual 
parallax.  At  this  time  it  is  16°  above  the  horizon, 
in  a  direction  N.  N.  W.  About  4°  to  the  north 
of  it  is  Rastaben,  both  of  them  stars  of  the  second 
magnitude.  Turning  our  eyes  again  toward  tho 
southern  part  of  the  meridian,  we  behold  the 
head  of  Cetus,  or  the  Whale,  about  20°  S.  E.  of 
Aries,  and  about  24°  S.  by  W.  of  the  Pleiades.  It 
is  distinguished  by  five  stars,  4°  or  5°  asunder, 
which  form  a  figure  resembling  a  regular  ;)e)/?ayon. 
The  brightest  of  these  stars,  which  is  the  easti^rn- 
most,  and  of  the  second  magnitude,  is  Meiikar, 
which  makes  an  equilateral  triangle  with  Arictis 
and  the  Pleiades,  being  distant  from  each  about 
23i..<o.  About  14°  south-west  of  Menkar  is  Mira, 
or  tlie  Wonderful  Star,  which  is  found  to  vary  its 
apparent  size  from  a  star  of  the  second  or  third} 
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to  one  of  the  sixth  or  seventh  magiiitade.  (See 
p.  41.)  Noiili-west  of  the  head  of  Cetus,  and 
west  of  Aries,  is  tlie  consteliation  Fi^ccs,  or  the 
F'ishes,  one  of  the  signs  of  the  Zodiac,  in  which 
tliere  are  no  remarkable  stars,  most  of  them  being 
of  the  third,  fourth,  and  inferior  magnitudes. 

Sucii  is  the  geii^-ral  outline  of  tiie  heavens  as 
tJ>ey  appear  about  the  beginning  of  January. 

BENERAL  APPEARANCE  OF  THE  HEAVENS   ON   THE   IST 
OF  MARCH,  AT  NINE  o'CLOCK,  P.  M. 

At  this  period  of  the  year,  at  9  p.  m.,  se^ral  of 
tlie  constellations  which  were  seen  in  the  begin- 
ning of  January,  have  disappeared,  such  as  Pega- 
sus, Pisces,  and  otiiers.  Others,  which  are  still 
visible,  appear  in  other  quarters  of  the  heavens; 
and  some  jitars  and  constellations  which  were  then 
below  the  horizon  have  risen  to  a  considerable 
elevation  above  it.  Orion  is  now  in  the  south- 
west quarter  of  the  heavens;  the  Pleiades,  instead 
of  being  on  the  meridian,  are  due  west,  at  an 
elevation  of  34°  above  the  western  point  of  the 
horizon;  tiie  bright  star  Sirius  is  to  the  west  of 
the  meriiiian,  in  a  direction  S.  S.  W.;  Canis 
Minor  and  Procyon  are  a  few  degrees  to  the  west 
of  the  meridian;  Castor  and  Pollu.x,  direct!)'  north 
of  Procyon,  have  likewise  passed  the  meridian; 
Capella  is  seen  at  a  high  elevation,  30°  west  of 
the  zenith;  Menkar,  in  the  head  of  the  Whale, 
is  within  a  few  di^grees  of  the  western  horizon; 
Aries  is  likewise  near  the  western  horizon;  and 
Cassiopr-ia  is  in  a  north-westerly  direction,  and  at 
a  lower  altitude  than  in  January;  Deneb,  in  the 
Swan,  is  very  near  the  horizon,  a  little  to  the 
west  cpf  the  north  point;  V^ega,  in  the  Lyre,  is 
just  rising  at  a  short  distance  to  the  cast  of  it; 
the  head  of  Draco  is  in  a  N.  N.  E.  direction, 
about  1^°  above  the  horizon;  th '  Great  Bear  is  at 
a  higher  elevation  than  in  January,  and  the  Point- 
ers in  a  direction  N.  N.  E.;  and  Cor  Caroli 
appears  in  a  direction  east  by  north,  about  midway 
between  the  zenith  and  the  horizon. 

The  following  constellations,  among  others, 
now  appear,  which  were  under  the  horizon  in 
January: — Hydra,  the  largest  star  in  which  is 
Alphurd,  or  Cor  Hydrje.  It  is  at  this  time  in  a 
direction  S.  S.  E.,  about  28°  above  the  horizon. 
It  may  be  distinguished  from  this  circumstance, 
that  tliere  is  no  other  considerable  star  near  it. 
It  is  23°  S.  S.  W.  of  Regains.  The  constellation 
Leo,  which  was  only  partly  visible  in  January, 
now  ai)pears  in  its  splendor  toward  the  eastern 
part  of  the  sky  Regulus,  one  of  its  largest 
stars,  situated  within  half  a  degree  of  the  ecliptic, 
is  distinguished  as  being  the  largest  and  lowest 
of  a  group  of  five  or  six  stars  which  form  a  figure 
or  curve  somewhat  resembling  a  sickle.  East  of 
Regulns,  at  the  fiistance  of  2;")°,  is  Denebola,  in 
the  Lion's  tail,  which  appears  nearly  in  an  eastern 
direction  35°  above  the  horizon.  East  from  Leo 
is  the  constellation  \'irgo;  but  all  the  stars  con- 
nected with  if  liavo  not  at  this  time  risen  above 
the  horizon.  It  is  sitniit<>d  midway  between  Coma 
Berenices,  on  tho  north,  and  Corvus  on  the  south. 
Corna  Berenices,  which  consists  of  a  cluster  of 
small  stars,  is  in  a  direction  nearly  due  east,  and 
about  midway  between  the  zenitli  and  tlie  horizon. 
E^ast  by  north  of  this  cluster,  at  a  low  elevation, 
is  Bootes,  llie  principal  star  of  which  is  Arcturus, 
of  the  first  magnitude.  It  is  at  this  time  in  a 
direction  east  liy  north,  14°  above  the  horizon. 
Farther  to  the  north,  and  at  a  lower  elevation,  is 
Qirona  Borenlis,  or  the  Northern  Crown,  the 
piiiicipal  st.n-  in  which  is  called  Alphucm,  of  tlie 
ll^ird  magnitude,  and  11°  east  by  norlii  of  Mirac, 


or  t  Bootes,  'iliis  constellation  is  distingni.shed 
by  six  principal  stars,  which  are  so  placed  as  to 
form  a  circular  figure,  somewhat  resembling  a 
wreath  or  crown. 

GENERAL  APPEARANCE  OF  THE   HEA\'ENS   ON  THE  IsT 
OF  MAY,  AT  9,  P.  M. 

At  this  period  several  of  the  more  splendid 
constellations  which  adorn  our  nocturnal  sky 
during  winter  have  disappeared.  Orion  is  nearly 
hid  beneath  the  western  horizon,  and  only  tlie 
bright  star  Betelguese  can  be  faintly  seen,  as  it  is 
about  to  descend  below  the  western  point  of  the 
horizon.  Aries  has  completely  disappeared;  Caput 
Medusce,  Taurus,  the  Pleiades,  and  Aldebaran,  are 
just  verging  on  the  borders  of  the  north-western 
horizon,  and  are  scarcely  visible;  and  the  brilliant 
star  Sirius  has  completely  disappeared  from  the 
nocturnal  sky.  The  head  of  Hydra,  with  Al- 
phard,  its  principal  star,  are  in  a  south-westerly 
direction;  Canis  Minor  and  Procyon  are  in  a 
direction  W.  S.  W.,  considerably  to  the  west  of 
Alphard,  but  nearly  at  the  same  altitude.  North 
of  Procyon,  at  a  considerable  distance,  are  Castor 
and  Pollux,  about  midway  between  the  zenith 
and  the  western  point  of  the  horizon.  At  a  con- 
siderable distance  to  the  north-west  of  these  ia 
Capella,  considerably  nearer  the  north-western 
horizcHi  than  the  zenith.  Cassiopeia  appears  very 
low  in  altilude,  near  the  northern  quarter  of  the 
lieaveiis,  and  the  Great  Bear  appears  near  its  most 
elevated  position,  not  far  from  the  zenith,  the  two 
Pointers  poinling  nearly  directly  downward  toward 
the  Pole-star,  while  at  the  same  hour  in  November, 
they  point  almost  directly  upward.  Regulus  is 
about  22°  west  of  the  meridian,  at  a  considerable 
elevation;  Denebola,  in  the  same  constellation  (the 
Lion),  is  just  on  the  meridian,  at  a  little  higher 
altitude  than  Regulus.  Arcturus  is  seen  in  a 
direction  E.  S.  E.,  at  a  very  considerable  eleva- 
tion, and  26°  north-west  of  it  is  Cor  Caroli,  not 
very  far  from  the  zenith.  The  stars  in  the 
Nortlieni  Crown  appear  due  east,  midway  between 
the  zenith  and  the  horizon.  'I'he  brilliant  star  * 
LyriB  appears  near  the  north-east,  about  2'.i)i,o 
above  the  horizon.  The  Swan  is  near  the  N.  N. 
E.  quarter  of  the  sky,  and  one  of  its  principal 
stars,  Deneb,  is  about  14°  altove  the  horizon.  The 
principal  stars  in  Draco  appear  elevated  20°  above 
'-1  LyiiE,  and  nearly  in  the  same  direction. 

The  principal  constellations  which  were  for- 
merly invisible  are — the  south-eastern  portion  of 
Virgo,  Libra,  Taurus,  Poiiia!oti;ski,  Serpeniuriua, 
and  Hercules.  These  constellations  appear  near 
the  eastern  and  south-eastern  portions  of  the  sky. 
The  bright  star  of  the  first  magnitude,  Spica  Vir- 
ffinis,  which  was  below  the  horizon  in  March,  is 
now  elevated  24°,  and  may  be  seen  in  a  direction 
S.  S.  E.  It  is  35°  south-east  of  Denebola,  and 
about  the  same  distance  S.  S.  W.  of  Arcturus; 
three  stars  of  the  first  magnitude,  which  form  a 
large  equilateral  triimgle,  pointing  to  the  south. 
A  similar  triangle,  pointing  to  the  north,  is  formed 
by  Arcturus,  Denebola,  and  Cor  Caroli.  The 
principal  stir  in  Hercules  is  Ras  Algetfii;  and  Raa 
Alhaoue,  5°  from  it,  in  the  liead  of  Ophiuchus, 
may  be  seen  nearly  due  east,  at  a  small  elevation 
above  the  horizon,  Ras  Algetlii  being  the  bright- 
est and  the  highest.  Libra  is  situated  to  the  south 
of  the  Serpent,  and  to  the  east  of  Virgo.  Its  two 
brightest  stars  are  of  the  second  magnitude;  the 
one  is  named  Zubeveschainali,  21°  east  of  Spica 
Virginis,  ImU  at  a  much  lower  altitude;  the  other 
is  called  Zi'benelf/emabi,  about  y/i>°  above  the 
other  toward  the  north-east.    At  this  time  they 
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appear  in  the  south-east  quarter  of  the  heavens, 
at  no  great  elevation  above  the  horizoii.  The 
constellation  Serpens  lies  between  Corona  Borealis 
and  Libra.  Its  principal  star  is  of  the  second 
magnitude,  und  named  Unuk;  it  may  be  known 
by  being  nearly  in  the  middle  between  two  smaller 
stars,  the  lower  one  being  2j.2°,  and  the  upper 
5}-2°  from  it.  It  is  in  a  direction  E.  S.  E.,  at 
about  24°  above  the  horizon. 

ASPECT    OF  THE   HEAVENS    ON    THE    IST    OF   JULY,    AT 
10,    P.  M. 

As  the  twilight  at  this  season  is  too  strong  to 
admit  of  particular  observations  at  9  p.  m.,  I  have 
fixed  the  hour  of  ten  as  the  most  proper  time  for 
perceiving  the  principal  stars.  Most  of  the  south- 
ern constellations  wliich  were  visible  in  January, 
and  which  are  the  most  brilliant,  have  now  disap- 
peared, and  those  in  the  north  are  in  positions 
in  the  heavens  very  ditTarent  from  those  on  which 
thej'  appeared  in  winter.  The  Northern  Crown,  the 
Serpent,  and  Libra,  are  ni^w  to  the  west  of  the  me- 
ridian; Arcturus  is  now  considerably  to  the  west 
of  the  meridian,  but  at  a  high  elevation;  immediately 
below  which,  at  a  considerable  distance,  is  Spica 
Virginis,  very  near  the  S,W.  by  W.  point  of  the  hor- 
izon. Cor  Caroli  appears  north  by  west  of  Arcturus, 
at  a  considerable  distance,  and  at  a  high  altitude;  im- 
mediately below  which,  at  a  considerable  distance, 
and  nearly  due  west,  is  Denebola.  The  Great 
Bear  is  now  considerably  west  of  the  meridian, 
at  a  high  altitude,  the  two  pointers  pointing  east- 
ward to  the  Pole-star.  Castor  and  Pollux  have 
just  descended  below  the  horizon  near  the  north- 
west; and  Capella,  which  never  sets  in  this  lat- 
itude, is  very  near  the  north  point,  only  a  few 
degrees  above  the  horizon.  Cassiopeia  is  near  the 
north-eastern  quarter,  at  no  great  elevation,  and  a. 
LyrsB  is  at  a  very  high  altitude  to  the  east  of  the 
meridian;  east  of  which,  at  a  lower  altitude,  is 
Deneb,  one  of  the  principal  stars  in  the  Swan. 
The  four  stars  forming  the  square  of  Pegasus  are 
now  seen  a  little  to  the  north  of  the  E.  point,  in 
a  position  nearly  opposite  to  that  in  which  they 
appeared  in  Januarj'.  The  star  Antares,  in  Scor- 
pio, of  the  first  magnitude,  is  past  the  meriilian, 
at  an  altitude  of  only  about  11°.  Ras  Algethi 
and  Alhague  are  nearly  on  the  meridian. 

The  constellation  of  Aquila,  or  the  Eagle,  which 
was  formerly  invisible,  now  makes  its  appearance 
in  the  south-east.  Altair,  its  principal  star,  of 
between  the  first  and  second  magnitude,  is  dis- 
tinguished by  being  nearly  in  the  midale  between 
two  stars  of  the  third  magnitude,  each  of  them  2° 
distant  from  it  in  a  line  bearing  S.  E.  and  N.  W. 
Altair  is  at  this  time  about  37°  above  the  south- 
eastern horizon.  North-east  of  Aquila  is  the 
Dolphin,  at  the  distance  of  13°  or  14°.  It  is  a 
beautiful  little  cluster  of  stars,  consisting  of  about 
18  in  number,  including  five  of  the  third  magni- 
tude, but  none  larger,  wiiich  are  so  arranged  as  to 
form  the  figure  of  a  diamond,  poiuting  N.E.  and 
S.  W.  It  is  sometimes  known  by  the  name  of 
Jo6's  Coffin.  North  and  nortii-west  of  the  Dol- 
phin are  Sagitta,  and  Vulpecula  ei  Anser,  or  tiie 
Fox  and  Goose;  south  of  Aquila  is  Cafjricorntis, 
and  south-east  of  it,  Aquarius ;  but  these  last  are 
more  distinctly  seen  in  the  month  of  September. 
The  Milky  Way  runs  along  with  considerable 
brightness  in  the  neighborhood  of  Aquila,  Vulpe- 
cula, Delphinus,  and  Cygnus. 

ATPEAKJUiCES    OF    THE    SIDEREAL   HEAVENS     ON     THE 
IST   OF    SEPTEMBER,    AT   9,    P.M. 

At  tJiis  time  Altair  is  nearly  on  the  meridian  at 


an  altitude  of  46)^°,  and  Vega,  or  u  Lyroe,  is  about 
16°  we.st  of  the  meridian,  in  a  direction  north  bj 
west  from  Altair.  Ras  Algethi  and  Ras  Alhague 
are  west  from  Altair,  nearly  midway  between  tiiat 
Star  and  the  south-western  point  of  the  horizon. 
To  the  north-west  of  V^ega  is  the  head  of  Draco, 
at  the  distance  of  nearly  2U°.  Arcturus  is  in  a 
position  west  by  north,  within  19°  of  the  horizon. 
The  Northern  Crown  is  in  a  higher  elevation  than 
Arcturus,  nearly  due  west,  rather  nearer  the  hori- 
zon tiiiiu  the  zenith.  Cor  Caroli  appears  nearly 
N.  W.  by  W.  at  2:3°  of  altitude;  and  the  Great 
Bear,  in  a  north-westerly  direction,  and  at  a  lower 
altitude  than  formerly.  To  the  east  of  the  meri- 
dian Capella  is  seen  in  a  direction  nearly  N.  N .  E., 
at  an  altitude  of  15°.  East  of  Capella,  at  a  little 
lower  elevation,  is  Menkalina ,  or  Q  Aurigse,  a  star 
of  the  second  magnitude.  Cassiopeia  appears  ia 
the  north-east,  about  midway  between  the  zenith 
and  the  north-eastern  horizon.  The  Square  of 
Pegasus  is  in  a  direction  east  by  south,  and  is  in 
a  much  higher  elevation  than  in  July.  The  Dol- 
phin is  a  few  degrees  east  of  the  meridian,  and 
N.  E.  of  Altair,  at  an  altitude  of  above  50°.  Along 
the  southern  quarter  of  the  heavens  are  the  fol- 
lowing constellations: — Aries,  in  a  direction  east 
by  north;  Pisces,  due  east,  and  next  to  Aries  on 
the  west;  Aquarius,  to,  the  west  of  Pisces,  in  a  di- 
rection S.  S.  E.;  Capricornus,  west  from  Aquarius, 
nearly  in  the  south;  Sagittarius  and  Sobieski's 
Sliield,  in  a  south-westerly  direction,  and  Scorpio, 
which  lies  still  farther  to  the  west.  Most  of  these 
constellations,  except  Aries  and  Pisces,  are  at  a 
low  altitude. 

APPEARANCE    OF    THE    HEAVENS    ON    THE    IsT  OF   NO 
VEJJBER,    AT   9,    P.  M. 

About  this  time  the  winter  constellations  begin 
again  to  make  their  appearance  in  our  hemisphere 
1'lie  center  of  the  Square  of  Pegasus  is  at  this 
season  and  hour  nearly  on  the  meridian;  t!ie  stars 
Scheat  and  Markab,  of  which  Scheat  is  the  upper- 
most, appear  on  the  west  of  the  meridian,  and 
Alpheratz  and  Algenib  on  the  east.  Turning  our 
eyes  to  the  western  part  of  the  heavens,  we  see 
the  Southern  Fish,  a  little  to  the  west  of  the  south, 
and  its  principal  star,  Fomalliaut,  several  degrees 
to  the  west  of  the  meridian,  at  a  very  low  alti- 
tude. To  the  west  is  Capricornus,  and  to  the 
noith-west  Aquarius.  Aquila,  with  its  principal 
star  Altair,  is  in  a  direction  west  by  south,  at 
about  23°  above  the  horizon.  Deneb  Cygni  i«  at 
a  very  high  elevytion,  about  30°  degrees  west  from 
the  zenith,  and  --f-  J^yruB  26°  nortfi-west  of  it,  in  a 
direction  W.  N.  W.,  at  a  much  lower  elevation. 
North  by  west  of  Lyra  are  the  two  stars  in  the 
head  of  Draco,  Etanim  and  Rastaben,  about  4° 
apart.  Ras  Algethi  and  Ras  Alhague  are  nearly 
due  west,  at  a  very  small  elevation  above  the  hori- 
zon. The  center  of  tlie  Great  Bear  is  nearly  due 
north,  and  at  its  lowest  elevation,  the  stars  in  tlie 
tail  being  to  the  west,  and  the  two  pointers  a  little 
to  the  east  of  the  northern  part  of  the  meridian, 
pointing  upward.  Turning  our  view  to  the  east- 
ern quarter  of  the  sky,  we  behold  Aries  in  a 
soutii-easterly  direction,  next  to  Pegasus,  and  al 
a  pretty  high  elevation.  South  by  east  of  tha 
first  star  in  Aries  is  Menkar,  in  the  head  of  tha 
Whale,  in  a  direction  S.  E.  by  E.,  about  26°  abovs 
the  horizon.  North-west  of  the  first  star  in  Ariei 
is  Mirach,  and  north  by  east  Almaack,  at  a  highci 
elevation,  both  of  them  in  Andromeda.  Near  th< 
north  quarter  is  Capella,  about  midway  between 
the  zenith  and  the  horizon.  The  Pleiades  are 
seen  nearly  due  east,  followed  by  tlu  ruddy  slat 
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Alaeoaran,  at  a  lower  elevation.  Below  Aldeba- 
ran,  and  to  the  south-east,  the  liead  and  shoulders 
of  Orion  begin  to  make  their  appearance,  Bellatrix 
being  4°  or  5°  above  the  horizon,  and  Betelguese 
a  little  lower.  Cassiopeia  is  near  the  zenith,  a 
little  to  the  east  of  the  meridian,  and  Castor  and 
Pollu.x,  in  Gemini,  are  in  a  direction  north-east, 
just  a  little  above  the  horizon.  At  this  time  the 
equinoctial  colure  is  only  a  few  degrees  to  the  east 
of  the  meridian,  and  the  three  stars  Caph  in  Cas- 
siopeia, and  Alpkeratz  and  Algenib,  in  Pegasus, 
which  lie  in  the  line  of  its  curve,  may  now  be  dis- 
tinctly perceived.  Caph  is  at  the  highest  altitude 
of  the  three,  and  its  distance  from  Alpheratz  is 
about  double  the  distance  between  Alpheralz  and 
Algenib.  If  a  line  connecting  these  three  stars  be 
produced  northward,  it  will  terminate  in  the  pole. 


The  above  brief  sketches  may  enable  the  young 
observer  to  trace  the  principal  stars  and  constella- 
tions by  a  few  observations  at  different  seasons  of 
the  year.  The  altitudes  here  expressed  are  stated 
in  reference  to  places  about  52^  north  latitude; 
but  by  making  certain  allowances  corresponding 
to  the  latitude  of  the  observer,  the  relative  posi- 
tions of  the  stars  will  appear  nearly  the  same  as 
here  represented,  particularly  if  the  difference  of 
latitude  does  not  much  exceed  10  degrees.  It 
should  be  carefully  remarked  that  the  hearings  of 
one  star  from  another,  as  here  given,  are  strictly 
true  only  when  thestar  from  which  the  bearings  are 
given  is  on  or  near  the  meridian.    (See  note,  p.  70.) 

As  a  further  assistance  to  the  astronomical  tyro 
in  distinguishing  the  stars,  I  have  drawn  up  the 
following  list  of  stars,  chiefly  of  the  first  and 
second  magnitudes,  stating  the  periods  of  the  year 
when  tliey  come  to  the  meridian,  or  due  south, 
at  nine  o'' clock  in  the  evening. 

Caph,  in  Cassiopeia,  and  Alpheratz  and  Algenib, 
in  Pegasus,  come  to  the  meridian  on  tJie  UUh  of 
November,  at  nine  o'clock  in  the  evening.  Capb 
is  near  the  zenith,  and  the  other  two  at  a  consid- 
erably lower  elevation.  At  this  time  Capella  ap- 
pears toward  the  north-east;  the  Pleiades,  Aldeba- 
ran,  and  Orion,  in  the  east;  Deneb  in  Cygnus,  in 
the  north-west;  Lyra,  west-north-west;  and  Al- 
tair,  ill  Aquila,  west  by  south. 

Ariiiis,  or  the  first  star  of  Aries,  comes  to  the 
meridian  on  the  5th  of  December.  The  same  stars 
noticed  in  the  preceding  instance  are  still  visible, 
but  those  on  the  east  of  the  meridian  have  risen 
to  a  higher  altitud'3,  and  those  on  the  west  have 
descended  to  a  lower  elevation  than  on  Nov.  10. 
Castor  and  Pollux  are  at  this  time  seen  toward  the 
north-east,  and  Procyon,  a  very  little  above  the 
eastern  point  of  the  horizon. 

Menkar,  in  the  head  of  the  Whale,  arrives  at 
tlie  meridian  on  the  2\st  of  December,  and  at  the 
same  time  the  variable  star  Algol,  in  Medusa's 
head,  whicli  is  37°  due  north  of  Menkar.  '  Altair 
has  now  disappeared  from  the  west,  and  Sirius  is 
seen  at  a  small  elevation  in  the  south-east. 

The  Pleiades  pass  the  meridian  on  the  \st  of 
January,  and  Aldebaran  on  the  10th.  When  Al- 
debaran  is  due  south,  Capella  is  north  by  east  of 
It,  near  the  zenith;  Cor  Caroli,  at  a  low  altitude 
near  the  north-east;  Lyra,  near  the  horizon,  N. 
by  W.;  Regulus  in  the  east;  and  the  head  of 
Hydra,  east  by  south. 

Bellatrix,  in  Orion,  passes  the  meridian  on  the 
ilst  of  January.  Nearly  at  the  same  time  Ca- 
pella xnd  /3  Aurigas  are  on  tlie  meridian.  These 
flirefe  stars  are  nearly  equidistant  in  a  line  running 
Qorth  and  south. 


Castor  and  Pollux  and  Procyon.  These  threo 
stars  pass* the  meridian  nearly  at  the  same  time, 
on  the  24lh  of  February.  Pollux  and  Procyod 
culminate  nearly  at  the  same  instant,  and  Castor 
about  11  minutes  before  them,  at  which  time  Pro- 
cyon is  23°  south  of  Pollux.  Orion  is  then  in  a 
south-westerly  uirectiou;  Aldebaran,  midway  be- 
tween the  meridian  and  tlie  western  horizon; 
Menkar,  W.  by  S.,  at  a  small  elevation;  Sirius, 
S.  by  W.;  and  Capella  to  tlie  west  of  the  zenith 
On  the  east  of  the  meridian,  Regulus  is  S.  E.; 
Denebola,  E.;  Cor  Caroli,  E.  N.  E  ;  immediately 
below  which,  near  the  horizon,  is  Arcturus. 

Prcsepe,  in  Cancer,  a  small  cluster  of  stars  just 
perceptible  to  the  naked  eye,  like  a  nebula,  ap- 
proaches the  meridian  about  the  3J  of  Maich,  at 
an  altitude  of  about  60°.  They  are  N.  E.  of 
Procyon,  and  S.  E.  of  Pollux.      (See  pp.  6;i,  64.) 

Regulus,  in  Leo,  passes  the  meridian  on  the  6th 
of  April.  At  this  time,  Alphard,  in  Hydra,  is 
past  the  meridians,  by  E.  from  Regulus;  Procyon, 
S.  W.;  Sirius,  S.  W.  near  tlie  horizon;  Orion, 
very  low  in  the  west;  Algenib,  in  Perseus,  Algol, 
Capella,  &c.,  toward  the  N.  W.  On  the  east,  De- 
nebola appears  E.  from  Regulus;  Spica  Virginis, 
S.  E.,  at  a  low  altitude;  Cor  Caroli,  E.,  at  a  high 
altitude;  Corona  Borealis,  E.  by  N.;  and  Lyra,  a* 
a  low  altitude,  N.  E.  by  N.  The  Great  Bear,  at  3 
high  altitude,  approaching  the  zenith,  and  Cassio- 
peiu,  at  a  low  altitude  toward  the  north. 

Denebola,  in  Leo,  culminates  on  the  3d  of  May, 
at  an  altitude  of  43°.  Regulus  is  25°  west  of  it, 
and  Phad,  in  the  square  of  the  Great  Bear,  is  39*3 
N.  of  it.  It  forms  witli  these  two  a  large  riglit- 
aiigled  triangle,  the  right  angle  being  at  Denebola 
It  is  nearly  on  the  meridian  with  Phad.  Otiiei 
stars  then  visible  are  —  Procyon,  W.  by  S.;  Ca- 
pella, N.  W.;  Arcturus,  E.;  Spica  Virginis,  S.  S 
E.;  Lyra,  N.  E.,  &c. 

Coma  Berenices,  a  beautiful  cluster  of  small  stars, 
but  scarcely  distinguishable  by  moonlight,  is  on 
the  meridian  on  the  13th  of  May.      (See  p.  63.) 

Spica  Virginis  comes  to  the  meridian  on  tho 
23d  fff  May.  Stars  visible  on  the  west — Capella, 
Castor  and  Pollux,  ami  Procyon,  near  the  v.'estern 
point.  On  tlie  east — I,y;a,  Arcturus,  Ras  AIl'o- 
iiii,  Ras  Alhague,  and  Altair,  near  the  easlorn 
horizon.  Near  the  meridian,  to  the  werU — Cor 
Caroli,  Alioth  and  Mizar,  in  Ursa  Major. 

Arcturus  is  on  the  meridian  on  tae  23d  of  Junn. 
The  principal  stars  in  Libra  culminate  at  a  lower 
altitude  about  the  beginning  of  July. 

Corona  Borealis  is  on  the  meridian  about  the  1st 
of  July.  Its  principal  star  is  eleven  degrees  east 
of  i  Bootes. 

Aniares,  in  Scorpio,  passes  the  meridian  on  tlie 
10th  of  July,  at  a  very  low  altitude. 

A'ffS  Algtlhi,  in  Opliiuclius,  and  Ras  Aliiague, 
in  Hercules,  5°  apart,  culminate  about  the  2dtii 
of  July,  nearly  at  the  same  time  as  the  head  of 
Draco. 

Vega,  or  tt  Lyrce,  culminates  on  the  13th  of 
August.  To  the  west  of  it,  at  a  great  distance, 
is  Arcturus,  and  to  the  north-west.  Cor  Caroli. 
Capella  is  N.  by  E.,  at  a  low  altitude;  Altair,  S. 
S.  E.;  and  Deneb  Cygni,  E.,  at  a  high  altitude. 

Altair,  in  Aquila,  is  at  the  meriJian  about  th» 
30th  of  August,  at  an  altitude  of  about  463o°. 

Arid'd  or  Deneb  Cygni,  is  on  the  meridian  on 
the  16th  of  September,  at  an  altitude  of  f^2}.^o. 
At  this  time  Arcturus  is  W.  S.  W.,  near  the  ho- 
rizon; Lyra  and  Etanim,  in  Draco,  west  from  tho 
meridian,  but  in  a  high  elevation;  Cor  Caroli,  N. 
W.,  at  no  great  elevation;  Hercules,  S.  W.,  mid- 
way between  the  meridian  and  the  horizon;  Al- 
tair, a  little  distance  west  of  the  S.;  and  the  Doi- 
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phin  on  the  meridian;  the  square  of  Pegasus  in  a 
south-eastern  direction,  Aries  in  the  east,  and  Ca- 
pella  towurd  the  north-east. 

Ail  the  stars  specified  above,  at  the  periods  of 
the  year  stated,  pass  tiie  meridian  (or  culminate) 
at  nine  o^clock  in  the  evening.  Therefore,  if  at 
any  one  of  tlie  j)eriods  of  the  year  here  specified, 
or  a  few  days  hefore  or  aiter  it,  an  observer,  at 
nine  o'clock,  p.  m.,  observe  tlie  principal  star  or 
stars  near  the  meriuian,  lie  can  scarcely  he  at  a 
loss  to  recognize  them,  as  well  as  some  of  the 
other  principal  stars  and  constellations  on  the 
f>ast  and  west  of  the  meridian,  which  are  also  speci- 
fied in  the  above  descriptions.  A  person  can  never 
become  familiar  with  the  more  prominent  stars, 
the  relative  position  of  ihe  different  constellations, 
and  the  general  aspect  of  the  heavens,  without  ac- 
tual observations.  Even  the  delineations  on  the 
celestial  globe  will  not  convey  an  accurate  and 
impressive  conception  of  the  scenery  of  the  hea- 
vens, unless  the  study  of  these  delineations  be 
accom|)anied  with  frequent  surveys  of  the  hea- 
vens tliemselves.  It  is  hoped  the  preceding  de- 
Bcriptions  will  aiford  some  assistance  to  those 
young  observers  and  others  who  wish  to  con- 
template the  sublime  objects  of  creation  with  their 
own  eyes. 

N.  B.  In  the  above  and  the  following  descrip- 
tions of  celestial  phenomena,  altitude  signifies  the 
higbtof  the  star  or  planet  above  the  horizon;  S.  S. 
E,,  south-south-east;  N.  by  E.,  north-by-east,  &c. 
Decrees  are  marked  thus^, itiinntes',  seconds":  thus, 
54°  '2T  35",  expresses  fifty-four  degrees,  twenty 
seven  minutes  of  a  degree,  and  thirty-five  seconds. 
Every  degree  contains  bO  minutes,  every  min- 
ute 60  seconds,  &c.  When  a  heavenly  body  is 
aoid  to  culminate,  the  meaning  is,  that  it  has  ar- 
rived at  the  highest  point  of  its  course,  or  its  pas- 
sage over  the  meridian.  The  term  is  derived  from 
the  Latin  word  culmen,  the  top  or  summit.  An 
occultation  signifies  the  obscuration  of  a  star  or 
planet  by  the  interposition  of  the  moon,  or  of 
another  planet.  Conjunction  is  when  two  or  more 
stars  or  planets  are  in  the  same  part  of  the  hea- 
vens; and  opposition,  when  they  are  180°  asunder, 
or  in  opposite  parts  of  the  heavens. 


PHENOMENA    OF    THE    PLANETS    FOR 
THE  YEARS  J840  AND  1841. 

I.    POSITIONS,   ETC.    OF   THE  PLANETS  FOR    1840. 
I.   THE   PLANET     MERCURY. 

This  planet  can  be  distinctly  seen  by  the  na- 
ked eye  only  about  the  time  of  its  greatest  elon- 
gation; and  to  those  who  reside  in  high  northern 
latitudes  it  will  scarcely  be  visible  even  at  such 
periods,  if  it  be  near  the  utmost  point  of  its 
southern  declination. 

The  following  are  the  periods  of  its  greatest 
elongation  for  1840:  On  the  8th  of  January  it  is 
at  its  western  elongation,  when  it  is  23°  19'  west 
of  the  sun,  and  will  ha  seen  in  the  morning  near 
the  south-eastern  part  of  the  horizon;  but  as  it  is 
then  21°  45'  in  southern  declination,  a;id  this  de- 
clination every  day  on  the  increase,  its  position 
at  that  time  will  not  be  favorable  for  observation. 
Its  next  greatest  elongation  is  on  the  20th  of 
March,  when  it  will  be  18};^  degrees  east  of  the 
sun,  and  be  seen  in  the  evening  soon  after  sunset. 
This  will  form  one  of  the  most  favorable  oppor- 
tunities of  perceiving  this  planet  by  the  naked. 


eye,  or  by  means  of  a  small  opera-glass.  Its  de- 
clination being  above  nine  degrees  north,  and  on 
the  increase,  it  will  be  distinctly  seen  for  about 
ten  days — namely,  from  the  IGtIi  to  the  2Gth  of 
March,  a  little  to  the  north  of  the  western  point 
ol'  the  horizon,  not  far  from  the  point  at  which 
the  sun  sets  at  that  period.  On  the  5th  of  May, 
it  will  again  reach  its  greatest  western  elongation, 
when  it  will  be  se'en  in  the  morning  before  sun- 
rise. Its  declination  is  then  4fo  degrees  north, 
and  western  elongation  from  the  sun,  2G°  18'.  At 
this  period,  about  four  o'clock  in  the  morning,  it 
may  be  seen  for  more  than  three  weeks — namely, 
from  about  the  2()th  of  April  to  iIk-  25lh  of  May. 
Its  direction  will  be  nearly  due  east.  This  would 
form  the  most  favorable  opportunity  of  viewing 
this  planet,  were  it  not  that  the  strong  twilfghl 
at  this  season  has  a  tendency  to  overj)Ovver  its 
light. 

In  the  month  of  July,  if  the  long  twilight  d« 
not  prevent,  there  will  be  another  favorable  op- 
portunity of  inspecting  this  planet.  During  tho 
whole  of  this  month.  Mercury  will  be  at  a  con- 
siderable distance  from  the  sun;  but  the  best  time 
for  observation  will  be  from  the  middle  until  the 
end  of  the  month,  as  the  twilight  will  then  be  less 
intense.  It  arrives  at  the  point  of  its  greatest 
eastern  elongation  on  the  Ibtli,  v/hen  it  is  nearly 
27°  from  the  sun,  and  will  be  seen  in  the  evening 
a  little  to  the  north  of  tlie  western  point  of  the 
compass,  about  forty  minutes  after  sunset,  or 
nearly  nine  o'clock,  p.  m.  Its  next  greatest  west- 
ern elongation  will  be  on  the  Ist  of  Septembei, 
when  it  is  18°  5'  west  of  the  sun.  AttWs  period* 
it  may  be  seen  in  the  morning  before  five  o'clock, 
in  a  direction  nearly  east-by-north,  from  the  27th 
of  August  to  the  5th  of  September.  On  the  12th 
of  November,  it  is  at  its  next  eastern  elongation, 
when  it  will  be  seen  after  sunset  near  the  south- 
western point  of  the  horizon;  but  as  its  southern 
declination  is  at  this  time  about  25  degrees,  it  will 
descend  below  the  horizon  nearly  at  the  same  titno 
with  the  sun.  The  next  elongation  is  on  the  2l8t 
of  December,  when  it  is  21°  50'  west  of  the  sun, 
and  will  be  seen  in  the  morning  between  seven 
and  eight,  near  the  south-east  quarter  of  the  ho- 
rizon. 

The  periods  most  favorable  for  detecting  thi« 
planet  in  the  evenings  are,  March  20th  and  July 
18th;  and  in  the  mornings.  May  5th  and  Septem- 
ber 1st.  During  the  interval  of  a  week  or  ten 
driys,  both  before  and  after  the  time  of  its  greatest 
elongation,  and  sometimes  for  three  or  four  weeks 
in  succession,  when  in  high  nai'th  declination, 
this  planet  may  gener.illy  be  seen  in  a  clear  sky 
when  in  such  favorable  positions  as  those  now 
stated.  In  those  regions  of  the  globe  which  lie 
south  of  the  equator,  the  planet  will  be  in  the 
most  favorable  position  for  observation  when  in 
south  declination. 

II.     THE     P  L  A  .N  E  T     VENUS. 

This  planet,  like  Mercury,  is  seen  alternately, 
in  the  evening  toward  the  western  quarter  of  the 
heavens,  and  in  the  morning  toward  the  eastern 
quarter.  In  its  luster  it  exceeds  all  the  other stan 
and  planets,  and  its  brilliancy  is  such  that  it  can 
scarcely  be  mistaken  by  any  observer  when  it« 
position  in  the  heavens  is  pointed  out. 

Venus  will  be  seen  only  in  the  morning  from 
the  beginning  of  the  year  unlil  the  end  of  July. 
During  the  months  of  January,  Febrimry,  and 
March,  it  will  be  seen  before  sun-rise,  chiefly  in 
the  south-eastern  quarteroftiie  heavens.  Through- 
out April,  May,  June,  and  July,  it  will  be  scenin 


APPENDIX. 


143 


the  eastern  and  north-eastern  parts  of  the  heavens. 
During  the  vviiole  ol'  this  period,  it  will  appear, 
when  viewed  with  a  telescope,  either  as  a  half- 
moon  or  with  a  gibbous  phase.  Its  superior  con- 
junction with  the  sun  happens  on  the  morning 
of  the  2.Jtli  of  July,  after  which  it  becomes  an 
evening  sV'.y;  but  it  will  not  be  much  noticed  by 
common  observers  until  about  the  beginning  or 
midille  of  September,  on  account  of  its  pro.ximity 
to  the  sun.  From  this  period  it  will  continue  to 
be  seen  in  the  evening  chiefly  in  the  south-western 
part  of  the  skv,  at  a  low  elevation,  until  the  end 
of  the  year.  lu  the  whole,  this  planet  will  not 
be  Very  conspicuous  during  li^40,  either  to  the 
eye  of  a  common  observer  or  for  telescopic  obser- 
vation. From  tiie  bs  ginning  of  tieptember  to  the 
Mid  of  December,  it  will  exhibit  a  gibbous  phase, 
like  the  moon  about  three  or  four  days  before  the 
full. 

Venus  will  be  in  conjunction  with  Saturn  on 
tlie  22d  of  January,  at  2h.  8',  p.  m.,  when  it  will  be 
57'  north  of  S;iturn.  It  will  be  in  conjunction 
with  Mars  on  the  16th  of  June,  at  sixteen  min- 
utes past  three  in  the  morning,  when  Mars  will 
be  46'  north  of  \  enus;  and  it  will  be  in  conjunc- 
tion with  Jupiter  on  tlie  22d  of  October,  at  8h. 
34',  p.  M.,  when  it  will  be  1°  6'  south  of  that  planet. 

III.    THE     PLANET    MARS. 

This  planet  will  not  be  very  consijicuous  during 
this  year  on  account  of  its  great  distance  from 
the  earth,  and  its  proximity  to  that  part  of  the 
heavens  in  which  the  sun  appears.  It  is  in  con- 
junction with  the  sun  on  the  4th  of  May,  after 
which  it  will  be  a  considerable  lime  before  it 
becomes  conspicuous  to  the  unassisted  eye. — 
Throughout  the  months  of  August  and  September, 
and  the  latter  part  of  July,  it  will  be  seen  early 
in  the  morning,  before  sun-rise,  near  the  north- 
eastern quarter  of  the  heavens.  From  September 
until  the  end  of  the  year,  it  will  appear  somewhat 
more  conspicuous,  but  not  exceeding  in  apparent 
size  a  star  of  the  third  magnitude.  On  the  1st  of 
October  it  conies  to  the  meridian  at  six  minutes 
past  nine  in  the  morning,  at  an  altitude  of  52^3° 
above  the  southern  horizon.  On  the  first  of  Nov- 
ember, it  passes  the  meridian  at  fourteen  minutes 
past  eight  in  the  morning,  at  an  altitude  of  about 
46°;  and  on  the  1st  of  December,  it  transits  the 
meridian  at  nineteen  minutes  past  seven  in  the 
morning,  at  an  altitude  of  39^3°.  At  this  time 
(1st  of  December),  it  rises  nearly  due  east  about 
one  in  the  morning,  and  will  be  pretty  distinguish- 
able on  account  of  its  ruddy  aspect  about  an  hour 
before  sunrise. 

IV.  THE  PLANETS  VESTA,  JUMO,  CERES,  A.\D  PALLAS. 

These  planets  are  not  perceptible  by  the  naked 
eye.  The  best  time  for  observing  them  with 
telescopes  is  when  they  are  at  or  near  the  period 
of  opposition  to  the  sun,  when  they^  are  nearest 
the  earth.  Even  then  it  will  be  sometimes  diffi- 
cult to  detect  them  without  the  assistance  of 
transit  or  equatorial  instruments. 

Vesta  will  be  in  opposition  on  tlie  18th  of  May, 
when  it  will  pass  the  meridian  at  midnight,  at  an 
elevation  above  the  horizon  of  27°  '•^•i^-y-  Its 
right  ascension  is  then  15!i.  5r55}o",and  its  decli- 
nation, 10°  25i.s' south.  This  planet  will  be  in 
conjunction  with  -the  star  |  Libra;  on  the  first  of 
March,  at  twenty-seven  minutes  past  five  in  the 
morning,  the  star  being  55'  north  of  Vesta;  it  will 
likewise  be  in  conjunction  with  the  same  star  on 
the  15th  of  May,  at  noon,  when  the  star  will  be 


29'  south  of  the  planet.  On  the  19th  of  July,  at 
six  in  the  morning,  it  will  be  in  conjunction  with 
>l  Librai,  when  the  star  will  be  only  one  minute 
south  of  the  planet,  so  that  they  will  both  ajipear 
in  the  same  field  of  the  telescope.  On  the  2Gth 
of  August,  at  nineteen  minutes  past  eight,  a.  m.,  it 
will  be  in  conjunction  with  v  Scorpio,  when  the 
star  will  be  only  11'  south  of  Vesta.  On  Septem- 
ber 3d,  at  eight  in  the  evening,  it  will  be  in  con 
junction  with  4.  Ophiuchi,  tjie  star  11'  north  of 
the  planet.  On  the  2d  of  October,  at  half- past 
one  in  the  morning,  it  is  in  conjunction  with 
Saturn,  being  1°  2'  south  of  that  planet;  am:  on 
the  6th  of  December,  at  ten  minutes  past  one  in 
the  morning,  it  is  in  conjunction  with  Venus, 
Vesta  being  only  11'  north  of  Venus. 

Pallas  will  be  in  opposition   to  the  sun  on  the 
5th  of  July,   at.  thirty  minutes  past   nine  in    the 
evening.     Right  ascension,  18°  44'  52";  north  de- 
clination, 22°  11' 37".     It  will  pass  the  meridian 
about  midnight,  at  an  altitude  of  about  60°  H)^' 
I      Ceres  will   be  in  opposition  July  17ih,  at  six  in 
the   morning.     Right   ascension,  19°  54';    south 
declination,  30°  8'.     It  will,  pass   tlie  meridian  at 
an  elevation  somewhat  less  than  8°. 
j      Juno  will  not  be  in  opposition  to  the  sun  during 
I  1840. 

I  That  the  best  time  for  observing  these  bodies  is 
!  at  the  period  of  their  opposition  will  appear  from 
i  the  following  consideration: — that  tliey  are  between 
two  and  three  times  nearer  the  earth  at  the  time 
of  opposition  tlian  when  near  the  period  of  their 
conjunction  with  the  sun;  for  example,  V'esta  is 
225  millions  of  miles  distant  from  the  sun,  and 
consequently  only  130  millions  distant  from  the 
earth  at  the  time  of  opposition;  but  at  the  con- 
junction, it  is  the  whole  diameter  of  the  earth's 
orbit==190  millions  of  miles,  farther  distant, — that 
is  320  millions  of  miles,  which  is  a  distance  about 
two  and  a  half  times  greater  than  when  it  is  in 
opposition. 

v.    THE    PLANET     JUPITER. 

Duringthe  monthsof  January,  February, March, 
and  April,  this  planet  will  be  seen  chiel'iy  in  the 

i  morning.  About  the  beginning  of  February,  it 
will   rise  in  a  direction  south-east  by  east,  about 

;  half-past  one  in  the  morning,  and  will  come  to 
the  meridian  at  a  quarter  past  six  in  the  morning, 
at  an  elevation  of  about  22°  above  the  southern 
horizon.  On  the  1st  of  March,  it  will  rise  about 
eight  minutes  before  midnight,  and  pass  the  meri- 

j  dian  about  half-past  four  in  the  morning.  On 
the  1st  of  April,  it  will  rise  at  forty-three  minutes 

i  past  nine  in  the  evening,  and  pass  the  meri  dan 
at  a  quarter  past  two  in  the  morning.  It  will  be 
in  opposition  to  the  sun,  and  consequently  nearest 
the  earth,  on  the  4th  of  May,  when  it  will  rise 
between  seven  and  eight  in  the  evening.  PVom 
this  period  until  the  middle  of  November,  when  it 

I  is  nearly  in  conjunction  with  the  sun,  it  will  be 
visible  as  an  evening  star,  when  it  will  be  seen  at 
different  periods,  chiefly  in  the  south-eastern,  the 
southern,  and  south-western  parts  of  the  heavens, 
at  a  comparatively  low  altitude;  but  it  will  not 
be  much  noticed  by  the  naked  eye  after  the  end 
of  September  on  account  of  its  southern  declina- 
tion, which,  for  a  considerable  time,  will  be  grad- 
ually increasing.  Toward  the  end  of  December, 
it  will  again  be  seen  in  the  morning  near  the 
south-eastern  quarter  of  the  horizon.  The  best 
time  for  telescopic  observations  on  this  jjlanet 
will  be  from  the  beginning  of  April  until  the 
beginning  of  September 

Jupiter  will  be  in  conjunction  with   the  eitai 
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«2  Librae  on  the  15th  of  May,  at  forty-three  min- 
utes past  three  in  the  morning,  when  tlie  star  will 
appear  one  .degree  south  of  Jupiter;  and  on  tlio 
27th  of  August,  at  a  quarter  past  two  in  tiie 
morning,  it  will  be  in  conjunction  with  the  same 
star,  when  it  will  be  34'  below  Jupiter.  On  the 
2lst  of  November,  at  4h.  34',  p.  m.,  it  is  in  conjunc- 
tion with  the  sun.  On  March  5th,  at  three  in  the 
morning,  all  the  satellites  of  Jupiter  will  be  on 
the  east  of  that  planet,  wlien  viewed  with  a  tele- 
scope having  an  erect  eye-piece,  and  in  the  order 
of  their  distances  from  Jupiter.  The  same  pheno- 
menon will  happen  on  the  8th  of  June,  at  thirty 
minutes  past  eleven  in  the  evening;  on  the  1st  of 
August,  at  half-past  eight  in  the  evening;  on  the 
27th  of  August,  at  the  same  hoar,  but  on  the  west 
of  Jupiter;  on  the  20th  of  September,  at  seven, 
p.  M.,  on  the  east  of  Jupiter;  and  on  the  IGtli  of 
October,  at  six,  p.  m.,  on  the  west  of  Jupiter. 

This  planet  can  scarcely  be  mistaken,  even  by 
a  common  observer,  when  the  quarter  of  the 
heavens  in  which  it  is  visible  is  known,  as  it  is 
next  to  Venus  in  apparent  magnitude  and  splen- 
dor. It  will  appear  most  brilliant  about  the  end 
of  April  and  the  beginning  of  May. 

VI.    THE     PLANET     SATURN. 

This  planet  was  in  conjunction  with  the  sun 
on  the  6th  of  December,  1839;  and  therefore  it 
will  not  be  before  the  month  of  February  this 
year  that  it  will  be  in  a  favorable  position  for 
telescopic  observation.  During  the  months  of 
February,  March,  and  April,  it  will  be  seen  only 
in  the  morning  before  sunrise,  in  the  south-eastern 
quarter  of  the  heavens,  at  a  comparatively  low 
altitude.  On  the  1st  of  February,  it  rises  at  half- 
past  four  in  the  morning,  and  comes  to  the  meri- 
dian about  half-past  eight,  at  an  elevation  of 
about  Ibi^^-  On  the  first  of  March,  it  rises  at 
forty  minutes  past  two  in  the  morning;  on  the 
1st  of  April,  at  forty-two  minutes  past  twelve, 
midnight;  and  on  the  first  of  May,  it  rises  at 
forty  minutes  past  ten  in  the  evening.  It  is  in 
opposition  to  the  sun  on  the  8th  of  June;  after 
which  it  will  be  seen  in  the  evening.  During 
the  greater  part  of  the  month  of  May,  it  will 
likewise  be  seen  between  ten  in  the  evening  and 
midnight,  but  at  a  low  altitude.  It  will  continue 
to  be  visible  until  the  month  of  December,  but  it 
will  be  ditficult  to  distinguish  it  after  the  month 
of  October,  on  account  of  its  low  altitude  and  its 
proximity  to  the  sun.  It  arrives  at  the  point  of 
its  conjunction  with  the  sun  on  the  I5th  of  De- 
cember. The  most  favorable  times  and  positions 
for  taking  telescopic  views  of  this  planet  will  be 
during  the  months  of  May,  June,  July,  August, 
and  September,  especially  when  it  is  on  or  near 
the  meridian.  During  the  latter  part  of  August 
and  the  months  of  October  and  November,  about 
an  hour  after  sunset,  it  will  be  seen  toward 
the  south-western  quarter  of  the  heavens,  at 
a  comparatively  small  elevation  above  the  ho- 
rizon. 

This  planet  is  not  distinguished  for  its  brilliancy 
to  the  naked  eye;  but  it  exhibits  a  most  striking 
and  beautiful  appearance  through  a  good  tele- 
scope; more  so  than  any  other  planet  of  our  sys- 
tem. It  appears  of  a  dull  leaden  color  when  viewed 
by  the-  naked  eye,  and  is  not  easily  distinguished 
from  a  fixed  star  except  by  the  steadiness  of  its 
light,  never  presenting  a  twinkling  appearance 
as  the  stiirs  do;  and  from  which  circumstance  it 
may  be  distinguished  from  neighboring  stars.  It 
will  be  in  conjunction  with  the  .star  Rho  Ophiuchi 
on  the  5tli   of  June,  at  51  minutes  past  8,  p.m., 


wh-n  the  star  will  be  about  half  a  degree  north  of 
tUv  piunet.  It  will  likewise  bo,  in  conjunctioa 
with  the  same  star  on  liie  27th  of  October,  at  9h. 
36',  P.M.,  wlien  the  star  will  be  fifty-four  minutes 
of  a  degree  north  of  the  planet.  During  this  year 
the  rings  of  Saturn  will  appear  to  the  greatest  ad- 
vantage, the  openings  of  these  rings  being  then 
at  their  utmost  extent.  In  the  beginning  of  Oc- 
tober, the  proportion  of  the  longer  axis  t« 
the  transverse  axis  of  the  rings  is  nearly  as  35 
to  16. 

Vil.     THE     PLANET     URANUS. 

This  planet  is  for  the  most  part  invisible  to  tb« 
naked  eye.  The  best  time  for  detecting  it  bj 
means  of  a  telescope  is  when  it  is  at  or  near  tht 
period  of  its  opposition  to  the  sun,  which  hap 
pens  this  year  on  the  morning  of  the  11th  of  Sep- 
tember. At  that  time  it  passes  the  meridian 
about  midnight,  at  an  elevation  of  about  32^^ 
above  the  horizon.  On  the  1st  of  August,  it 
passes  the  meridian  at  forty  minutes  past  two  in 
the  morning;  on  the  1st  of  October,  at  thirty-two 
minutes  past  ten  in  the  evening;  on  the  1st  of 
November,  at  twenty-seven  minutes  past  eight; 
and  on  the  1st  of  December,  at  twenty-eight 
minutes  past  six,  in  the  evening.  Its  right  as- 
cension, or  distance  from  the  first  point  of  Aries 
at  its  opposition,  September  11,  is  23h.  18';  and 
its  south  declination  5°  20'  26".  It  rises  during 
the  year  at  points  a  little  to  the  southward  of  tha 
eastern  point  of  the  compass.  It  is  in  conjunc- 
tion with  the  moon  on  the  9th  of  January,  at  2h. 
17',  P.  M.,  when  it  is  1°  27'  south  of  the  moon.  It 
is  in  conjunction  with  Mars  on  the  16th  of  Feb- 
ruary, at  lib.  33',  p.  M.,  when  Uranus  is  only  nine 
minutes  of  a  degree  to  the  north  of  Mars;  so  that 
the  two  planets  would  be  seen  at  the  same  time 
in  the  field  of  the  telescope,  were  not  both  these 
bodies'  rather  too  near  the  sun  at  that  time  foi 
distinct  observation.  It  is  in  conjunction  with 
the  sun  on  the  6th  of  March,  and  with  the  moon 
on  the  31st,  when  it  is  2°  1'  south  of  the  moon. 
It  is  in  conjunction  with  Venus  on  the  6th  of 
April,  at  seven  in  the  morning,  when  it  is  40' 
north  of  Venus.  On  the  25th  of  May,  at  forty- 
five  minutes  past  nine  in  the. evening,  it  is  in  con- 
junction with  the  moon,  when  it  is  2°  39'  south 
of  that  luminary.  On  the  15th  of  August,  at 
3h.  15',  p.  M.,  it  is  again  in  conjunction  with  tha 
moon,  when  it  is  3°  9'  south  uf  that  luminary. 
On  the  lltli  of  September,  at  8h.  42',  p.  m.;  and 
on  the  9th  of  October,  at  four  in  the  morning,  it 
is  in  conjunction  with  the  moon,  and  in  both  cases 
it  is  then  about  3°  south  of  the  moon. 

N.  B.  In  the  preceding  statements,  tlie  observer 
is  supposed  to  be  in  52°  north  latitude.  In  places 
a  few  degrees  to  the  north  or  south  of  this  lati- 
tude, a  certain  allowance  must  be  made  for  tha 
times  of  rising  and  the  altitudes  which  are  hera 
specified.  To  those  who  reside  in  lower  latitudes 
than  52°  the  altitudes  of  the  different  bodies  will 
be  higher,  and  to  those  in'  higher  latitudes  the  al- 
titudes will  be  lower  than  those  which  are  hera 
specified.  For  example;  when  it  is  stated  that 
Saturn  comes  to  the  meridian  at  an  altitude  of 
16Vi,'°,  this  planet  will  pass  the  meridian  of  a 
plac"e  in  42°  N.  latitude,  at  an  altitude  of  2r)L^o, 
and  the  meridian  of  a  place  in  62°  N.  latitu  le,  at 
an  altitude  of  only  Gi.^o.  There  being  10-  of 
difference  in  the  latitude  of  the  supposed  places, 
the  altitude  of  the  heavenly  body  will  be  10" 
higher  in  the  one  case,  and  10°  lower  in  the 
other. 
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n     POSITIONS    OF    THE    PLANETS    FOR    1841. 
I  .    MERCURY. 

This  planet  is  at  its  superior  conjunction  with 
\]\e  sun  on  the  5th  of  Februury,  and  at  its  great- 
est elongation  on  the  4th  of  March,  when  it  is 
18°  8'  east  of  that  luminary;  it  will  therefore  ap- 
pear as  an  evening  star,  in  a  direction  nearly  due 
west,  a  little  above  the  horizon,  after  sunset,  be- 
tween six  and  seven  in  the  evening.  It  arrives  at 
its  inferior  conjunction  with  the  sun  on  the  20th 
March.  Its  next  greatest  western  elongation  hap- 
pens on  the  17th  of  April,  when  it  is  27°  21'  west 
of  that  luminary.  Tiie  planet  will  be  seen  about 
ten  or  twelve  days  before  and  after  this  time  in  an 
easterly  direction,  between  three  and  four  in  the 
morning.  Its  next  superior  conjunction  is  on  the 
26th  of  May;  and  its  next  greatest  eastern  elon- 
gation, on  the  30th  June,  when  it  is  25°  49'  east  of 
tlie  sun,  and  consequently  will  be  visible  in  the 
evening,  in  a  north-westerly  direction,  after  sun- 
set. This  would  form  one  of  the  most  favorable 
opportunities  of  seeing  this  planet,  as  it  is  then 
in  a  high  north  declination,  were  it  not  that  the 
strong  twilight  at  this  season  prevents  small  ob- 
jects in  the  heavens  from  being  easily  distin- 
guished. Its  nex4  greatest  elongation  is  on  August 
15th,  when  it  is  18°  37'  west  of  the  sun,  when  it 
will  be  seen  in  a  north-easterly  direction,  about 
four  in  the  morning.  It  is  again  at  its  greatest 
eastern  elongation  on  the  25th  of  October,  when 
it  is  nearly  24°  east  of  the  sun.  It  will  be  near 
the  south-western  part  of  the  sky  about  sunset; 
but  its  great  southern  declination,  at  that  period, 
will  prevent  it  from  being  easily  distinguishable. 
On  the  3d  of  December,  it  will  reach  the  point 
of  its  greatest  western  elongation,  when  it  is  20i.^° 
west  of  the  sun,  when  it  may  be  seen  for  a  week 
before  and  after  this  time,  about  seven  in  the  mor- 
ning, in  a  direction  a  little  to  the  north  of  the 
south-east  point  of  the  compass,  at  low  altitude. 

II.    VENUS. 

Venus  will  this  year  exhibit  a  more   frequent 


and  brilliant  appearance  to  common  obseryeni 
than  in  1840.  It  will  be  an  evening  star,  first  in 
the  south-western,  next  in  the  western,  and  after- 
ward in  the  north-western  quartei  of  the  heavens, 
during  the  months  of  January,  February,  March, 
April,  and  the  beginning  of  May.  During  the 
greater  part  of  January,  it  will  appear  nearly  in  a 
south-westerly  direction, and  W.  S.  W.  Through- 
out February,  it  will  appear  nearly  west,  and 
west-by-north.  Throughout  March,  April,  and 
the  beginning  of  May,  it  will  be  seen  in  a  north- 
westerly direction,  will  be  visible  in  a  pretty  liigh 
elevation  above  the  western  horizon,  and  will  con- 
tinue for  the  most  part  nearly  three  hdurs  above 
the  horizon  after  sunset.  Its  greatest  brilliancy 
is  about  the  8th  of  April,  when  it  appears  in  a 
crescent  form.  When  viewed  by  the  telescope 
in  January,  it  will  present  a  gibbous  phase,  like 
the  moon  four  or  five  days  before  or  after  the 
full.  In  February  and  March  it  will  be  in  the 
form  of  a  half  moon;  in  April  and  the  beginning 
of  May,  it  will  assume  the  figure  of  a  crescent; 
this  crescent  will  appear  more  and  more  slender, 
but  more  expansive,  until  within  a  few  days  of  its 
inferior  conjunction  with  the  sun,  which  takes 
place  on  the  15tli  of  May,  about  one  in  the  morn- 
ing. After  this  period,  this  planet  will  be  seen 
by  the  naked  eye  only  in  the  morning  before  sun- 
rise, in  an  easterly  and  north-easterly  direction, 
until  the  end  of  the  year;  but  with  an  equatorial 
telescope  it  may  be  distinctly  seen  every  clear  day, 
even  at  noon,  during  its  whole  course  from  one 
conjunction  to  another,  with  the  exception  of 
only  two  or  three  weeks  in  the  course  of  nine- 
teen months.  Its  greatest  brilliancy  after  passing 
its  inferior  conjunction,  is  about  the  20th  of  June; 
previous  to  which  it  will  appear  as  a  crescent,  and 
will  afterward  gradually  assume  a  half  moon  and 
a  gibbous  phase. 

V'enus,  in  its  course  throughout  this  year,  will 
pass  very  near  some  of  the  other  planets  ana  some 
of  the  fixed  stars.  The  following  table  exhibits 
the  times  and  circumstances  of  those  conjunc- 
tions in  which  Venus  makes  the  nearest  approach 
to  some  of  these  bodies. 

In  the  following  table,  the  first  column  states  the 


Time  of 

conjunction. 

Star  in  conjunction. 

Eel 

ative  positi 

1. 

Jan. 

12     

.    11   11  A.M. 

5-  Aquarii      .... 

* 

0oi5'N. 

2. 

— 

25     

.      1  25  A.M. 

Uranus          .... 

..    Ura. 

0    4N. 

3. 

Feb. 

18     

.      7  46  A.M. 

jPiscium      .... 

* 

0     3N. 

4. 

March 

22     

.      0  11  A.M. 

t  Arietis        .... 

* 

0    8N. 

5. 

April 

7     

.      6  56  A.M. 

e  Pleiadum   .... 

» 

0  51  S. 

ti. 

— 

23     

.      6  31  P.M. 

The  Moon 

.    Ven. 

0  59N 

7. 

July 

12     

.      7  43  A.M. 

,/lTauri 

* 

0  11  S. 

8. 

— 

12     

.      3  52  P.M. 

/-iTauri         

* 

0  20  S. 

9. 

— 

13     

.      1     4  A.M. 

/'Tauri         

* 

0     6  N. 

10. 

— 

24     

.      3  40  A.M. 

m  Tauri        .... 

* 

0  46  S. 

11. 

— 

31     

.    11  15  A.M. 

(>  Tauri         

« 

0  57  N. 

12. 

August 

4     

.      9  25  A.M. 

;^;lOrionis     .... 

* 

0  14  S. 

13. 

— 

6     

.      1  26  P.M. 

;tiOrionis     .... 

* 

0  30  S. 

14. 

— 

12     

.      3  53  A.M. 

V  Geminorum    . 

* 

0  35  S. 

15. 

— 

19     

7  J  2  P.M. 

^  Geminorum    . 

» 

0    4  S. 

16. 

Sept. 

10     

2  45  A.M. 

cT  Cancri        .... 

* 

0  38  N. 

17. 

— 

12     

7  50  A.M. 

The  Moon  

.     Ven. 

0  21     . 

18. 

— 

28     

0  13  A.M. 

a  Leonis       

* 

0    5  8. 

19. 

Oct. 

3     

7  35  A.M. 

<f  Leonis       

» 

0  43  S. 

20. 

— 

10     

9     2  A.M. 

;t  Leonis      

* 

0  15N 

21. 

— 

13     

9  56  P.M. 

<r  Leonis      

« 

0  29  N. 

22. 

— 

26     

9  42  P.M. 

»  Virginis 

• 

0  14  S. 

time  of  conjunction  of  the  star  or  planet  with 
Venus;  the  second  column  contains  the  same  star 
•r  planet;  and  the  third,  the  distance  and  position 


the  star  is  north  of  Venus;  and  S.,  that  it  is  south 
A.  M.  denotes  before  twelve  at  noon;  and  p.  m.,  af- 
ternoon.    In  those  conjunctions  marked   Nos.  1, 


■...  j^.ui..^i,  aim  mtr  iimu,  uie  uiMi<tiu;e  aim  posiiion    lernoon.     in  inose  conjunctions  marKea    i\0R.  1, 
Oi  the  star  or  planet  from  Venus.     N.denotesthat    2,  3.  4,  8,  9,  12,  15,  17,  18,  20,  22,  the  star  and 
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the  planet  will  be  seen  in  the  same  field  of  view 
of  the  telescope;  and  although  the  observation 
should  rtquire  to  be  made  in  the  day-time?the  star 
may  probably  be  distinguished  if  the  telescope 
have  a  great  magnifying  power.  The  conjunc- 
tion of  Venus  with  Uranus  on  the  25th  of  Janu- 
ary, at  twenty-five  niiimtes  past  one  in  the  morn- 
ing, will  afford  an  opportunity  to  amateur  observ- 
ers of  observing  this  latter  planet,  which  is  invisi- 
ble to  the  naked  eye.  Altiiough  both  these  bodies 
will  be  set  to  the  inhabitants  of  Britain  before  the 
conjunction  takes  place,  yet  they  will  be  both  seen 
in  tlie  same  field  of  the  telescope  between  six  and 
eigiit  o'clock  on  the  preceding  evening,  and  they 
will  not  be  far  distant  on  the  evening  immediately 
succeeding  the  conjunction.  At  New  York, Phi- 
ladelphia, Boston,  and  other  parts  of  the  United 
States,  these  planets  will  be  seen  about  an  hour 
or  an  hour  and  a  half  before  the  time  of  conjunc- 
tion, Uranus  appearing  very  near  Venus,  and  up- 
permost, when  viewed  with  a  telescope  having  an 
erect  eye-piece. 

N.  E.  All  the  above  and  the  preceding  and  fol- 
lowing statements  are  calculated  for  the  meridian 
of  Greenwich,  and  are  expressed,  not  in  astrono- 
mical, but  in  civil  time. 

III.      MARS. 

During  this  year  this  planet  will  make  a  con- 
Bpicuous  appearance,  and  be  seen  in  its  brightest 
luster;  but  its  declination  being  south  throughout 
the  year,  it  will  not  rise  to  so  liigh  an  altitude, 
nor  remain  so  long  above  the  horizon,  as  in  some 
formel"'  years.  During  the  months  of  January, 
February,  and  March,  it  will  be  seen  only  or 
chiefly  in  the  morning,  iu  a  south-easterly  direc- 
tion. In  the  beginning  of  January,  it  will  appear 
nearly  in  a  direction  east  by  south,  soon  after  the 
time  of  its  rising.  On  February  the  first,  it  comes 
to  the  meridian  about  five  in  the  morning,  at  an 
altitude  of  about  29°;  and  on  March  the  first,  at 
thirty-seven  minutes  past  three  in  the  morning, 
at  an  altitude  of  27°.  About  the  middle  of  March, 
it  will  rise  about  half-past  nine  in  the  eveninsx, 
and  may  be  seen  about  an  hour  or  tvpo  afterwaj-d 
near  the  south-west  quarter  of  the  heavens.  From 
this  period,  it  will  be  seen  in  the  evening,  until 
the  end  of  the  year;  but  as  its  distance  from  the 
earth  will  rapidly  increase  after  the  months  of 
August  and  September,  and  as  it  is  then  in  a  high 
degree  of  south  declination,  it  will  not  be  much 
noticed  by  common  observers  during  October, 
November,  and  December.  On  the  Itth  of  April, 
about  two  in  the  morning,  it  arrives  at  the  point 
of  its  opposition  to  the  sun,  when  it  is  nearest  the 
earth,  when  it  appears  with  a  full  enlightened 
hemisi)here,  and  when  it  affords  the  best  opportu- 
nities for  telescopic  observation.  It  will  be  most 
conspicuous  this  year  in  the  evening,  during 
March,  April,  May,  June,  July,  and  August,  and 
will  be  distinguished  from  surrounding  stars  by  its 
ruddy  appearance.  During  the  months  of  July, 
August,  and  September,  it  will  be  seen  chiefly 
near  the  south-western  portion  of  the  sky.  On 
the  11th  of  March  it  is  stationary;  that  is,  appears 
without  any  apparent  motion;  after  which,  its 
motion  is  retrograde,  or  contrary  to  the  order  of 
the  signs  of  the  Zodiac,  and  so  continues  until 
the  29th  of  May,  when  it  is  again  stationary;  after 
which  its  motion  is  direct  or  according  to  the 
order  of  the  signs. 

The  planet  Mars  will  be  in  conjunction  with  6 
Virginia  on  the  1st  of  January,  at  thirty-two 
minutes  past  four,  p.  m.,  when  the  star  will  be  17" 
•oulh  ol   the  planet.     It  will  be  in  conjunction 


with  ;)(^  Virginis  on  the  4th  of  April,  at  eight 
o'clock  in  t!ie  morning,  when  the  star  will  be  49' 
north  of  Mars.  It  will  be  in  conjunction  with 
a  ^  Libra;  on  the  10th  of  August,  at  nineteen 
minutes  past  two,  p.  ai.,  the  star  1°  5-^  north.  On 
the  16th  of  September,  at  fifty-three  minutes  past 
three  in  the  morning,  the  star  c/  Ophiuchi  will  be 
in  conjunction,  at  the  distance  of  only  1'  to  the 
south;  so  that  the  two  bodies  will  seem  almost  to 
touch  each  other.  On  the  27th  of  September, 
about  six  o'clock  in  the  evening,  this  planet  will 
be  in  conjunction  with  Jupiter,  when  ?Jars  will 
ai)pear  2^  4'  to  the  south  of  Jupiter.  On  Ibe  4th 
ol  October,  at  thirty-five  minutes  past  ten,  p. 
M.,  it  will  be  in  conjunction  with  b  Ophiuchi, 
when  the  star  will  appear  only  6'  south  of  the 
planet.  On  December  li^tb,  it  wiij  be  in  conjunc- 
tion with  I  Capricorni.  at  hh  47',  p.  m.,  when  the 
star  will  bo  only  eight  minutes  of  a  degree  south 
of  Mars. 

IV.  VESTA,  JUNO,  CERES,  AND  PALLAS. 

These  planets  will  all  be  in  opposition  to  the 
sun  this  year.  Fes^a  "will  be  in  opposition  on  the 
22d  of  October,  at  twenty-one  minult^s  past  three 
in  the  morning.  It  will  transit  tl'ie  n)eridian 
about  mianight,  at  an  altitude  of  38°  21)'.  Rigiit 
ascension,  2h.  2'  27";  north  declination,  20'  2^". 
On  the  2l'th  of  April,  at  Ih.  25",  r.  ji.,  ic  is  in 
conjunction  with  the  star  p  Piscium,  the  star  1° 
34'  north  of  the  planet.  On  the  22d  of  April,  at 
lOh.  56',  A.  M.,  it  is  in  conjunction  with  r  Piscium, 
the  star  1°  11"  south  of  Vesta.  On  the  24th  of 
August,  at  Ih.  44',  a.  m.,  the  star  v  Ceti  will  be  in 
conjunction,  the  star  14'  north  of  Vetta;  both 
these  bodies  will  therefore  be  seen  iu  the  same 
field  of  u.  telescope. 

Juno  will  be  in  opposition  on  the  IStli  of  March, 
at  2h.  45',  p.  M.,  and  will  come  to  the  meridian 
about  midnight,  at  an  altitude  of  41°  3'.  Right 
ascension,  llh.  59'  55";  north  declinntion,  3°  3' 
15".  Juno  will  be  in  conjunction  with  »  Virginis 
on  the  4tli  of  March,  at  31i.  24',  p.  m.,  the  star  28' 
south  of  Juno.  On  the  25lh  of  April,  at  noon,  it 
will  be  in  conjunction  wiih  v  Virginis,  when  the 
star  will  be  only  7'  north  of  the  planet.  Thia 
conjunction  will  aff'ord  a  favorable  opportunity 
for  d-lecling  Juno.  On  the  24ih  of  May,  at  71i- 
12',  A.  M.,  it  will  again  be  in  conjunction  with  » 
Virginis,  when  the  star  will  be  36'  south  of  the 
planet.  On  the  22d  of  June,  at  Sh.  36',  a.  m.,  it 
will  be  in  conjunction  with  rr  Virginis,  the  star 
45'  north  of  the  planet. 

Pallas  is  in  opposition  to  the  sun  on  the  4ih  of 
Sui)tember,  at  5ii.  34',  p.  m.,  when  if  will  come  to 
the  meridian  at  an  altitude  of  4(J<' 41 1^'.  Right 
ascension,  22h.  37';  north  declination,  2°  41'  20". 
Pallas  will  be  in  conjunction  with  the  star  « 
Aquarii  on  tlie  20th  of  September,  about  one  in 
the  morning,  when  the  star  will  be  22'  south  of 
Pallas. 

Ceres  is  in  opposition  on  October  13th,  at 
twenty-two  minutes  past  eleven,  a.  m.,  and  comes 
to  the  meri^iian  at  that  time  at  an  elevation  above 
the  southern  horizon  of  32°  45'2'.  Right  ascen- 
sion, Ih.  35'  20";  north  declination,  5°  14'  30 

V.   JUPITER. 

This  planet  passed  its  conjunction  with  the  son 
on  the  21st  of  November,  1840,  and  will  appear 
as  a  morning  star  during  the  months  of  January, 
February,  March,  and  April.  On  the  1st  of 
January,  it  will  rise  near  the  south,  at  thirty-four 
minutes  past  five  in  the  morning,  and  will  pass  th« 
meridian  at  forty  minutes  past  nine,  at  an  altitudd 
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of  nearly  170.  On  the  1st  of  February,  it  will  rise 
in  the  same  quarter,  at  fifty-six  minutes  past  three, 
and  come  to  the  meridian  about  eight.  On  the  1st 
of  March,  it  will  rise  at  twenty-two  minutes  past 
two  in  the  morning,  and  pass  the  meridian  at  twen- 
ty-eight minutes  past  six.  On  the  1st  of  April,  it 
rises  at  twenty-eight  minutes  past  twelve,  mid- 
night; and  on  Ihe  1st  of  May,  at  thii;ty-two  minutes 
past  ten  in  the  evening;  after  which  it  will  continue 
to  be  seen  in  the  evening  until  about  the  middle  of 
November.  It  will  be  in  conjunction  with  the  sun 
on  the  morning  of  tlie  23d  of  December,  after  which, 
it  will  be  a  morning  star.  The  declination  of  Ju- 
piter on  January  1st  is  21°  3).£'  south,  and  on  the 
1st  of  December,  S3°  IS)^'  south.  On  account, 
therefore,  of  its  great  southern  declination,  its  alti- 
tude will  be  low,  aad  its  duration  above  the  horizon 
comparatively  short.  Its  altitude,  when  passing  the 
meridian  about  the  beginning  of  December,  is 
only  14°  46'.  Its  opposition  to  the  sun  hapoens 
on  the  5th  of  June,  at  lOh.  16',  p.  m.  It  will 
appear  chiefly  in  a  southerly  and  south-westerly 
direction  in  the  evenings  of  July,  August  and 
September.  The  best  time  for  telescopic  obser- 
vations on  this  planet,  in  the  evening,  will  be  from 
April  until  the  end  of  August. 

On  the  20th  of  April,  at  a  quarter-past  three  iu 
the  morning  all  the  satellites  of  Jupiter  will 
appear  on  the  west  side  of  the  planet,  when 
viewed  with  a  telescope  having  an  erect  eye-piece, 
and  in  the  order  of  their  distances  from  Jupiter. 
The  same  phenomenon  will  happen  on  the  8tli 
of  June,  at  thirty  minutes  past  eleven  in  the 
evening.  On  the  5th  and  18th  of  July  (on  the 
east  of  Jupiter),  at  forty-five  minutes  past  nine 
in  the  evening;  on  the  27th  of  September,  at  71i. 
30',  p.  M.;  and  on  the  17th  of  November,  at 
6h.j  p.  M. 

VI.     SATURN. 

This  planet  will  be  seen  only  in  the  morning 
from  the  beginning  of  January  until  the  begin- 
ning of  May.  On  the  1st  of  February,  it  will 
rise  at  5h.  8',  a.  m.,  in  a  direction  nearly  south-east, 
and  will  come  to  the  meridian  at  9h.  8',  a.  m.,  at 
an  altitude  of  15°  35';  on  the  1st  of  March,  it 
rises  at  twenty-eight  minutes  past  three  in  the 
morning;  on  the  1st  of  April,  at  thirty-one 
minutes  past  one;  and  on  the  1st  of  May,  at 
thirty-two  minutes  past  eleven  in  the  evening. 
From  January  until  May  the  planet  will  be  seen 
chiefly  in  a  south- easterhj  direction  in  the  morn- 
ing, at  a  small  elevation  above  the  horizon.  From 
July  until  October  it  will  be  seen  intlie  evening, 
chiefly  in  a  southerly  and  south-hy-west  direction. 
It  is  in  opposition  to  the  sun  on  the  21st  of  June, 
when  it  rises  about  eight  in  the  evening,  and  passes 
the  meridian  about  midnight.  It  will  be  in  con- 
junction with  the  sun  on  the  27th  of  December. 
Its  right  ascension  on  the  1st  of  January  is  17h. 
43',  and  its  south  declination,  22°  21'.  On  the 
31st  of  December,  its  riglit  ascension  is  18h.  26', 
and  south  declination,  22°  40'.  On  account  of 
its  great  southern  declination  and  its  vicinity  to 
the  sun,  it  will  not  be  much  noticed  during  the 
latter  part  of  October  and  the  months  of  Novem- 
ber and  December. 

During  this  year  the  ring  of  Saturn  will  be.  in 
a  very  favorable  position  for  telescopic  obsei"va- 
tion,  the  elliptical  figure  of  the  ring  appearing 
nearly  at  its  utmost  w'Jth,  so  that  it  will  appear 
very  nearly  to  encompass  the  planet.  The  best 
periods  for  telescopic  ( bservations  in  the  evening 
will  be  from  the  month  of  May,  until  the  end  of 
September. 
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Uranus  will  be  in  opposition  to  the  sun  on  the 
15th  of  September,  at  lOh.  17',  a.  m.,  when  it  will 
pass  the  meridian  about  midnight,  at  an  altitude 
of  34°  15'.  Right  ascension  at  this  period,  23h. 
333^^';  south  declination,  3°  45'.  It  is  in  conjunc- 
tion with  Venus  on  the  25th  of  January, at  twenty- 
five  minutes  past  one  in  the  morning,  and  is  dis- 
tant from  Venus  only  four  minutes  of  a  degree. 
It  is  in  conjunction  with  Vesta  on  the  9th  of  April, 
at  nine  in  the  evening,  being  3°  54'  to  the  north 
of  Vesta.  On  the  1st  of  September,  it  passes  the 
meridian  at  fifty-one  minutes  past  twelve,  mid- 
night; on  the  1st  of  October,  at  forty-nine  mi- 
nutes past  ten  in  the  evening;  on  the  1st  of  No- 
vember, at  forty-three  minutes  past  eight;  on  the 
1st  of  December,  at  forty-four  minutes  past  six; 
and  on  the  1st  of  January,  1842,  at  forty-four 
minutes  past  four  in  the  afternoon.  The  most 
eligible  periods  for  detecting  this  planet  by  means 
of  the  telescope  are  the  months  of  August,  Sep- 
tember, October,  and  November. 

N.  B.  The  preceding  descriptions  of  planetary 
phenomena  are  chiefly  intended  to  inform  com- 
mon observers  as  to  the  seasons  of  the  year  when 
the  different  planets  may  be  seen,  and  the  quar- 
ters of  the  heavens  to  which  they  are  to  direct 
their  attention  in  order  to  distinguish  them.  It 
may  be  proper  to  observe,  that  tiie  planets  in 
general  cannot  be  distinguished  by  the  naked  eye 
for  about  a  month  before  and  after  their  conjunc- 
tions with  the  sun,  except  Venus,  which  may  fre- 
quently be  seen  within  a  week  before  and  after  ita 
inferior  conjunction;  but  this  planet  will  some- 
times be  invisible  to  the  naked  eye  for  a  month  or 
two  before  and  after  its  superior  conjunction  with 
the  sun. 

For  a  particular  description  of  the  motions,  di*- 
tances,  riiagnitudes,  and  other  phenomena  in  rela- 
tion to  the  primary  planets  and  their  satellites,  the 
reader  is  respectfully  referred  to  the  volume  enti- 
tled "Celestial  Scener*;  or  the  Wonders  of  the 
Planetary  System  Displayed,"  where  all  the  most 
interesting  facts  connected  with  the  solar  system, 
and  the  scenery  it  displays,  are  particularly  de- 
tailed. 

ECLIPSES  AND  OCCULTATIONS. 

ECLIPSES  IN   1840. 

There  will  be  four  eclipses  this  year,  two  of  the 
sun  and  two  of  the  moon ;  but  none  of  them  will 
be  visible  within  the  limits  of  the  Britisli  isles, 
nor  in  the  United  Slates  of  America,  except  a  par- 
tial eclipse  of  the  moon,  August  l^tli,  at  7h.  23', 
A.  M.,  Greenwich  time.  This  eclipse  will  be  visi- 
ble at  Philadelphia,  New  York,  Boston,  and  most 
parts  of  North  America,  but  not  in  Britain. 
On  March  4th,  there  will  be  an  annular  eclipse  of 
.the  sun,  the  middle  of  which  will  happen  at  7h. 
23',  A.M.;  and  on  August  27th  there  will  be  a  total 
eclipse  of  the  sun;  middle  of  the  eclipse  about  7h., 
A.  M.  These  two  interesting  eclipses  will  be  visi- 
ble chiefly  in  the  eastern  parts  of  the  globe,  in  the 
eastern  parts  of  Africa,  the  East  Indies,  the  In- 
dian Ocean,  Australia,  &c.  At  the  Cape  of  Good 
Hope,  thei-e  will  be  a  partial,  eclipse  of  the  sun 
on  August  27th;  but  both  eclipses  will  be  invisi- 
ble both  in  Britain  and  America. 

ECLIPSES   in    1841. 

This  year  there  will  be  six  eclipses,  four  of  the 
sun  and  two  of  the  moon,  at  the  following  timea; 
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Of  the  sun,  January  22d^  at  5h.  23',  a  partial 
eclipse,  visible  only  in  a  small  portion  of  the 
southern  ocean;  of  the  moon,  February  6th,  atSh. 
6',  A.  M.,  visible  in  Great  Britain;  of  the  sun,  a 
partial  eclipse,  February  21st,  at  llh.  4',  a.  m., 
visible  chiefly  in  the  North  Atlantic  Ocean,  Ice- 
land, and  East  Greenland;  of  the  sun,  a  partial 
eclipse,  July  18,  at  2h.  24',  p.  m.,  visible  in  Baffin's 
Bay,  Iceland,  Norway,  Sweden,  Russia  in  Europe, 
Prussia,  Germany,  Scotland,  &c.,  but  invisible  at 
Greenwich;  of  the  moon,  a.  total  eclipse,  August 
2d,  at  lOh.  1',  A.  M.;  of  the  sun,  a  partial  eclipse, 
August  I6th,  at  9h.  19',  p.  m.,  visible  chiefly  in  the 
South  Pacific  Ocean.  The  times  here  specified 
denote  the  middle  of  the  eclipse. 

All  the  above  eclipses  are  invisible  at  Green- 
wich, and  in  most  parts  of  Britain,  except  the  total 
eclipse  of  the  moon  on  February  5th  and  6th,  of 


which  the  following  is  a  more  particular  detail  in 
mean  time  at  Greenwich: 

h.  m. 
First  contact  with  penumbra  of  the 

earth's  shadow,  Feb.  5 11  24      p.  m 

First    contact   with    dark    shadow, 

Feb.  6 0  20     i.u 

First  total  immersion  in  dark  shadow, 

Feb.  6 1  17     A.  M 

Middle  of  the  eclipse,  Feb.  6 2     6)^  a.  m 

Last  total  immersion  in  dark  shadow, 

'Feb.  6 2  55l^A.  M 

Last    contact    with    dark     shadow, 

Feb.  6 3  52^  A.  m 

Last  contact  with  penumbra,  Feb.  6,  4  49      a.  M 
Digits  eclipsed,        20}^ 

A  large  solar  eclipse  will  be  tSsible  on  July  8, 


PLATE  IV. 


THE   SOUTH  CIRCUMPOLAR  STARS. 


1842;  and  no  eclipse  of  the  sun  will  be  visible  in 
Britain  until  tliat  time.  That  eclipse  will  be  total 
in  the  southern  parts  of  France,  and  large  even 
in  and  near  London.  At  Greenwich,  it  will  be- 
gin at  4h.  52t^',  A.  M.,  and  end  at  6h.  43'.  Digits 
eclipsed  9°  42i^'.  Of  course  this  eclipse  will  not 
be  visible  in  the  United  States,  nor  throughout 
any  part  of  America,  as  the  sun  will  not  at  that 
time  be  risen  to  those  places. 

OCOTLTATIONS  OF  VENUS  BY  THE   MOON  IN  1841. 

On  the  26th  of  March,  1841,  the  planet  Venus 
will  suffer  an  occultation  by  the  moon.  It  will 
begin  to  be  immersed  behind  the  moon  at  forty 
minutes  past  two  o'clock  in  the  afternoon,  of 
Greenwich  mean  time,  and  will  emerge  from  be- 


hind the  opposite  limb  of  the  moon  at  twenty- 
three  minutes  past  3,  p.  m.  Another  occultation 
of  Venus  will  happen  on  the  12th  of  September, 
1841;  immersion,  thirty  minutes  past  six  in  the 
morning;  emersion,  forty-two  minutes  past  7,  a.  m. 
In  the  occultation  of  March  26,  Venus  will  bo 
nearly  in  the  form  of  a  half  moon,  and  the  moon 
in  the  form  of  a  crescent.  Venus  will  be  immerg- 
ed  at  the  dark  (or  eastern)  limb  of  the  moon,  and 
will  emerge  from  the  enlightened  crescent.  They 
will  be  then  nearly  on  the  meridian,  at  an  altitude 
of  about  60°,  and  nearly  three  hours  of  right  ascen- 
sion east  of  the  sun.  A  short  time  after  sunset, 
Venus  will  be  seen  a  little  west  from  the  lunar 
crescent,  but  very  near  it,  shining  with  consider- 
able splendor.  Although  this  occultation  will 
happen  while  the  sun  is  above  the  horizon,  yet 


APPENDIX. 


149 


both'the  moon  and  Venus  will  be  easily  perceived  I 
with  a  common  telescope  of  very  moderate  mag- 1 
nifying  power.  In  the  occultation  which  takes  | 
place  on  the  morning  of  September  12,  Venus  j 
will,  as  in  the  former  case,  be  nearly  in  the  shape  j 
of  a  half  moon,  and  the  moon  a  slender  crescent,  | 
being  only  2^^  days  from  the  period  of  conjunc- 
tion or  new  moon.  In  this  case  Venus  will  be 
immerged  at  the  enlightened  limb  of  the  moon,  ^ 
and  emerge  from  the  dark  limb.  Both  bodies  will  i 
be  then  in  an  easterly  or  north-easterly  direction,  j 
and  the  immersion  will  take  place  a  little  after  j 
■unrise;  about  half  an  hour  before  which,  Venus  j 
will  be  seen  a  very  little  to  the  east  of  the  moon. 


EXPLANATIONS  OF  SOME  OF  THE  EN- 
GRAVINGS OF  THE  STARS. 

Plate3  I  and  II,  which  represent  portions  of 
the  heavens  as  seen  about  the  middle  of  January 
and  the  1st  of  September,  have  been  explained  pp. 


13-16;  and  Plate  III,  which  represents  the  north 
circumpolar  stars  has  been  explained  pp.  16-19. 

Plate  IV  represents  some  of  the  larger  stars 
and  principal  eonstellations  aroMndthe South  Pole, 
to  the  distance  of  45°  from  that  pole.  It  also 
shows  a  portion  of  the  Milky  Way  which  tra- 
verses that  region  of  the  heavens,  and  which  is 
said  to  appear  there  with  peculiar  brilliancy.  One 
of  the  principal  constellations  which  is  frequently 
noticed,  and  which  appears  peculiarly  striking  to 
sea-faring  people  and  others,  is  called  Crux,  or  tlie 
Gross,  from  the  resemblance  it  bears  to  that  figure 
It  consists  of  five  stars,  one  of  the  first  mugni- 
tude,  two  of  the  second,  one  of  the  third,  and  one 
of  the  fourth  magnitude.  Four  of  these  are  in 
the  position  of  the  cross;  the  northernmost  and 
eouthermnost  of  which  are  always  in  a  line  with 
the  south  pole,  and  therefore  serve  for  a  direction 
in  south  latitude  to  discover  tha*:  p  >le,  as  the  Two 
Pointers  in  the  Great  Bear  serve  to  direct  the  eye 
to  the  North  Polar-star.  There  is  no  large  or  pro- 
minent star  at  or  near  the  South  Pole.    Tiiis  con- 


Fig.  85. 
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otellaticn  is  represented  near  the  line,  or  meridian, 
wh.ch  points  at  XII,  opposite  to  the  month  of 
May.  All  its  stars,  except  the  lowermost,  appear 
within  the  limits  of  the  Milky  Way.  The  stars 
Immediately  below  the  Cross  belong  to  the  Cen- 
taur; those  on  the  left,  opposite  April,  belong  to 
Robur  Caroli,  or  King  Charles's  Oak,  which  con- 
tains a  star  of  the  first  magnitude.  Farther  to 
the  left,  opposite  March,  is  Ar^o  Navis  or  the  Ship. 


Still  farther  to  the  left,  opposite  February,  is 
Pisces  Volans,  the  Flying  Fish,  which  contains  a 
star  of  the  first  magnitude,  named  Canopus.  This 
star  is  marked  near  the  left  side  of  the  map,  op- 
posite the  middle  of  February.  To  the  ripht  from 
the  Cross  are  the  two  fore  legs  of  the  Centau'' 
distinguished  by  two  stars  of  the  first  magnitude, 
named  Agena  and  Bungula,  Agena  being  the  one 
next  to  the  Gross     They  are  in  the  Milky  Way, 
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and  appear  opposite  the  month  of  June.  Next  to 
the  Cross  and  the  Centaur,  on  the  right,  arc  Cir- 
cinus,  or  the  Compasses;  the  Southern  Triangle, 
which  contains  three  stars  of  the  second  magni- 
tude in  the  form  of  a  triangle;  and  Ara,  or  the 
Altar,  which  lies  adjacent  to  the  right-hand  side 
of  the  map,  opposite  the  space  between  July  and 
August. 

Directing  our  attention  to  the  upper  part  of  the 
map,  on  tlie  left,  there  is  the  constellation  Equu- 
leus  Pictoria,  or  the  Painter's  Easel,  which  consists 
of  a  number  of  small  stars.  Next  to  this,  and  a 
little  above  it,  is  Dorado,  or  the  Sword-Fish,  which 
contains  two  or  three  stars  of  the  second  and  third 
magnitudes.  To  the  right  of  Dorado  is  Hydrus, 
or  the  Water  Snake;  above  which  is  Achernar,  a 
star  of  the  first  magnitude  in  Eridanus,  which 
appears  opposite  the  1st  of  December.  Next  to 
Achernar   on  the  right  is  Toucana,  or  the  Amer- 


ican Goose;  above  which,  opposite  November,  ia 
the  IVtwnix;  to  the  right  of  which  is  the  Crane, 
which  contains  two  stars  of  the  second  magni- 
tude; below  which  is  Pavo,  or  the  Peacock,  which 
contains  several  stars  of  the  second  and  third 
magnitudes;  below  Pavo,  opposite  to  August,  is 
Telescnpimn,  or  the  Telescope,  which  contains  no 
remarkable  stars.  Within  eleven  degrees  of  the 
South  Pole,  represented  by  the  central  point  of  the 
map,  are  two  of  those  whitish  or  nebulous  spaces 
called  the  Magellanic  Cloticls,  which  are  found  by 
the  telescope  to  consist  of  small  stars  and  nebu- 
lous appearances.  The  other  Magellanic  cloud, 
which  is  the  largest,  is  at  a  considerable  distance 
from  the  South  Pole.  In  specifying  the  names  of 
;  some  of  the  above  stated  constellations,  the  incon- 
^^gruitij  of  the  animals  and  figures  by  v»hich  these 
groups  of  stars  are  represented  will  at  once  be  ap- 
I  parent  to  the  reader. 


Fig.  86. 


Plate  V.  contains  a  condensed  representation 
of  some  of  the  principal  constellations  in  the 
nortiiern  and  southern  hemispheres  on  Mercator's 
Projection,  chiefly  for  the  purpose  of  exhibiting 
THE  COURSE  OE  THE  Mii.KY  Way,  and  the  relative 
positions  of  the  constellations.  Some  of  the  larger 
stars  may  be  here  traced  as  st  Lyrae,  Capella,  &c., 
but  they  are  more  easily  distinguished  in  the  other 
maps.  (See  the  description  given  of  the  Milky 
Way  p.  57.) 


Fig.  80  (p.  124)  represents  tiie  comet  of  11)61, 
as  seen  by  Hevelius;  the  atmosphere,  or  nebulo- 
sity, surrounding  the  nucleus,  when  viewed  at 
different  times,  varied  in  its  extent,  as  likewise 
the  tail  in  its  length  and  breadth. 

Fig.  81  (p.  124)  represents  a  class  of  comets 
which  have  their  tails  somewhat  bent,  which 
some  suppose  to  be  owing  to  the  resistance  of 
the   ethereal   fluid  through  which    they  move. 

Fig.  85  represents  a  telescopic  view  of  the  Pleia- 
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rfes,  a  group  of  stars  in  the  constellation  Taurus. 
About  forty  stars  are  here  represented,  but  with 
powerful  telescopes  many  more  may  be  discover- 
ed. i?/ici<a  affirms  that  he  counted  200  stars  with- 
in this  cluster,  and  yet  telescopes,  at  the  period 
when  he  lived,  had  not  arrived  at  the  point  of  per- 
fection they  have  now  attr.ined.  The  principal 
star  in  the  Pleiades  is  Alcione,  of  the  third  magni- 
tude, which  is  here  represented  near  the  center 
of  the  cluster.  The  names  of  the  others  visible 
to  the  naked  eye  are  Merope,  Maia,  Eleclra, 
Tayeta,  Sterope,  and  Celine.  Merope  is  the  one 
which  some  suppose  to  have  been  lost.  In  fabu- 
lous history,  these  stars  were  the  seven  daughters 
of  Atlas  and  the  nymph  Pleione,  who  were  turned 
into  stars  with  their  sisters  the  Hyades,  on  account 
of  their  mutual  affection  and  amiable  virtues. 

The  other  five  stars,  beside  Alcione,  are  of  the 
fifth  magnitude,  as  represented  in  the  plate;  and 
the  rest  are  telescopic  stars  of  the  sixth,  seventh, 
eighth,  and  ninth  magnitudes.     The   lines  from 


right  to  left  are  portions  of  circles  of  declination 
which  run  parallel  with  the  equinoctial,  as  the 
parallels  of  latitude  on  the  terrestrial  globe  do 
with  respect  to  the  equator;  and  on  these  the  de- 
clination, or  distance  of  the  body  from  the  equi- 
noctial, is  marked.  The  other  lines,  from  top  to 
bottom,  are  portions  of  circles  of  right  ascension 
corresponding  with  meridians  on  the  terrestrial 
globe.  On  these  are  marked  the  right  ascensions 
of  the  heavenly  bodies  or  their  distance,  reckoned 
on  the  equinoctial  from  the  first  point  of  Aries. 
One  of  these  lines,  at  the  top  and  bottom,  is 
marked  54°,  showing  that  the  stars  in  that  line 
are  54°  east  from  the  first  point  of  Aries;  and  the 
number  23,  marked  at  the  right  and  left  hand 
sides,  shows  that  the  star  or  stars  in  that  line  are 
23°  north  of  the  equinoctial. 

Fig.  86  represents  the  tail  of  the  splendid  comet 
of  1744,  which  was  divided  into  six  branches,  as 
described  p.  127.  See  also  the  description  given 
of  this  comet,  pp.  122, 133^ 
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PREFACE. 


The  following  work  was  announced  several  years  ago  in  the  preface  to  the  volume 
on  "  The  Sidereal  Heavens,"  since  which  time  numerous  inquiries  have  been  made 
after  it  by  correspondents  in  England,  the  West  Indies,  and  America.  It  was  nearly 
ready  for  publication  three  years  ago,  but  circumstances  over  which  the  author  had 
no  control  prevented  its  appearance  at  that  period.  This  delay,  however,  has  enabled 
him  to  introduce  descriptions  of  certain  instruments  and  inventions  which"  were  partly 
unknown  at  the  time  to  which  he  refers. 

The  term  "  Practical  Astronomer  "  has  been  fixed  upon  as  the  shortest  that  could 
be  selected,  although  the  volume  does  not  comprise  a  variety  of  topics  and  discussions 
generally  comprehended  in  this  department  of  astronomy.  The  work  is  intended  for 
the  information  of  general  readers,  especially  for  those  who  have  acquired  a  relish  for 
astronomical  pursuits,  and  who  wish  to  become  acquainted  with  the  instruments  by 
which  celestial  observations  are  made,  and  to  apply  their  mechanical  skill  to  the 
construction  of  some  of  those  which  they  may  wish  to  possess.  With  this  view,  the 
author  has  entered  into  a  variety  of  minute  details,  in  reference  to  the  construction 
and  practical  application  of  all  kinds  of  telescopes,  &c.,  which  are  not  to  be  found  in 
general  treatises  on  Optics  and  Astronomy. 

As  Light  is  the  foundation  of  astronomical  science,  and  of  all  the  instruments  used 
for  celestial  observation,  a  brief  description  is  given  of  the  general  properties  of 
light — of  the  laws  by  which  it  is  refracted  and  reflected  when  passing  through  different 
mediums,  and  of  the  effects  it  produces  in  the  system  of  nature — in  order  to  prepare 
the  way  for  a  clear  understanding  of  the  principles  on  which  optical  instruments  are 
constructed,  and  the  effects  they  produce. 

As  this,  as  well  as  every  other  physical  subject,  forms  a  part  of  the  arrangements 
of  the  Creator  throughout  the  material  system,  the  author  has  occasionally  taken  an 
opportunity  of  directing  the  attention  of  the  reader  to  the  Wisdom  and  Beneficence 
of  the  Great  First  Cause,  and  of  introducing  those  moral  reflections  which  naturally 
flow  from  the  subject. 

The  present  is  the  ninth  volume  which  the  author  has  presented  to  the  public,  and 
he  indulges  the  hope  that  it  will  meet  with  the  same  favorable  reception  which  his 
former  publications  have  uniformly  experienced.  It  was  originally  intended  to  con- 
clude the  volume  with  a  few  remarks  on  the  utility  of  astronomical  studies,  and  their 
moral  and  religious  tendency,  but  this  has  been  prevented,  for  the  present,  in  conse- 
quence of  the  work  having  swelled  to  a  greater  size  than  was  anticipated.  Should  he 
again  appear  before  the  public  as  an  author,  the  subject  of  discussion  and  illustration 
will  have  a  more  direct  bearing  than  the  present  on  the  great  objects  of  religion  and 
a  future  world. 

BRouanTY  Ferry,  near  Ddndbb. 
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PART    I. 

ON    LIGHT. 


I  N  T  E  0  D  U  C  T  I  0  N . 


Light  is  that  invisible  ethereal  matter  wliich 
renders  objects  perceptible  by  the  visii;il  organs. 
It  appears  to  be  distributed  throiitrliout  the  im- 
mensity of  the  universf,  and  is  esseatiully  requi- 
site to  tiie  enjoyment  of  every  rank  of  p^^rceplive 
existence.  It  is  by  the  agency  of  this  mysterious 
substance  tiiat  we  become  acquainted  witii  the 
beauties  and  sublimities  of  the  universe,  and  the 
wonderful  operations  of  the  Almighty  Creator. 
Without  its  universal  influence,  an  impenetrable 
vail  would  be  thrown  over  the  distint  scenes  of 
creation;  the  snn,  the  moon,  the  planets,  and  the 
starry  orbs  would  be  shrouded  in  the  deepest  dark- 
ness, and  the  variegated  surface  of  the  globe  on 
which  we  dwell  would  be  almost  unnoticed  and 
unknown.  Creation  would  disappear, a  mysterious 
gloom  would  surround  the  mind  of  every  intelli- 
gence, all  around  would  appear  a  dismal  waste 
and  an  undistinguished  chaos.  To  whatever 
quarter  we  might  turn,  no  form  nor  comeliness 
would  he  seen,  and  scarcely  a  trace  of  the  perfec- 
tions and  agency  of  an  All-wise  and  Almighty 
Being  could  be  perceived  throughout  the  univer- 
sal gloom.  In  short,  without  tlie  influence  of 
light,  no  world  could  be  inhabited,  no  animated 
being  could  subsist  in  the  manner  it  now  does,  no 
knowledge  could  be  acquired  of  the  works  of 
God,  and  happiness,  even  in  the  lowest  degree, 
could  scarcely  be  enjoyed  by  any  organized  intel- 
ligence. 

We  have  never  yet  known  what  it  is  to  live  in 
a  world  deprived  of  this  delightful  visitant;  for  in 
the  darkest  night  we  enjoy  a  share  of  its  b.Mieficial 
agency,  and  even  in  the  deepest  dungeon  its  influ- 
ence is  not  altogether  unfelt.*  The  blind,  indeed, 
do  not  directly  enjoy  the  advantages  of  light,  but' 
its  influence  is  reflected  upon  them,  and  their 
knowledge  is  promoted  through  the  medium  of 


*  Tliose  tmfortnnate  indivirluals  who  have  been  confined 
'm  the  darkest  dungeons  have  declared,  thnt  though,  on 
*eir  first  entrance,  no  ohject  could  be  perceived,  perhaps 
*)r  a  day  or  two,  yet,  in  tlie  course  of  time,  as  the  pupils  of 
Oheir  eyes  expanded,  they  could  readily  perceive  mice,  rats, 
and  other  animals  that  infested  their  cells,  and  likewise  the 
walls  of  their  apartments;  which  shows  that,  even  in  such 
Biinations,  light  ia  present,  and  produces  a  certaiu  degree  of 
muuence. 
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those  who  enjoy  the  use  of  their  visual  organs. 
Were  all  the  inhabitants  of  the  world  deprived  of 
their  eyesight,  neither  knowledge  nor  happiness, 
such  as  we  now  possess,  could  possibly  be  enjoyed- 

There  is  nothing  which  so  strikingly  displays 
the  beneficial  and  enlivening  clTects  of  light  as 
the  dawn  of  a  mild  morning  after  a  night  of 
darkness  and  tempest.  All  appears  gloom  and^ 
desolation  in  our  terrestrial  abode  until  a  faint: 
light  begins  to  whiten  the  eastern  horizon.  Every' 
succeeding  moment  brings  along  with  it  some- 
thing new  and  enlivening.  The  crescent  of  light 
toward  the  east  now  expands  its  dimensions,  and 
rises  upward  toward  the  cope  of  heaven;  and 
objects,  which  a  little  before  were  immersed  in 
the  deepest  gloom,  begin  to  be  clearly  distin- 
guished. At  length  the  sun  arises,  and  all  nature 
is  animated  by  his  ajjpearance;  the  magnificent 
scene  of  creation,  which  a  little  before  was  in- 
volved in  obscurity,  opens  gradually  to  view,  and 
every  object  around  excites  sentiments  of  wonder, 
delight,  and  adoration.  The  radiance  which  ema- 
nates from  this  luminary  displays  before  us  a 
world  strewed  with  blessings,  and  embellished 
with  the  most  beautiful  attire.  It  unvails  the 
lofty  mountains  and  the  forests  with  which  they 
are  crowned;  the  fruitful  fields,  with  the  crops 
that  cover  them;  the  meadows,  with  the  rivers 
which  water  and  refresh  them;  the  plains,  adorned 
with  verdure;  the  placid  lake,  and  the  expansive 
ocean.  It  removes  the  curtain  of  darkness  from 
the  abodes  of  men,  and  shows  us  the  cities,  towns, 
and  villages,  the  lofty  domes,  the  glittering  spires, 
and  the  palaces  and  temples  with  which  the  land- 
scape is  adorned.  The  ilowers  expand  their  buds 
and  put  forth  their  colors,  the  birds  awake  to 
melody,  man  goes  forth  to  his  labor,  the  sounds 
of  human  voices  are  heard,  and  all  appears  life 
and  activity,  as  if  a  new  world  had  emerged  from 
the  darkness  of  chaos. 

The  whole  of  this  splendid  scene,  which  light 
produces,  may  be  considered  as  a  new  crea- 
tion, no  less  grand  and  beneficent  than  the  first 
creation,  v/hen  the  command  was  issued,  "Let 
there  be  light,  and  light  was."  The  aurora  and 
the  rising  sun  cause  the  earth,  and  all  the  objects 
which  adora  its  surface,  to  arise  o.it  of  that  pro» 

111) 


12 


THE  PRACTICAL  ASTRONOMER. 


found  darkness  and  apparent  desolation  which 
deprived  us  of  the  view  of  them  as  if  they  had 
been  no  more.  It  may  be  affirmed,  in  full  accor- 
dance with  truth,  that  tlie  efflux  of  light  in  the 
dawn  of  the  morning,  after  a  dark  and  cloudy 
night,  is  even  more  niaguificont  and  exhilarating 
than  at  the  first  moment  of  its  creation.  At  that 
moment  there  were  no  spectators  on  earth  to 
admire  its  glorious  efiects;  and  no  objects,  such 
as  we  now  behold,  to  be  embellished  with  its 
radiajice.  The  earth  was  a  shapeless  chaos,  where 
no  beauty  or  order  could  be  perceived;  the  moun- 
tains had  not  reared  their  heads;  the  seas  were 
not  collected  into  their  channels;  no  rivers  rolled 
through  the  valleys;  no  verdure  adorned  the 
plains;  the  atmosphere  was  not  raised  on  high  to 
reflect  the  radiance,  and  no  animated  beings  e.x- 
isted  to  diversify  and  enliven  the  scene.  But 
now,  when  the  dawning  of  the  morning  scatters 
the  darkness  of  the  niglit,  it  opens  to  view  a  scene 
of  beauty  and  magnificence.  The  heavens  are 
adorned  with  azure,  the  clouds  are  tinged  with 
the  most  lively  colors,  the  mountains  and  plains 
are  clothed  with  verdure,  and  the  whole  of  this 
lower  creation  stands  forth  arrayed  with  divei'sified 
scenes  of  beneficence  and  grandeur,  while  the 
contemplative  eye  looks  round  and  wonders. 

Such,  then,  are  tiie  important  and  beneficent 
effects  of  that  light  which  every  monieat  diffuses 
its  blessings  around  us.  It  may  justly  be  con- 
sidered as  one  of  the  most  essential  substances 
connected  with  the  system  of  the  material  uni- 
verse, and  which  gives  efficiency  to  all  the  other 
principles  and  arrangements,  of  nature.  Hence 
we  are  informed,  in  the  sacred  history,  that  light 
was  the  first  production  of  ti  e  Almighty  Creator, 
and  the  first-born  of  created  beings;  for  without 
it  the  universe  would  have  presented  uothiiig  but 
an  immense  blank  to  all  sentient  existences. 
Hence,  likewise,  the  Divine  Being  is  metaphori- 
cally represented  under  the  idea  of  lic/ht,  as  being 
the  source  of  knowledge  and  felicity  to  all  subor- 
dinate intelligences:  "  God  is  light,  and  in  Him  is 
no  darkness  at  all;"  and  he  is  exhibited  as  "  dwel- 
ling in  light  unapproachable  and  full  of  glory, 
whom  no  man  hath  seen  orcan  see."  In  allusion 
to  these  circumstances,  Milton,  in  his  Paradise  Lost, 
introduces  the  following  beautiful  apcstrophe: 

"  Hail  holy  liglii!  otTspring:  of  heaven  first  born. 
Or  of  the  eternal,  coeternal  beam! 
May  I  express  thee  unblameil?  since  God  is  light 
And  never  but  in  nnapproached  light 
Dwelt  from  eternity;  dwelt  tlien  in  thee, 
Brisht  eflhience  of  brisht  essence  increate. 

Before  the  sun, 

liefore  the  heavens  thou  wert,  and  at  the  voice 
Of  God,  as  with  a  mantle,  diilsl  invest 
The  rising  world  of  waters  dark  and  deep, 
Won  from  the  void  and  formless  inliiiiie." 

As  light  is  an  element  of  so  much  importance 
,ai«i   utility  in  the  system  of  nature,  so  we  find 


that  arrangements  have  been  made  for  its  univer- 
sal diffusion  throughout  all  the  worlds  in  the 
universe.  The  sun  is  one  of  the  principal  sources 
of  light  to  this  earth  on  which  we  dwell,  and  to 
all  the  other  planetary  bodies;  and,  in  order  that 
it  may  be  equally  distributed  over  every  portion 
of  the  surfaces  of  these  globes,  to  suit  the  exigen- 
cies of  their  inhabitants,  they  are  endowed  witb 
a  motion  of  rotation,  by  which  every  part  of  theij 
surfaces  is  alternately  turned  toward  the  source  of 
light;  and  when  one  hemisphere  is  deprived  of 
the  direct  influence  of  the  solar  rays,  its  inhabi- 
tants derive  a  portion  of  light  from  luminaries  in 
more  distant  regions,  and  have  their  views  directed 
to  other  suns  and  systems,  dispersed,  in  countless 
numbers,  throughout  the  remote  spaces  of  the 
universe.  Around  several  of  the  planets,  satellites 
or  moons  have  been  arranged  for  the  purpose  of 
throwing  light  on  tiieir  surfaces  in  the  absence  of 
the  sun,  while,  at  the  same  time,  the  primary 
planets  themselves  reflect  an  eiFulgence  of  light 
upon  their  satellites.  All  the  stars  which  our 
unassisted  vision  can  discern  in  the  midnight  sky, 
and  the  millions  more  which  the  telescope  alone 
enables  us  to  descry,  must  be  considered  as  so 
many  fountains  of  light,  not  n)erely  to  illuminate 
the  voids  of  immensity,  but  to  irradiate  with  their 
beams  surrounding  v.'orlds  with  wliich  they  are 
more  immediatelj'  connected,  and  to  diffuse  a 
general  luster  throughout  the  amplitudes  of  infi- 
nite space;  and,  therefore,  we  have  every  reason 
to  believe  that,  could  we  fly,  for  thousands  of 
years,  with  the  swiftness  of  a  seraph,  through  the 
spaces  of  immensity,  we  should  never  approach 
a  region  of  absolute  darkness,  but  should  find 
ourselves  every  moment  encompassed  with  the 
emanations  of  light,  and  cheered  with  its  benign 
influences.  That  Almighty  Being  who  inhabiteth 
immensitj'  and  "dwells  in  light  inaccessible," 
evidenth'  appears  to  have  diffused  light  over  the 
remotest  spaces  of  his  creation,  and  to  have  thrown 
a  radiance  upon  all  the  provinces  of  his  wide  and 
eternal  empire,  so  that  every  intellectual  being, 
wherever  existing,  may  feel  its  beneficent  effects, 
and  be  enabled,  through  its  ag.-ncy,  to  trace  his 
wonderful  operations,  and  the  glorious  attributes 
with  which  he  is  invested. 

As  the  science  of  astronomy  dejjends  solely  on 
the  influence  of  light  upon  the  organ  of  vision, 
vi^liich  is  the  most  noble  and  extensive  of  all  our 
senses;  and  as  the  construction  of  telescopes 
and  other  astronomical  instruments  is  founded 
upon  our  knowledge  of  the  nature  of  light  and 
the  laws  by  which  operates,  it  is  essentially  requi- 
site, before  proceeding  to  a  description  of  such 
instruments,  to  take  a  cursory  view  of  its  nature 
and  properties,  in  so  far  as  they  have  been  ascer- 
tained, and  the  effects  it  produces  when  obstruc- 
ted by  certain  bodies,  or  when  passing  through 
different  mediums 
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GENERAL   PROPERTIES  OF  LIGHT. 


It  is  not  my  intention  to  discuss  tlie  subject  of 
ligjlit  iu  minute  detail,  a  subject  wiiich  is  of  con- 
siderable extent,  and  wiiich  would  require  a  sepa- 
rate treatise  to  illustrate  it  in  all  its  aspects  and 
bearings.  All  that  I  propose  is  to  olFer  a  few  il- 
lustrations of  its  general  properties,  and  the  laws 
by  which  it  is  refracted  and  reflected,  so  as  to 
prepare  the  way  for  explaining  the  nature  and 
construction  of  telescopes  and  other  optical  in- 
struments. 

There  is  no  branch  of  natural  science  more  de- 
serving of  our  study  and  investigation  than  that 
whicli  relates  to  light,  whether  we  consider  its 
beautiful  and  extensive  effects,  the  magnificence 
'and  grandeur  of  the  objects  it  unfolds  to  view, 
the  numerous  and  diversified  phenomena  it  exhib- 
its, the  optical  instruments  which  a  knowledge 
of  its  properties  has  enabled  us  to  construct,  or 
the  daily  advantages  we  derive,  as  social  beings, 
from  its  universal  difTusion.  If  air,  which  serves 
as  the  medium  of  sound  and  the  vehicle  of  speech, 
enables  us  to  carry  on  an  interchange  of  thought 
and  affection  with  our  fellow-men,  how  much 
more  extensively  is  that  intercourse  increased  by 
light,  whiih  presents  the  images  of  our  friends 
and  other  objects  as  it  were  immediately  before 
us,  in  all  their  interesting  forms  and  aspects — the 
speaking  eye,  the  rosy  cheeks,  the  benevolent 
smile,  and  the  intellectual  forehead.  The  eye, 
more  susceptible  oi'  multifarious  impressions  than 
the  other  senses,  "  takes  in  at  once  the  landscape 
of  the  world,"  and  enables  us  to  distinguish,  in  a 
moment,  the  shapes  and  forms  of  all  its  objects, 
their  relative  positions,  the  colors  that  adorn  them, 
their  diversified  aspect,  and  the  motions  by  which 
they  are  transported  from  one  portion  of  space  to 
another.  Light,  through  the  medium  of  the  eye, 
not  onlj^  unfolds  to  us  the  presence  of  others,  in 
all  their  minute  modifications  and  peculiarities, 
but  exhibits  us  to  ourselves.  It  presents  to  our 
own  vision  a  faithful  portrait  of  peculiar  features 
behind  rellecting  substances,  without  which  pro- 
perty we  should  remain  entirely  ignorant  of  those 
traits  of  countenance  which  characterize  us  in  the 
eyes  of  others. 

But  what  is  the  nature  of  this  substance  we 
call  ll(/ht,  wiiich  thus  unfolds  to  us  the  scenes  of 
creation?  On  this  subject  two  leading  opinions 
have  prevailed  in  the  philosophical  world.  One 
of  these  opinions  is,  that  the  whole  sphere  of  the 
universe  is  filled  with  a  subtile  matter,  which  re- 
ceives from  luminous  bodies  an  agitation  which  is 
Incessantly  continued,  and  which,  by  its  vibratory 
motions,  enables  us  to  perceive  luminous  bodies. 
According  to  this  opinion,  light  maybe  considered 
as  analogous  to  sound,  which  is  conveyed  to  the  ear 
by  the  vibratory  motions  of  the  air.  This  was  the 
hypothesis  of  Descartes,  which  was  adoi)ted,  with 
some  modifications,  by  the  celebrated  Euler,  Huy- 
gens,  Franklin,  and  other  philosophers,  and  has 
been  admitted  by  several  scientific  gentlemen  of 
the  present  day.  The  other  opinion  is,  that  light 
consists  of  the  emission  or  emanation  of  the  par- 
ticles of  luminous  bodies,  thrown  out  incessantly 


on  all  sides,  in  consequence  of  the  continued  agi- 
tation it  ^periences.  Tliis  is  the  hypothesis  of 
the  illustiious  Newton,  and  has  been  most  gener- 
ally adopted  by  British  philosophers. 

To  the  first  hypothesis  it  is  objected  that,  if 
true,  ''  liglit  would  not  only  spread  itself  in  a  di- 
rect line,  but  its  motion  would  be  transmitted  iu 
every  direction  like  that  of  sound,  and  would  con- 
vey the  impression  of  luminous  bodies  in  the  re- 
gions of  space  beyond  the  obstacles  that  intervene 
to  stop  its  progress."  No  wall  or  other  opaque 
body  could  obstruct  its  course,  if  it  undulated  in 
every  direction  like  sound;  and  it  would  be  a 
necessary  consequence,  that  we  should  have  no 
night,  nor  any  such  plienomena  as  ecHpsPs  of  the 
sun  or  moon,  or  the  satellites  of  Jupiter  and 
Saturn.  Tliis  objection  has  never  been  very 
satisfactorily  answered.  On  the  other  hand,  Eu- 
ler brings  forward  the  following  objections  against 
the  Newtonian  doctrine  of  emanation.  1.  That, 
were  the  sun  emitting  continually,  and  in  all  di- 
rections, such  floods  of  luminous  matter,  with  a 
velocity  so  prodigious,  he  must  speedily  be  ex- 
hausted, or  at  least  some  alteration  must,  after  the 
lapse  of  so  many  ages,  be  perceptible.  2.  That . 
the  sun  is  not  the  only  body  that  emits  rays,  but 
that  all  the  stars  have  the  same  quality;  and  as 
everywhere  the  raj-s  of  the  sun  must  be  crossing 
j  the  rays  of  the  stars,  their  collision  must  be  vio- 
lent in  the  extreme,  and  that  tlieir  direction  must 
be  changed  by  such  a  collision.* 

To  the  first  of  these  objections  it  is  answered, 
that  so  vast  is  the  tenuity  of  light,  that  it  utterly 
exceeds  the  power  of  conception:  the  most  deli- 
cate instrument  having  never  been  certainly  put 
in  motion  by  the  impulse  of  the  accumulated 
sunbeams.  It  has  been  calculated  that  in"  the 
space  of  385,130,000  Egyptian  years  (of  360 
clays),  the  sun  would  lose  only  the  l-l,217,420th 
of  his  bulk  from  the  continual  efflux  of  his  light. 
And,  therefore,  if  in  385  millions  of  years  the 
sun's  diminution  would  be  so  extremely  small,  it 
would  be  altogether  insensible  during  the  com- 
paratively short  |)eriod  of  five  or  six  thousand 
years.  To  the  second  objection  it  is  replied,  that 
the  particles  of  light  are  so  extremely  rare  that 
their  distance  from  one  to  another  is  incompara- 
bly greater  than  their  diameters;  that  all  objec- 
tions of  this  kind  vanish  when  we  attend  to  the 
continuation  of  the  impression  upon  the  retina, 
and  to  the  small  number  of  luminous  particles 
which  are  on  thataccount  necessary  for  producing 
constant  vision.  For  it  ajipears,  from  the  accu- 
rate experiments  of  M.  D'Arcy,  that  the  impres- 
sion of  light  upon  the  retina  continues  eighi-thircUf 
and  as  a  particle  of  light  would  move  through 
26,000  miles  in  that  lime,  constant  vision  would  bo 
maintained  by  a  succession  of  luminous  particles 
twenty-six  thousand  miles  distant  from  each  other. 
Without  attempting  to  decide  on  the  merits  of 
these  two  hypotheses,  I  shall  leave  the  reader  to 
adopt  that  opinion  which  he  may  judge  to  be  at- 
tended with  the  fewest  difficulties,  and  proceed  to 
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illustrate  some  of  the  properties  of  light;  and  in 
the  discussion  of  tliis  subject  I  shall  generally  ad- 
here to  the  terms  employed  by  those  who  have 
adopted  the  hypothesis  of  the  emanation  of  liplit. 

1.  LiyJit  emanates  or  radiates  from  luminrus 
bodies  in  a  strai(/ht  line.  Tiiis  property  is  proved 
by  the  impossibility  of  seeing  light  througli  bent 
tubes,  or  small  holes  pierced  in  metallic  plates 
placed  one  behind  another,  except  the  holes  be 
placed  in  a  straight  line.  If  we  endeavor  to  look 
at  the  sun  or  a  candle  through  the  boi'e  of  a 
bended  pipe,  we  cannot  perceive  the  object,  nor 
any  light  proceeding  from  it,  but  through  a 
strain-lit  pipe  the  object  may  be  perceived.  This 
is  likewise  evident  from  the  form  of  the  rays  of 
light  that  penetrate  a  dark  roon),  which  proceed 
straiglit  forward  in  lines  proceeding  from  tlif  lu- 
minous body;  and  from  the  form  of  the  shodoics 
which  bodies  project  that  are  bounded  by  right 
lines  passing  from  the  luminous  body,  and  meet- 
ing the  lines  which  terminate  the  interposing 
body.  This  ])roperty  may  be  demonstrated  to  the 
eye  by  causing  light  to  pass  through  small  holes 
into  a  dark  room  tilled  with  smoke  or  dust.  It  is 
to  be  understood,  however,  that  in  this  case  the 
rays  of  light  are  considered  as  passing  througrh  tb.e 
same  medium;  for  when  they  pass  from  air  into 
water,  glass,  or  other  media,  they  are  bent  at  the 
point  where  tliey  enter  a  different  medium,  as  we 
shall  afterward  have  occasion  to  explain. 

2.  Light  moves  icifh  amazing  velocitij.  The  an- 
cients believed  that  it  was  propagated  from  the 
sun  and  other  luminous  bodies  instantaneously; 
but  the  observations  of  modern  astronomers  have 
demonstrated  that  this  is  an  erroneous  hypothesis, 
and  that  light,  like  other  projectiles,  occupies  a 
certain  time  in  passing  from  one  part  of  space  to 
another.  Its  velocity,  however,  is  prodigious,  and 
exceeds  that  of  any  other  body  w'th  which  we 
are  acquainted.  It  flies  across  the  earth's  orbit,  a 
ppace  of  190  millions  of  miles  in  extent,  in  the 
course  of  sixteen  and  a  half  minutes,  which  is  at 
the  rate  of  192,000  miles  everj'  second,  and  more 
than  a  million  of  times  swifter  than  a  cannon  ball 
flying  with  its  greatest  velocity.  It  appears  from 
the  discoveries  of  Dr.  Bradley,  respecting  the  ab- 
erration of  the  stars,  that  ligiit  flies  from  these 
bodies  with  a  velocity  similar,  if  not  exactly  the 
saiqe;  so  that  the  ligiit  of  the  sun,  the  planets, 
the  stars, and  every  luminous  body  in  the  universe 
is  propagated  with  uniform  velocity,*  But,  if  the 
velocity  of  light  be  so  very  great,  it  may  be 
asked,  how  docs  it  not  strike  against  all  objects 
vvitii  a  force  equal  to  its  velocity?  If  the  finest 
sand  were  thrown  against  our  bodies  with  the 
hundredth  part  of  this  velocity,  each  grain  would 
pierce  us  as  certainly  as  the  sharpest  and  swiftest 
arrows  from  a  how.  It  is  a  principle  in  mechan- 
ics that  the  force  with  which  all  bodies  strike  is  in 
proportion  to  the  size  of  these  bodies,  or  the 
quantity  of  matter  they  contain,  multiplied  by 
the  velocity  with  which  they  move.  Therefore, 
if  the  particles  of  light  were  not  almost  infinitely 
small,  they  would,  of  necessity,  prove  destructive 
in  the  highest  degree.  If  a  particle  of  light  were 
equal  in  size  to  the  twelve  hundred  thousandth 
part  of  a  small  grain  of  sand — supposing  light  to 
be  material — v.'e  should  be  no  more  able  to  with- 
stand its  force  than  we  should  that  of  sand  shot 
point  blank  from  the  mouth  of  a  cannon.  Every 
object  would  be  battered  and  perforated  by  such 


*  The  manner  in  wliicli  the  motion  fff  li<;ht  was  discov- 
ereil  is  explained  in  the  author's  work,  entitled,  "  Celestial 
Scenery;"  and  the  circumstances  which  led  to  the  discovery 
of  the  aberration  of  light  are  stated  and  illustrated  in  his 
volume  00  the  "  Sidereal  Heavenj." 


celestial  artillery,  until  our  world  were  laid  in  ru- 
ins, and  every  living  b°ing  destroyed.  And  herein 
are  the  wisdom  and  benevolence  of  the  Creator 
displayed  in  making  the  particles  of  light  so  ex- 
tremely small  as  to  ri^nder  them  in  some  degree 
proportionate  to  the  greatness  of  the  force  with 
which  they  are  impelled;  otherwise,  all  Jiature 
would  LbBve  been  thrown  into  ruin  and  confusion, 
and  the  great  globes  of  the  universe  shattered  to 
atoms. 

We  have  many  proofs,  beside  the  above,  thai 
the  particles  of  light  are  next  to  infinitely  small. 
We  find  that  tliey  penetrate  with  facdily  the  hard- 
est substances,  such  as  crystal,  glass,  various  kinds 
of  precious  stones,  and  even  the  diamond  itself, 
though  among  the  hardest  of  stones;  for  such 
bodies  could  not  be  transparent,  unless  ligiit  found 
an  easy  passage  through  their  pores.  When  a 
candle  is  lighted  in  an  elevated  situation,  in  the 
space  of  a  second  or  two  it  will  fill  a  cubical 
space  (if  there  be  no  interru[ition)  of  two  milea 
around  it,  in  every  direction,  with  luminous  par- 
ticles, before  the  least  sensible  part  of. its  substance 
is  lost  by  the  candle:  that  is,  it  will  in  a  short  in- 
stant fill  a  sphere  four  miles  in  diameter,  twelve 
and  a  half  miles  in  circumference,  and  containing 
thirty-three  and  a  half  cubical  miles,  with  parti- 
cles of  light;  for  an  eye  placed  in  any  part  of  this 
cubical  space  would  perceive  the  light  emitted  by 
the  candle.  It  has  been  calculated  that  the  num- 
ber of  particles  of  light  contained  in  such  a  space 
cannot  be  less  than  four  hundred  septillions  —  a 
number  which  is  s«,r  billions  of  times  greater  than 
the  number  of  grains  df  sand  which  could  be 
contained  in  the  whole  eartii  considered  as  a  solid 
globe,  and  supposing  each  cubic  inch  of  it  to  con- 
tain ten  hundred  thousand  grains.  Such  is  the 
inconceivable  tenuity  of  that  substance  which 
emanates  from  all  lumi)ious  bodies,  and  vhich 
gives  beauty  and  splendor  to  the  liniverse  ' 
This  may  also  be  evinced  by  the  fo'lowing  exper- 
iment: Make  a  small  pin-hole  ir.  a  p'ece  of  blacl< 
paper,  and  hold  the  paper  Uf-righ*.  facing  a  row 
of  candles  placed  near  each  other,  and  at  a  little 
distance  behind  the  black  p^.Tper  place  a  piece  of 
white  pasteboard.  On  this  pasteboard  the  rays 
which  flow  from  all  the  candles  through  the  small 
hole  in  ihe  black  paper,  will  form  as  many  specks 
of  light  as  there  are  candles,  each  speck  being  as 
clear  and  distinct  as  if  there  were  only  one  speck 
from  a  single  candle.  This  experiment  shows 
that  the  streams  of  light  from  the  different  can- 
dles pass  tlirough  the  small  holj  without  confu- 
sion, and,  consequently,  that  the  particles  of  light 
are  exceedingly  small.  For  the  same  leason  wb 
can  easily  see  through  a  small  hole  not  more  than 
1-lOOth  of  an  inch  in  diameter,  the  sky,  the  trees, 
houses,  and  nearly  all  the  objects  in  an  extensive 
landscape,  occupying  nearly  an  entire  hemisphere, 
the  light  of  all  which  may  pass  through  this  small 
aperture, 

.3.  Light  is  sent  forth  in  all  direc/ions  from  every 
vifiible  point  of  Inminous  bodies.  If  we  hoVd  a 
sheet  of  paper  before  a  cauiile,  or  the  sun,  or  anj 
other  source  of  light,  we  shall  find  that  the  pupei 
is  illuminated  in  whatever  position  we  hold  it,  pro 
vided  the  light  is  not  obstructed  by  its  edge  or  bj 
any  other  body.  Hence,  wherever  a  spectator  it 
placed  with  regard  1o  a  luminous  body,  every 
point  of  that  part  of  its  surface  vi'hich  is  toward 
him  will  be  visible,  when  no  intervening  object 
intercepts  the  passage  of  the  light.  Hence,  like- 
wise, it  follows  that  the  sun  illuminates  not  only 
an  immense  plane  extending  along  the  paths  of 
the  pJanets,  from  the  one  side  of  the  orbit  of  Ura- 
nus to  the  other,  but  the  whole  of  that  sphere^ 
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or  solid  space,  of  which  the  distance  of  Uranus 
is  the  radius.  Tlie  diameter  of  tliis  sphere  is 
three  tliousand  six  hundred  millioDS  of  miles,  and 
it  consequently  contains  about  2{,flO!J,000,000,- 
000,000,000,000,000,000,  or  twenty-four  thousand 
quartilUons  of  cubical  miles,  every  point  of  which 
immense  space  is  filled  with  the  solar  beams.  Not 
only  so,  but  the  whole  cubical  space  which  inter- 
venes between  the  sun  and  the  nearest  tixed  stars 
is  more  or  less  illuminated  by  his  rays.  For,  at 
the  distance  of  Sirius,  or  any  other  of  the  nearest 
stars,  the  sun  would  be  visible,  though  only  as  a 
small,  twinklinjj  orb;  an;!,  consequently,  liis  rays 
must  be  diffused,  liovvever  faint,  throughout  the 
most  distant  spaces  whence  lie  is  visible.  The 
diameter  of  this  immense  sphere  of  light  cannot 
be  leas  than  foTtij  billions  of  miles,  and  its  solid 
contents  33,500,000,000,000,000,000,000,000,000,- 
000,000,000,000,  or  thirty-three  thousand  five 
hundred  sextillions  of  cubical  miles.  All  this  im- 
mense and  incomprehensible  space  is  filled  with 
the  radiations  of  the  solar  orb;  for  were  an  eye 
placed  in  anj'  one  point  of  it,  where  no  extraneous 
body  interposed,  tlie  sun  would  be  visible  either  as 
a  large  luminous  orb,  or  as  a  small  twinkling  star. 
But  he  can  be  visible  only  by  the  rays  he  emits, 
and  which  enter  the  organs  of  vision.  How  in- 
conceivably immense,  tlien,  must  be  the  quantity 
of  rays  which  are  thrown  off  in  all  directions 
from  that  luminary  which  is  the  source  of  our 
day!  Every  star  must  likewise  be  considered  as 
emitting  innumerable  streams  of  radiance  over  a 
space  equally  extensive;  so  that  no  point  in  the 
universe  can  be  conceived  where  absolute  dark- 
ness prevails,  unless  in  the  interior  regions  of 
planetary  bodies. 

4.  The  effect  nf  liglit  upon  the.  eye  is  not  instanta- 
neous, but  continues  for  a  short  space  of  time.  This 
may  be  proved  and  illustrated  by  the  following 
sxamples:  if  a  stick,  or  a  ball  connected  with  a 
string,  be  whirled  round  in  a  circle,  and  a  certain 
degree  of  velocity  given  it,  the  object  will  appear 
to  fill  the  whole  circle  it  describes.  If  a  lighted 
firebrand  be  whirled  round  in  the  same  rapid  man- 
ner, a  complete  circle  of  light  will  be  exhibited. 
This  experiment  obviously  shows  that  the  impres- 
sion made  on  the  eye  by  the  light  from  the  ball 
or  the  firebrand,  when  in  any  given  point  of  the 
circle,  is  sufficiently  lasting  to  remain  until  it  has 
described  the  whole  circle,  and  again  renews  its 
effect  as  often  as  the  circular  motion  is  continued. 
The  same  is  proved  by  the  following  considera- 
tions: we  are  continually  shutting  our  eyes,  or 
winking;  and,  during  the  time  our  eyes  are  shut 
on  such  occasions,  we  s'.iould  lose  the  view  of 
surrounding  objects  if  the  impression  of  light  did 
not  continue  a  certain  time  while  the  eyelid  cov- 
ers the  pupil;  but  experience  proves  tb.at  during 
such  vibrations  of  the  ayelids  the  light  from  sur- 
rounding objects  is  not  sensibly  intercepted.  If 
we  look  for  some  time  steadily  at  the  light  of  a 
candle,  and  particularly  if  we  look  directly  at  the 
sun,  without  any  interposing  medium,  or  if  we 
look  ,for  any  coui-iderable  time  at  this  luminary 
through  a  telescope  with  a  colored  glass  interposed 
—  in  all  these  cases,  if  we  shut  our  eyes  immedi- 
ately after  viewing  such  objects,  we  shall  still  per- 
ceive a  faint  image  of  the  object  by  tlie  impres- 
sion which  its  light  has  made  upon  our  eyes. 

"  With  respect  to  the  duration  of  the  impres- 
sion of  light,  it  has  been  observed  that  the  teeth 
of  a  cogwheel  in  a  (Jock  were  still  visible  in  suc- 
cession, when  the  velocity  of  rotation  brought 
246  teeth  through  a  given  fixed  point  in  a  second. 
In  this  case  it  is  cluar  that  if  the  impression  made 
on  the  eye  by  the  light  reflected  from  any  tooth 


had  lasted  without  sensible  iiminution  for  the 
24Gth  part  of  a  second,  the  teeth  would  have 
formed  one  unbroken  line,  because  a  new  tooth 
would  have  continually  arrived  in  the  place  of  the 
anterior  one  before  its  image  could  have  disap- 
peared. If  a  live  coal  be  whirled  round,  it  is  ob- 
served that  the  luminous  circle  is  complete  when 
the  rotation  is  performed  in  the  Sl-GOili  part  of 
a  second.  In  this  instance  we  see  that  the  im- 
pression was  much  more  durable  than  the  former. 
Lastly,  if  an  observer  sitting  in  a  room,  direct  his 
sight,  through  a  window,  to  any  particular  object 
out  of  doors,  for  about  half  a  miiiule,  and  tlieu 
shut  his  eyes  and  cover  them  with  his  hands,  he 
will  still  continue  to  see  the  window,  together 
with  the  outline  of  the  terrestrial  objects  border- 
ing on  the  sky.  This  appearance  will  remain  for 
near  a  minute,  though  occasionally  vanishing  and 
clianging  color  in  a  manner  that  brevity  forbida 
our  minutely  describing.  From  these  facts  we 
are  authorized  to  conclude  that  all  impressions  of 
light  on  the  eye  last  a  considerable  time;  tliat  the 
brightest  objects  make  the  most  lasting  impres- 
sions; and  that,  if  the  object  be  very  bright,  or 
the  eye  weak,  the  impression  may  remain  for  a 
time  so  strong  as  to  mix  with  and  confuse  tlie 
subsequent  impressions  made  by  other,  objects. 
In  the  last  case  the  eye  is  said  to  be  dazzled  by 
the  ligl.t.'"* 

The  following  experiment  has  likewise  been 
suggested  as  a  proof  of  the  impression  which 
light  makes  upon  the  eye:  If  a  card,  on  both  sides 
of  which  a  figure  is  drawn,  for  example,  a  bird 
and  a  cage,  be  made  to  revolve  rapidly  on  the 
straight  line  which  divides  it  symmetrically,  the 
eye  will  perceive  both  figures  at  the  same  time, 
provided  they  return  successively  at  the  same 
place.  M,  D'Arcy  found  by  various  experiments 
that,  in  general,  the  impression  which  light  pro- 
duces on  the  eye  lasts  about  the  eighth  of  a  second. 
M.  Plateau,  of  Brussels,  found  that  the  impression 
of  different  colors  lasted  the  following  periods, 
the  numbers  here  stated  being  the  decimal  parts 
of  a  second:  Hame,  0.242,  or  nearly  one-fourth 
of  a  second;  burning  coal,  0.229;  white,  0.1S2, 
or  a  little  more  than  one-sixth  of  a  second;  blue, 
0.186:  yellow,  0.173;  red,  0:184. 

5.  Ligld,  though  extremely  minute,  is  supposed 
to  have  a  certain  degree  of  force  or  momentum.  In 
order  to  prove  this,  the  late  ingenious  Mr.  Mitchell 
contrived  the  following  experiment:  He  construc- 
ted a  small  vane  in  the  form  of  a  common  weath- 
ercock, of  a  very  thin  plate  of  copper,  about  an 
inch  square,  and  attached  to  one  of  the  finest 
harpsichord  wires  about  ten  inches  long,  and  nicely 
balanced  at  the  other  end  of  the  Vv'ire  by  a  grain 
of  very  small  shot.  The  instrument  had  also 
fixed  to  it,  in  the  middle,  at  right  angles  to  the 
length  of  the  wire,  and  in  a  horizontal  direction, 
a  small  bit  of  a  very  slender  sewing  needle,  about 
half  an  inch  Ipng,  which  was  made  magnetical. 
In  this  state  the  whole  instrument  might  weigh 
about  ten  grains.  The  vane  was  supported  in 
the  manner  of  the  needle  in  the  mariner's  com- 
pass, so  that  it  could  turn  with  the  greatest  ease; 
and  to  prevent  its  being  affected  by  the  vibra- 
tions of  the  air,  it  was  inclosed  in  a  glass  case  or 
box.  The  rays  of  the  sun  were  then  thrown  upon 
the  broad  part  of  the  vane,  or  copper  plate,  from 
a  concave  mirror  of  about  two  feet  diameter, 
which,  passing  through  the  front  glass  of  the  box, 
were  collected  into  the  focus  of  the  mirror  upon 
the  copper  plate.  In  consequence  of  this,  the 
plate  began  to  move  with  a  slow  motion  of  about 

*  Nicholson's  Introduction  to  Natural  Philosophy,  vol,  1, 
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an  inch  in  a  second  of  time,  until  it  had  moved 
through  a  space  of  about  two  inclies  and  a  half, 
when  it  struck  against  the  back  of  the  box.  Tlie 
mirror  being  removed,  tlie  instrument  returned  to 
its  former  situation,  and  the  rays  of  the  sun  being 
again  thrown  upon  it,  it  again  began  to  move,  and 
struck  against  the  back  of  tiie  box  as  before.  This 
was  repeated  three  or  four  limes  with  the  same 
euccess. 

On  the  above  experiment  the  following  calcula- 
tion has  been  founded:  if  we  impute  the  motion 
|)roduced  in  this  experiment  to  the  impulse  of  the 
rays  of  light,  and  suppose  that  the  instrument 
weighed  ten  grains,  and  acquired  a  velocity  of  one 
inch  in  a  second,  we  shall  find  that  the  quantity 
of  matter  contained  in  the  rays  falling  upon  the 
instrument  in  that  time  amounted  to  no  more 
than  one  twelve  hundredth-millionth  part  of  a 
grain,  the  velocity  of  light  exceeding  the  velocity 
of  one  inch  in  a  second  in  the  proportion  of  about 
12,000,000,000  to  1.  The  light,  in  tiiis.-xperimeut, 
was  collected  from  a  surface  of  about  three  square 
feet,  %vhicii,  reflecting  only  about  half  what  falls 
upon  it,  the  quantity  of  matter  contained  in  the 
rays  of  the  sun  incident  upon  a  foot  and  a  half  of 
surface  in  one  second  of  time,  ought  to  be  no  more 
than  the  twelve  hundredth-millionth  part  of  a 
grain.  But  the  density  of  the  rays  of  light  at  the 
surface  of  the  sun  is  greater  than  that  at  the 
earth  in  the  proportion  of  4.5,000  to  1  ;  there 
ought,  therefore,  to  issue  from  one  square  foot  of 
the  sun's  surface  in  one  second  of  time,  in  order 
to  supply  the  waste  of  light,  4-5,^o-oth  part  of  a 
grain  of  matter,  that  is,  a  little  more  than  two 
grains  a  day,  or  about  4,752,000  grains,  or  670 
pounds  avoirdupois,  nearly,  in  6,000  years ;  a 
quantity  which  would  have  shortened  the  sun's 
diameter  no  nirve  than  about  ten  feet,  if  it  were 
formed  of  the  aensity  of  water  only- 

If  the  above  experiment  be  considered  as  having 
been  accurately  performed,  and  if  the  calculations 
founded  upon  it  be  correct,  it  appearr  that  there 
can  be  no  grounds  for  apprehension  thai  the  sun 
can  ever  be  sensibly  diminished  by  the  immense 
and  incessant  radiations  proceeding  from  his  body 
on  th^  supposition  that  light  is  a  material  emana- 
tion. For  the  diameter  of  the  sun  is  no  less  than 
880,000  miles  ;  and,  before  this  diameter  could  be 
shortened,  by  the  emission  of  light,  one  English 
mile,  it  would  require  three  millions  one  hundred 
and  sixty-eight  thousand  years,  at  the  rate  now 
stated;  and,  before  it  could  be  shortened  ten  miles, 
it  would  require  a  period  of  above  thirty-one  mil- 
lions of  years.  And  although  the  sun  were  thus 
actually  diminished,  it  would  produce  no  sensible 
effect  or  derangement  throughout  the  planetary 
system.  We  have  no  reason  to  beli -ve  that  the 
system,  in  its  present  state  and  arrunyements,  was 
intended  to  endure  forever;  and  before  that  lumi- 
nary could  be  so  far  reduced,  during  cue  revolu- 
tions of  eternity,  as  to  produce  an.y  irregularities 
in  the  system,  new  arrangements  and  modifica- 
tions might  be  introduced  by  the  hand  of  the  All- 
wise  and  Omnipotent  Creator.  Beside,  it  is  not 
improbable  that  a  system  of  means  is  established 
by  v.'hich  the  sun  and  all  the  luminaries  in  the 
universe  receive  back  again  a  portion  of  the 
light  which  they  are  continually  emitting,  either 
from  the  planets  from  whose  surfaces  it  is  reflect- 
ed, or  from  the  millions  of  stars  whose  rays  are 
continually  traversing  the  immense  spaces  of  cre- 
ation, or  from  some  other  sources  to  us  unknown. 

6.  The  intensity  of  light  is  diminished  in  propor- 
tion to  the  square  of  the  distance  from  the  luminous 
body.  Thus,  a  person  at  two  feet  distance  from  a 
candle,  has  only  the  fourth  part  of  the   light  he 


would  have  at  one  foot ;  at  tliree  feet  distance,  the 
ninth  part;  at  four  feet,  the  sixteenth  part;  at  five 
feet,  the  twenty-fifth  part;  and  so  on  for  other 
distances.  Hence  the  light  received  by  the  ]>lanets 
of  the  solar  system  decreases  in  proportion  to  the 
squares  of  the  distances  of  these  bodies  from  the 
sun.  This  may  be  illustrated  by  the  following 
figure : 

Fig.  1. 


Suppose  the  light  which  flows  from  a  point  A, 
and  passes  through  a  square  hole,  B,  is  received 
upon  a  plane,  C,  parallel  to  the  plane  of  the  hole — 
or  let  the  figure  C  be  considered  as  the  shadow  of 
the  plane  U.  When  the  distance  of  C  is  double 
of  B,  the  length  and  breadth  of  the  shadow,  C, 
will  be  each  double  of  the  length  and  breadth  of 
the  plane  B,  and  treble  when  A  D  is  treble  of  A 
B,  and  so  on,  which  may  be  easily  examined  by 
the  light  of  a  candle  placed  at  A.  Therefore  the 
surface  of  the  shadow  C,  at  the  distance  A  G — 
double  of  yl  B,  is  divisible  into  four  squares,  and, 
at  a  treble  distance,  into  nine  squares,  severally 
equal  to  the  square  B,  as  represented  in  the 
figure.  The  light,  then,  which  falls  upon  the 
plane  B  being  suffered  to  pass  to  double  that  dis- 
tance, will  be  uniformly  spread  over  four  times 
the  space,  and,  consequently,  will  be  four  times 
thinner  in  every  part  of  that  space.  And,  at  a 
treble  distance,  it  will  be  nine  times  thinner,  and, 
at  a  quadruple  distance,  sixteen  times  thinner  than 
it  was  at  first.  Consequently,  the  quantities  of 
this  rarefied  light  received  upon  a  surface  of  any 
given  size  and  shape,  when  removed  successively 
to  their  several  distances,  will  be  but  one-fourth, 
one-ninth,  one-sixteenth  of  the  whole  quantity 
reci'ived  by  it  at  the  first  distance,  A  B. 

In  conformity  with  this  law,  the  relative  quan- 
tities of  light  on  the  surfaces  of  the  planets  may 
be  easily  determined  when  their  distances  from 
the  sun  are  known.  Thus,  the  distance  of  Uranus 
from  the  sun  is  1,600,(100,000  miles,  which  is 
about  nineteen  times  greater  than  the  distance  of 
the  earth  from  the  same  luminary.  The  square 
of  19  is  361;  consequently,  the  earth  enjoys  .361 
times  the  intensity  of  light,  vhen  compared  with 
that  of  Uranus;  in  other  word^,  this  distant  planet 
enjoys  only  the  -J- j-  part  of  the  quantity  of  light 
which  falls  upon  the  earth.  This  quantity,  how- 
ever, is  equivalent  to  the  light  we  should  enjoy 
from  the  combined  effulgence  of  348  full  nioons; 
and  if  the  pupils  of  the  eyes  of  the  inhabitants 
of  this  planet  be  much  larger  tl'.an  ours,  and  the 
retina  of  the  eye  be  indued  with  a  much  greater 
degree  of  nervous  sensibility,  they  may  perceive 
objects  with  as  great  a  degree  of  splendor  as  we 
perceive  on  the  objects  which  surround  us  in  this  ' 
world.  Following  out  the  same  principle,  we 
find  that  the  quantity  of  light  enjoyed  by  fhe 
planet  Mercury  is  nearly  seven  times  greater  than 
that  of  the  Earth,  and  that  of  Venus  nearly 
double  of  what  we  enjoy;  that  Mars  has  less  than 
the  one-half;  Ju])iter  the  one-tu-enty-seventh  part; 
and  Saturn  only  the  one-ninetieth  part  of  the  light 
which  falls  upon  the  Earth.  That  the  light  of 
these  distant  planets,  however,  is  not  so  weak  oa 
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we  might  first  imagine,  appears  from  the  brillian- 
cy they  exhibit,  when  viewed  in  our  nocturnal 
sky,  either  with  the  telescope  or  with  the  unas- 
eisted  eye  ;  and  likewise  from  the  circumstance 
that  a  very  small  portion  of  the  Suu — such  as  the 
one-fortieth  or  one-fifiieth  part — diffuses  a  quan- 
tity of  light  sufficient  for  most  of  the  purposes  of 
life,  as  is  found  in  the  case  of  total  eclipses  of  the 
Sun,  when  his  western  limb  begins  to  be  visible, 
only  like  a  fine  luminous  thread,  for  his  light  is 
then  sufficient  to  render  distinctly  visible  all  the 
parts  of  the  surrounding  landscape. 

7.  It  is  by  ii'jht  r(jlected  from  opaque  bodies  that 
most  of  the  objects  around  us  are  rendered  oisible. — 
When  a  lighted  candle  is  brought  into  a  dark 
room,  not  only  the  candle,  but  all  other  bodies  in 
the  room  become  visible.  Rays  of  the  sun,  pass- 
ing into  a  dark  room,  render  luminous  a  sheet  of 
paper  on  which  they  fall,  and  this  sheet,  in  its 
turn,  enlightens,  to  a  certain  extent,  the  whole 
apartment,  and  renders  objects  in  it  visible  so  long 
as  it  receives  the  rays  of  the  sun.  In  like  manner, 
the  moon  and  the  planets  are  opaque  bodies,  but 
the  light  of  the  sun  falling  upon  them,  and  being 
reflected  from  their  surfaces,  renders  them  visible. 
Were  no  light  to  fall  on  them  from  the  sun,  or 
were  they  not  indued  with  a  power  of  reflecting 
it,  they  would  be  altogether  invisible  to  our  sight. 
When  the  moon  comes  between  us  and  the  sun, 
as  in  a  total  eclipse  of  that  luminarj',  as  no  solar 
light  is  reflected  from  the  surface  next  the  earth, 
she  is  invisible,  only  the  curve  or  outline  of  her 
figure  being  distinguished  by  her  shadow.  In 
this  case,  however,  there  is  a  certain  portion  of 
reflected  light  on  the  lunar  hemisphere  next  the 
earth,  though  not  distinguishable  during  a  solar 
eclipse.  The  earth  is  enlightened  by  the  sun,  and 
a  portion  of  the  rays  which  fall  upon  it  is  reflected 
upon  the  dark  hemisphere  of  the  moon  which  is 
then  toward  the  earth.  This  'reflected  light  fiom 
the  earth  is  distinctly  perceptible,  when  the  moon 
appears  as  a  slender  crescent,  two  or  three  days 
after  new  moon — when  the  earth  reflects  its  light 
back  on  the  moon,  in  the  same  manner  as  the  full 
moon  reflects  her  light  on  the  earth.  Hence,  even 
at  this  period  of  t!ie  moon,  her  whole  face  be- 
comes visible  to  us,  but  its  light  is  not  uniform  or 
of  equal  intensity.  The  thin  crescent  on  which 
the  full  blaze  of  the  solar  light  falls,  is  very  bril- 
liant and  distinctly  seen,  wliile  the  other  part,  on 
which  falls  only  a  comparatively  feeble  light  from 
the  earth,  appears  very  faint,  and  is  little  more 
than  visible  to  the  naked  eye,  but  with  a  telescope 
of  moderate  power — if  the  atmosphere  be  very 
clear — it  appears  beautifully  distinct,  so  that  the 
relative  positions  of  many  of  the  lunar  spots  may 
be  distinguished. 

The  intensity  of  reflected  light  is  very  small, 
when  compared  with  that  whicli  proceeds  directly 
from  luminous  bodies.  M.  Bouguer,  a  French 
philosopher,  who  made  a  variety  of  experiments 
to  ascertain  the  proportion  of  light  emitted  by  the 
heavenly  bodies,  concluded  from  these  experi- 
ments, that  the  light  transmitted  from  the  sun  to 
the  earth  is  at  least  300,000  times  as  great  as  that 
which  descends  to  us  from  the  full  moon,  and 
that,  of  .300,000  ravs  which  the  moon  receives, 
from  170,000  to  200,0n0  are  absorbed.  Hence  we 
find  that,  however  brilliant  the  moon  may  appear 
at  night,  in  the  day-time  she  appears  as  obscure  as 
a  small  portion  of  dusky  cloud  to  which  she  hap- 
pens to  be  adjacent,  and  reflects  no  more  light 
tlian  a  portion  of  whitish  cloud  of  the  same  size. 
And  as  the  full  moon  fills  only  the  uinety-thou- 
Bandth  part  of  the  sky,  it  would  require  at  least 
ninety    thousand    moons   to    produce    as   much 


light  as  we  enjoy  in  the  day-time  under  a  cloudy 
sky. 

As  the  moon  and  the  planets  are  rendered  visi- 
ble to  us  only  by  light  reflected  from  their  surfaces, 
so  it  is  in  the  same  way  that  the  images  of  most 
of  the  objects  around  us  are  conveved  to  our  or- 
gans of  vision.  We  behold  all  the 'objects  which 
compose  an  extensive  landscape — the  hills  and 
vales,  the  woods  and  lawns,  the  lakes  and  rivers, 
and  the  habitations  of  man — in  consequence  of 
the  capacity  with  which  they  are  indued  of  send- 
ing forth  reflected  rays  to  the  eye,  from  every 
point  of  their  surfaces  and  in  all  directions,  la 
connection  v/ith  the  reflection  of  light,  the  fol- 
lowing curious  observation  may  be  stated  :  Baron 
Funk,  visiting  some  silver  mines  in  Sweden,  ob- 
served, that,  •'  in  a  clear  day,  it  was  as  dark  as 
pitch  under  ground  in  the  eye  of  a  pit,  at  sixty 
or  seventy  fathoms  deep;  whereas,  in  a  cloudy  or 
rainy  day,  he  could  see  to  read  even  at  106  fath- 
oms deep.  Inquiring  of  the  miners,  he  was  in- 
formed that  this  is  always  the  case;  and  refli^cting 
upon  it,  he  imagined  it  arose  from  this  circum- 
stance, that,  when  the  atmosphere  is  full  of  clouds, 
light  is  reflected  from  them  into  the  pit  in  all  di- 
rections, and  that  thereby  a  considerable  propor- 
tion of  the  rays  are  reflected  perpendicularly  upon 
the  earth  :  whereas,  when  the  atmosphere  is  clear, 
there  are  no  opaque  bodies  to  reflect  the  light  in 
this  manner,  at  least  in  a  sufficient  quantity;  and 
rays  from  the  sun  himself  can  never  fall  perpen- 
dicularly in  that  country."  The  reason  here  as- 
signed is,  in  all  probability,  the  true  cause  of  the 
phenomenon  now  described. 

8.  It  is  supposed  by  some  philosophers  that 
light  is  subject  to  the  same  lavys  of  attraction  that 
qoi-.ern  all  other  material  substances,  and  that  it  is 
inMbed  and  forms  a  constituent  part  of  certain  bodies. 
This  has  been  inferred  from  the  phenomena  of  the 
Bohqnian  stone,  and  what  are  generally  called  the 
solar  phosphori.  The  Bolognfan  stone  was  first 
discovered  about  the  year  1G3G,  by  Leascariolo,  a 
shoemaker  of  Bologna.  Having  collected  together 
some  stones  of  a  shining  appearance  at  the  bottom 
of  Monte  Paterno,  and  being  in  quest  of  some  al- 
chemical secret,  he  put  them  into  a  crucible  to 
calcine  them;  that  is,  to  reduce  them  to  the  state 
of  cinders.  Having  taken  them  out  of  the  cruci- 
ble, and  exposed  them  to  the  light  of  the  sun,  he 
afterward  happened  to  carry  them  into  a  dark 
place,  when,  to  his  surprise,  he  observed  that  they 
possessed  a  self-illuminating  power,  and  continued 
to  emit  faint  rays  of  light  for  some  hours  after- 
ward. In  consequence  of  this  discovery,  the  Bo- 
lognian  spar  came  into  considerable  demand  among 
natural  philosophers,  and  the  curious  in  general; 
and  the  best  way  of  preparing  it  seems  to  have 
been  hit  upoi;  by  the  family  of  Zugoni,  who  sup- 
plied all  Europe  with  Bolognian  phosphorus  until 
the  discovery  of  more  powerful  phosphoric  sub- 
stances put  an  end  to  their  monopoly.  In  the 
year  1G77,  Baldwin,  a  native  of  Misnia,  observed 
that  chalk,  dissolved  in  aqu;iforlis,  exactly  resem- 
bled the  Bolognian  stone  in  its  property  of  imbib- 
ing light,  and  emitting  it  after  it  was  brought  into 
the  dark;  and  hence  it  has  obtained  the  name  of 
Baldwin's  phosphorus. 

In  1730  M.  Du  Fay  directed  his  attention  to 
this  subject,  and  observed  that  all  earthy  substan- 
ces susceptible  of  calcination,  either  by  mere  fire, 
or  when  assisted  by  the  previous  action  of  nitrous 
acid,  possessed  the  property  of  becoming  more  or 
less  luminous,  when  calcined  artd  exposed  for  a 
short  time  in  the  light;  that  the  most  perfect  of 
these  phosphori  were  limestones,  and  other  kinds 
of  carbonated  lime,  gypsum,  and  particularly  the 
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topaz,  and  thai  some  diamonds  were  also  observed 
to  be  luminous  by  simple  exposure  to  the  sun's 
rays.  Some  time  afterward  Beccaria  discovered 
that  a  great  variety  of  otiier  bodies  were  converti- 
ble into  phospiiori  by  exposure  to  the  mere  light 
of  the  sun,  such  as  organic  animal  remains,  most 
compound  salts,  niter  and  borax — all  the  farina- 
ceous and  oily  seeds  of  vegetable  substances,  all 
the  gums  and  several  of  the  resins — the  white 
woods  and  vegetable  fiber,  either  in  the  form  of 
paper  or  linen;  also  starch  and  loaf-sugar  proved 
to  be  good  phospiiori,  after  being  made  thoroughly 
dry,  and  exposed  to  the  direct  rays  of  the  sun. 
Certain  animal  substances,  by  a  similar  treatment, 
were  also  converted  into  phosphori;  particularly 
bone,  sinew,  glue,  hair,  horn,  hoof,  feathers,  and 
fish-shells.  1"he  same  property  was  communica- 
ted to  rock-crystal  and  some  other  of  the  gems, 
by  rubbing  them  against  each  other  so  as  to  rough- 
en their  surfaces,  and  then  placing  them  for  some 
minutes  in  the  focus  of  a  lens,  by  which  the  rays 
of  liglit  were  concentrated  upon  them  at  the  same 
time  that  thej  were  also  moderately  heated. 

In  the  year  1768,  Mi-.  Canton  contributed  some 
important  facts  in  relation  to  solar  phosphori,  and 
communicated  a  method  of  preparing  a  very  jjow- 
erful  one,  which,  after  the  inventor,  is  usually 
called  Cariton's  phosphorus.  He  affirms  that  his 
phosphorus,  inclosed  in  a  glass  flask,  and  hermeti- 
cally sealed,  retains  its  property  of  becoming  lu- 
minous for  at  least  four  years,  without  any  ajjpar- 
ent  decrease  of  activity.  It  has  also  been  found 
that,  if  a  common  box  smoothing-iron,  heated  in 
the  usual  manner,  be  })laceil  for  half  a  minute  on  a 
sheet  of  dry,  white  paper,  and  the  paper  bo  then  ex- 
posed to  the  light, and  afterward  examined  in  a  dark 
closet,  it  will  be  found  that  the  whole  paper  will 
be  luminous,  that  part,  however,  on  which  the  iron 
had  stood  being  much  more  shining  than  the  rest. 

From  the  above  facts  it  would  stem  that  certain 
bodies  have  the  pow'er  of  imbibing  light  and  again 
emitting  it,  in  certain  circumstances,  and  that  this 
power  may  remain  for  a  considerable  length  of 
time.  It  is  observed  that  the  liglit  wliich  sucli 
bodies  emit,  bears  an  analogy  to  that  which  they 
have  imbibed.  In  general,  the  illuminated  phos- 
phorus is  reddish;  but  when  a  weak  liglit  only  has 
been  admitted  to  it,  or  when  it  has  been  receiv<^d 
through  pieces  of  white  paper,  the  emitted  light  is 
pale  or  whitish.  Mr.  Morgan,  in  the  siiventy-fiflh 
volume  of  the  Philosophical  Transactions,  treats 
the  subject  of  light  at  considerable  length;  and  as 
a  foundation  for  his  reasoning,  he  assumes  the 
following  data:  1.  That  light  is  a  body,  and,  like 
all  others,  subject  to  the  laws  of  attraction.  2. 
That  light  is  a  heterogeneous  body,  and  that  the 
same  attractive  power  operates  with  difP'rent  de- 
grees of  force  on  its  difFi-rent  parts.  To  the  prin- 
ciple of  attraction,  likewise.  Sir  Isaac  Newton  has 
referred  the  most  extraordinar}'  phenomena  of 
liglit.  Refraction  and  Inflection.  He  has  also  en- 
deavored to  show  that  light  is  not  only  subject  to 
the  law  of  attraction,  but  of  repulsion  also,  since 
it  is  repelled  or  reflected  from  certain  bodi:s.  If 
such  principles  be  admitted,  then  it  is  highly  pro- 
bable that  the  phosphorescent  bodies  to  which  we 
have  adverted  have  a  power  of  attracting  or  im- 
bibing the  substance  of  light,  and  of  retaining  or 
giving  it  out  under  certain  circumstances,  and 
that  the  matter  of  light  is  incorporated,  at  least, 
with  the  surface  of  such  bodies;  but  on  this  sub- 
ject, as  on  many  others,  there  is  a  difference  of 
opinion  among  philosophers.* 


•  Light  of  a  pliosphoric  tiiitnre  is  frequently  emitted  from 
Tarious  putrescent  animal  substances,  which,  in  the  ages  of 


9.  Light  is  found  to  produce  a  remarkable  effect 
on  plants  andjlnwers,  and  other  veyelahle  produc- 
tions. Of  all  the  phenomena  which  living  vege- 
tables exhibit,  there  are  few  that  apjiear  more  ex- 
traordinary than  the  energy  and  constancy  with 
which  tlieir  stems  incline  toward  the  liglit.  Most 
of  the  discous  flowers  follow  the  sun  in  his  course. 
They  attend  him  to  his  evening  retreat,  and  meet 
his  rising  luster  in  llie  morning  with  the  same  un- 
erring law.  They  unfold  their  flowers  on  the  ap- 
proacji  of  this  luminary;  they  follow  his  course 
by  turning  on  their  stems,  and  close  them  as  soon 
as  he  disappears.  If  a  plant,  also,  is  shut  up  in  a 
dark  room,  and  a  small  hole  afterward  opened  by 
which  the  light  of  the  sua  may  enter,  the  plant 
will  turn  toward  that  hole,  and  even  alter  its  own 
shape  in  onier  to  get  near  ii;  so  that  though  it 
was  straight  before,  it  will  in  time  become  crooked, 
that  it  may  get  near  the  light.  Vegetables  placed 
in  rooms  where  they  receive  light  only  in  one  di- 
rection, always  extend  themselves  in  that  (iirection. 
If  they  receive  light  in  two  directions,  they  direct 
their  course  toward  that  which  is  strongest.  It  is 
not  the  heat,  but  the  lipht  of  the  sun  which  the 
plant  thus  covets;  for,  though  a  fire  be  kept  in 
the  room,  capable  of  giving  a  much  stronger  heat 
than  the  sun,  the  plant  will  turn  away  from  the 
fire  in  order  to  enjoy  the  solar  light.  Trees  grow- 
ing in  thick  forests,  where  they  only  receive  light 
from  above,  direct  their  shoots  almost  invariably 
upward,  and  therefore  become  much  taller  and 
less  spreading  than  such  as  stand  single. 

Tho  grcpu  color  of  plants  is  likewise  found  to 
depend  on  the  sun's  light  being  allowed  to  sliine 
on  them;  for  without  the  influence  of  the  solar 
light  they  are  always  of  a  white  color.  It  is  found 
by  experiment  that,  if  a  plant  which  has  been 
reared  in  darkness  be  exposed  to  the  light  of  dcy, 
in  twc^  or  three  days  it  will  acquire  a  green  color 
perceptibly  similar  to  that  of  plants  which  have 
grown  in  open  daylight.  If  we  expose  to  the  light 
one  part  of  the  plant,  whether  leaf  or  branch,  this 
part  alone  will  become  green.  If  we  cover  any 
part  of  a  leaf  with  an  opaque  substance,  this  place 
will  remain  white,  while  tlte  rest  becomes  green. 
The  whiteness  of  the  inner  leaves  of  cabbages  is 
a  partial  effect  of  tbe  same  cause,  an.l  many  other 
examples  of  the  same  kind  might  easily  be  pro- 
duced.    M.  DecandoUe,  who  seems  to  have  paid 


superstition,  served  to  astonish  and  affright  the  timorous. — 
We  learn  from  Fabrit-ius,  an  Italian,  thai  tliree  young  men, 
resulino  at  Pailua,  having  Ijought  a  lamb,  and  eaten  part  of 
it  on  Easier  day,  1.59-.',  several  pieces  of  the  remainder, 
vvbicli  tliey  kept  until  the  following  day,  shone  like  so  many 
candles  when  Ihey  were  casually  viewed  in  the  dark.  The 
astonishment  of  the  whole  city  vas  excited  by  this  pheno- 
menon, and  a  part  of  the  flesh  was  sent  to  I'abrioius,  who 
was  professor  of  anatomy,  to  be  examined  by  liim.  Ke  ob- 
served that  those  parts  which  were  sofr  to  the  touch  and  . 
transparent  in  candle-lisht  were  the  most  resplendent;  and 
also  that  some  pieces  of  kid's  flesh  which  had  happened  to 
have  laid  in  contact  with  them  were  luminous,  as  well  as 
the  fingers  and  other  parts  of  the  bodies  of  those  persons 
who  toiicivd  them.  Bartholin  gives  an  account  of  a  simi. 
lar  phenomenon,  which  happened  in  Montpelier,  in  1641. — 
A  poor  woman  had  bought  a  piece  of  Hesu  in  the  market, 
intending  to  make  use  of  it  on  the  follo'Tvlug  day;  but  hap. 
pening  not  to  be  able  to  sleep  well  that  night,  and  her  bed 
and  pantry  being  in  the  same  room,  she  observed  so  mnch 
light  come  from  the  flesh  as  to  illuminate  all  the  place  where 
it  hung.  We  may  judge  of  the  terror  and  astonishment  of 
the  woman  herself,  when  we  find  that  a  pnrt  of  ibis  lumm 
ous  flesh  was  carried  as  a  very  extraordinary  curiosity  to 
Henry,  duke  of  Conde,  the  governor  of  the  plate,  who  viewed 
it  several  hours  with  the  greatest  astonishment.  The  light 
was  as  if  gems  had  been  scattered  over  the  surface,  and 
continued  until  the  flesh  began  to  putrefy,  when  it  vanished, 
which  it  was  believed  to  do  in  the  form  of  a  cro^s.  Hence 
the  propriety  of  instructing  the  mass  of  the  community  in 
the  knowledge  of  the  facts  connected  with  the  material  sys- 
tem, and  the  physical  causes  of  the  various  phenomena  of 
nature. 
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particular  attention  to  this  subject,  has  the  follow- 
ing remarks  :  "  It  is  certain,  that  between  the 
white  state  of  plants  vegetating  in  darkness,  and 
complete  verdure,  every  possible  intermediate  de- 
gree exists,  determined  by  the  intensity  of  tlie 
light.  Of  this  any  one  may  easily  satisfy  him- 
self by  attending  to  the  color  of  a  plant  exposed 
to  the  full  daylight;  it  exhibits  in  succession  all 
the  degrees  of  verdure.  I  had  already  seen  the 
same  phenomenon,  in  a  particular  manner,  by  ex- 
posing plants  reared  in  darkness  to  tlie  light  of 
lamps.  In  these  experiments,  I  not  only  saw  the 
color  come  on  gradually,  according  to  the  con- 
tinuance of  the  exposure  to  light,  but  I  satisfied 
myself  that  a  certain  intensity  of  permanent  Hglit 
never  gives  to  a  plant  more  than  a  certain  degree 
of  color.  The  same  fact  readily  sliows  itself  in 
nature,  when  we  examine  the  plants  that  grow 
under  shelter  or  in  forests,  or  when  we  examine 
In  succession  the  state  of  the  leaves  that  form  llie 
heads  of  cabbages."* 

It  is  likewiselound  that  the  perspiration  of  vege- 
tables is  increased  or  diminished  in  a  certain  mea- 
sure by  the  degree  of  Uc;}it  which  fails  upon  them. 
The  experiments  of  Mr.  P.  IMiller,  and  others,  prove 
that  plants  uniformly  perspire  most  in  the  fore- 
noon, though  the  temperature  of  the  air  in  which 
tliey  are  placed  should  be  unvaried.  M.  Guet- 
tard  likewise  informs  us  tliat  a  plant  exposed  to 
tlie  rays  of  the  sun  has  its  perspiration  increased 
to  a  much  greater  degree  than  if  it  had  been  ex- 

Eosed  to  the  same  heat  under  the  shade.  Vegeta- 
les  are  likewise  found  to  be  indebted  to  light  for 
their  smell,  taste,  combustibility,  maturity,  and 
the  resinous  principle,  which  equally  depend  upon 
tliis  fluid.  The  aromatic  substances,  resins,  and 
volatile  oils,  are  the  productions  of  southern  cli- 
mates, where  the  light  is  more  pure,  constant,  and 
intense.  In  fine,  another  remarkable  property  of 
light  on  the  vegetable  kingdom  is,  tiiat,  when  vege- 
tables are  exposed  to  open  daylight,  or  to  the  sun's 
rays,  they  emit  oxygen  gas,  or  vital  air.  It  has 
been  proved  that,  in  the  production  of  this  effect, 
tlie  sun  does  not  act  as  a  body  that  heats,  llie 
emission  of  the  gas  is  determined  by  the  light : 
pure  air  is  therefore  separated  by  the  action  of 
light,  and  the  operation  is  stronger  as  the  light  is 
more  vivid.  By  this  continual  emission  of  vital 
air,  the  Almightj'  incessantly  purifies  the  atmo- 
sphere, and  repairs  the  loss  of  pure  air  occasioned 
by  respiration,  combustion,  fermentation,  putre- 
faction, and  numerous  other  processes  which  have 
a  tendency  to  contaminate  this  fluid,  so  essential 
to  the  vigor  and  comfort  of  animal  life;  so  that, 
in  this  way,  by  the  agency  of  light,  a  due  equili- 
orium  is  always  maintained  between  the  constitu- 
ent parts  of  the  atmosphere. 

In  connection  with  this  subject  the  following 
curious  phenomenon  may  be  stated,  as  related  by 
M.  Haggern,  a  lecturer  on  Natural  History  in 
Sweden.  One  evening  he  perceived  a  faint  flash 
of  light  repeatedly  dart  from  a  marigold.  Sur- 
prised at  such  an  uncommon  appearance,  he  re- 
solved to  examine  it  with  attention;  and,  to  be  as- 
sured it  was  no  deception  of  the  eye,  he  placed  a 
man  near  him,  with  orders  to  make  a  signal  at 
the  moment  when  he  observed  the  light.  They 
both  saw  it  constantly  at  the  same  moment.  The 
light  was  most  brilliant  on  marigolds  of  an  orange 
or  flame  color,  but  scarcely  visible  on  pale  ones. 
The  flash  was  frequently  seen  on  the  same  flower 
two  or  three  times  in  quick  succession,  hut  more 
commonly  at  intervals  of  several  minutes;  and 
when  I  several  flowers  in  the  same  place  emitted 
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their  light  together,  it  could  be  observed  at  a  con- 
siderable distance.  The  phenomenon  was  7emaik- 
ed  in  the  months  of  July  and  August  at  sunset, 
and  for  half  an  hour  when  the  atmosphere  was 
clear;  but  after  a  rainy  day,  or  when  the  air  was 
loaded  with  vapors,  nothing  of  it  was  seen.  The 
following  flowers  emitted  flashes  more  or  less 
vivid,  in  this  order:  L  The  IMarigold.  2.  Monk's 
Hood.  3.  The  Orange  Lily.  4.  The  Indian  Pink. 
As  to  the  cause  of  this  phenomenon,  ditierent 
opinions  may  be  entertained.  From  the  rapidity 
of  the  flash  and  other  circumstances,  it  may  bo 
conjectured  that  electricity  is  concerned  in  pro- 
ducing this  appearance.  M.  Haggern,  after  hav- 
ing observed  the  flash  from  the  orange  lily,  the 
anthercB  of  which  are  at  considerable  distance 
from  the  petals,  found  that  the  light  proceeded 
from  the  petals  onlj-;  whence  he  concludes  tliat 
this  electrical  light  is  caused  by  the  pollen,  which, 
in  flying  off,  is  scattered  on  the  petals.  But,  per- 
haps, the  true  cause  of  it  still  remains  to  be  ascer- 
tained. 

10.  Liyht  has  been  supposed  to  produce  a  certain 
degree  of  injluence  on  the  propagation  of  sound. 
M.  Parolette,  in  a  long  paper  in  the  "Journal  de 
Physique,"  vol.  68,  vvliich  is  copied  into  "Nich- 
olson's Philosophical  Journal,"  vol.  25,  pp.  28-39, 
has  offered  a  variety  of  remarks,  and  detailed  a 
number  of  experiments  on  this  subject.  The  au- 
thor states  the  following  circumstances  as  having 
suggested  the  connection  between  light  and  sound : 
"  In  18^3  I  lived  in  Paris,  and  being  accustomed 
to  rise  before  day  to  finish  a  work  on  which  I  had 
long  been  employed,  I  found  myself  frequently 
disturbed  by  the  sound  of  carriages,  as  my  win- 
dows looked  into  one  of  the  most  frequented 
streets  in  that  city.  This  circumstance,  which 
disturbed  me  in  my  studies  every  morning,  led 
me  to  remark  that  the  appearance  of  daybreak 
peculiarly  affected  the  propagation  of  the  sound; 
from  dull  and  deep,  which  it  was  before  day,  it 
seemed  to  me  to  acquire  a  more  sonorous  sharp- 
ness in  the  period  tliat  succeeded  the  dissipation 
of  darkness.  The  rolling  of  the  wheels  seemed 
to  announce  the  friction  of  some  substances  grown 
more  elastic;  and  my  ear,  on  attending  to  it,  per- 
ceived this  difference  diminish  in  proportion  as 
the  sound  of  wheels  was  confounded  with  thoso 
excited  by  the  tumult  of  objects  quilling  their 
nocturnal  silence.  Struck  with  this  observation, 
I  attempted  to  discover  wiiether  any  particular 
causes  had  deceived  my  ears.  I  rose  several  times 
before  day  for  this  purpose  alone,  and  was  every 
time  confirmed  in  uiy  suspicion  that  light  must 
have  a  peculiar  influence  on  the  propagation  of 
sound.  This  variation,  however,  in  the  manner 
in  which  the  air  gave  sounds,  might  be  the  effect 
of  the  agitation  of  the  atmosphere  produced  by 
the  rarefaction  the  presence  of  the  sun  occasioned; 
but  the  situation  of  my  windows,  and  the  usual 
direction  of  the  morning  breeze,  militated  against 
this  argument." 

The  author  then  proceeds  to  give  a  description 
of  a  very  delicate  instrument,  and  various  appa- 
ratus for  measuring  the  propagation  and  intensity 
of  sound,  and  the  various  experiments  both  in  the 
dark  and  in  daylight,  and  likewise  under  different 
changes  of  the  atmosphere,  which  were  made 
with  his  apparatus,  all  of  which  tended  to  prove 
that  light  had  a  sensible  influence  in  the  propaga- 
tion of  sound.  But  the  detail  of  these  experi- 
ments, and  their  several  results,  would  be  too  tedi- 
ous to  be  here  transcribed.  The  night  has  gene- 
rally been  considered  as  more  favorable  than  the 
day  for  the  transmission  of  sound.  "That  this 
is  the  case,"  says  Parolette,  "  with  respect  to  our 
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ears  cannot  be  doubted :  but  tbis  argues  notbing- 
against  my  opinion.  We  hear  fartlier  by  niglit 
on  account  of  the  silence,  and  this  always  con- 
tributes to  it,  while  the  noise  of  a  wind  favorable 
to  the  propagation  of  a  sound  may  prevent  tlie 
sound  Ironi  being  lieard."  In  reference  to  the 
cause  which  produces  the  effect  now  stated,  he 
proposes  the  following  queries  :  "  Is  the  atmo- 
spheric air  more  dense  on  the  appearance  of  light 
than  in  darkness  ?  Is  this  greater  density  of  the 
air,  or  of  the  elastic  fluid  that  is  'subservient  to 
the  propagation  of  sound,  the  effect  of  aeriform 
eubstances  kept  in  this  state  through  the  medium 
of  light  ?"  He  is  disposed,  on  the  whole,  to  con- 
clude that  the  effect  in  question  is  owing  to  the 
action  of  light  upon  the  oxygen  of  the  atmosphere, 
since  oxygen  gas  is  found  by  experiment  to  be 
best  adapted  to  the  transmission  of  sound. 

Our  author  concludes  his  communication  with 
the  following  remarks:  "Light  has  a  velocity 
900,000  times  as  rapid  as  that  of  sound.  Whether 
it  emanate  from  the  sun  and  reach  to  our  earth, 
or  act  by  means  of  vibrations  agitating  the  parti- 
cles of  a  fluid  of  a  peculiar  nature,  the  particles 
of  this  fluid  must  be  extremely  light,  elastic,  and 
active.  Nor  does  it  appear  to  me  unreasonable  to 
ascribe  to  the  mechanical  action  of  these  particles 
set  in  motion  by  the  sun,  the  effects  its  presence 
occasions  in  the  vibrations  that  proceed  from  sono- 
rous bodies.  The  more  deeply  we  investigate  the 
theory  of  Hght,  the  more  we  must  perceive  that 
the  powers  by  which  the  universe  is  moved  reside 
in  the  imperceptible  particles  of  bodies;  and  that 
the  grand  results  of  nature  are  but  an  assemblage 
of  an  order  of  actions  that  take  place  in  its  in- 
finitely small  parts;  consequently,  we  cannot  in- 
stitute a  series  of  experiments  more  interesting 
than  those  which  tend  to  develop  the  properties 
of  light.  Our  organs  of  sense  are  so  immediately 
connected  with  the  fluid  that  enlightens  us,  that  a 
notion  of  having  acquired  an  idea  of  the  mode  of 
action  of  this  fluid  presents  itself  to  our  minds, 
as  the  hope  of  a  striking  advance  in  the  know- 
ledge of  what  composes  the  organic  mechanism 
of  our  life,  and  of  that  of  beings  which  closely 
follow  the  rank  assigned   to  the  liuman  species." 

Such  is  a  brief  description  of  some  of  the  lead- 
ing properties  of  light.  Of  all  the  objects  that 
present  themselves  to  the  philosophic  and  contem- 
plative mind,  light  is  one  of  the  noblest  and  most 
interesting.  The  action  it  exerts  on  all  the  com- 
binations of  matter,  its  extreme  divisibility,  the 
rapidity  of  its  propagation,  the  sublime  wonders 
it  reveals,  and  the  office  it  performs  in  what  con- 
stitutes the  life  of  organic  beings,  lead  us  to  con- 
sider it  as  a  substance  acting  the  first  part  in  the 
economy  of  nature.  The  magic  power  which  this 
emanation  from  the  heavens  exerts  on  our  organs 
of  vision,  in  exhibiting  to  our  view  the  sublime 
spectacle  of  the  universe,  cannot  be  sufficiently 
admired.  Nor  is  its  power  confined  to  the  organs 
of  sight;  all  our  senses,  are,  in  a  greater  or  less 
degree,  subjected  to  the  action  of  light,  and  all 
the  objects  in  this  lower  creation — whether  in  the 
animal,  the  vegetable,  or  the  mineral  kingdoms — 
are,  to  a  certain  extent,  susceptible  of  its  influ- 
ence. Our  globe  appears  to  be  little  more  than  an 
accumulation  of  terrestrial  materials  introduced 
into  the  boundless  ocean  of  the  solar  light,  as  a 
theater  on  which  it  may  display  its  exhaustless 
power  and  energy,  and  give  animation,  beauty, 
and  sublimity  to  every  surrounding  scene,  and  to 
regulate  all  the  powers  of  natuie,  and  render  them 
subservient  to  the  purposes  for  which  they  were, 
ordained.  This  elementary  substance  appears  to 
be  universal  in  its  movements  and  in  its  influen-e. 


It  descends  to  us  from  the  solar  orb.  It  wings  its 
way  through  the  voids  of  space,  along  a  course 
of  ninety-five  millions  of  miles,  until  it  arrives  at 
the  outskirts  of  our  globe;  it  passes  freely  through 
the  surrounding  atmosphere;  it  strikes  upon  the 
clouds,  and  is  reflected  by  them;  it  irradiates  the 
mountains,  the  vales,  the  forests,  the  rivers,  the 
seas,  and  all  the  productions. of  the  vegetable  king- 
dom, and  adorns  them  with  a  countless  assem- 
blage of  colors.  It  scatters  and  disperses  its  rays 
from  one  end  of  creation  to  another,  diffusing  it- 
self throughout  every  sphere  of  the  universe.  It 
flies  without  intermission  from  star  to  star,  and 
from  suns  to  planets,  throughout  the  boundless 
sphere  of  immensity,  forming  a  connecting  chaia 
and  a  medium  of  communication  among  all  the 
worlds  and  beings  within  the  wide  empire  of  Om- 
nipotence. 

When  the  sun  is  said  "  to  rule  over  tlie  day," 
it  is  intimated  that  he  acts  as  the  vicegerent  of 
the  Almighty,  who  has  invested  him  with  a  me- 
chanical power  of  giving  light,  life,  and  motion  to 
all  the  beings  susceptible  of  receiving  impressions 
from  his  radiance.  As  the  servant  of  his  Creator, 
he  distributes  blessings  without  number  among 
all  the  tribes  of  sentient  and  intelligent  existence. 
When  his  rays  illumine  the  eastern  sky  in  the 
morning,  all  nature  is  enlivened  with  his  presence. 
When  he  sinks  beneath  the  western  horizon,  the 
flowers  drooj),  the  birds  retire  to  their  nests,  and  a 
mantle  of  darkness  is  spread  over  the  landscape  of 
the  world.  When  he  approaches  the  equinox  in 
spring,  the  animal  and  vegetable  tribes  revive  and 
nature  puts  on  a  new  and  a  smiling  aspect.  When 
he  declines  toward  the  winter  solstice,  dreariness 
and  desolation  ensue,  and  a  temporary  death  takes 
place  among  the  tribes  of  the  vegetable  world. 
This  splendid  luminary,  whose  ligiit  embellishes 
the  whole  of  this  lower  creation,  forms  the  most 
lively  representation  of  Plim  who  is  the  source 
and  the  center  of  all  beauty  and  perfection.  "  God 
is  a  sun,"  the  sun  of  the  moral  and  spiritual  uni- 
verse, from  whom  all  the  emanations  of  know- 
ledge, love,  and  felicity  descend.  "  He  covereth 
himself  with  light  as  with  a  garment,"  and 
"  dwells  in  light  inaccessible  and  full  of  glory." 
The  felicity  and  enjoyments  of  the  future  world 
are  adumbrated  under  the  ideas  of  light  and  glory. 
"  The  glory  of  God  enlightens  the  celestial  city;" 
its  inhabitants  are  represented  as  "  the  saints  in 
light;  "  it  is  declared  that  '•  their  sun  shall  no 
more  go  down,"  and  that  "  the  Lord  God  is  their 
everlasting  lights  So  that  light  not  only  cheers 
and  enlivens  all  beings  throughout  the  material 
creation,  but  is  the  emblem  of  the  Eternal  Mind, 
and  of  all  that  is  delightful  and  transporting  in 
the  scenes  of  a  blessed  immortality. 

In  the  formation  of  light,  and  the  beneficent  ef- 
fects it  produces,  the  wisdom  and  goodness  of  the 
Almighty  are  conspicuously  displayed.  Without 
the  beams  of  the  sun  and  the  influence  of  light, 
what  were  all  the  realms  of  this  world  but  an  undis- 
tinguished chaos  and  so  many  dungeons  of  dark- 
ness? In  vain  should  we  roll  our  eyes  around  to 
behold,  amid  the  universal  gloom,  the  flowery  fields, 
the  verdant  plains,  tlie  flowing  streams,  the  expan- 
sive ocean,  the  moon  walking  in  brightness,  the  pla- 
nets in  their  courses,  or  the  innumerable  host  of 
stars.  All  would  be  lost  to  the  eye  of  man,  and  tha 
"blackness  of  darkness"  would  surround  him 
forever.  And  with  how  much  wisdom  has  every- 
thing been  arranged  in  relation  to  the  motions  and 
minuteness  of  light?  Were  it  capable  of  being 
transformed  into  a  solid  substance,  and  retain  its 
present  velocity,  it  would  form  the  most  dreadful 
and   appalling   element   in   nature,  and   producjo 
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universal  terror  and  destruction  throughout  tlie 
universe.  That  this  is  not  impossible,  and  could 
easily  be  effected  by  the  hand  of  Omnipotence, 
appears  from  such  substances  as  phosphorus, 
where  light  is  supposed  to  be  concentrated  in 
&  solid   state.      But  in  all   its   operations    and 


effects,  as  it  is  now  directed  by  unerring  wis- 
dom and  beneficence,  it  exhibits  itself  as  the 
most  benign  and  delightful  element  connected 
with  the  constitution  of  the  material  system, 
diffusing  splendor  and  felicity  wherever  its" influ- 
ence extends. 


CHAPTER    V. 


ON   THE   REFRACTION   OF   LIGHT. 


Refraction  is  the  turning  or  bending  of  the 
rays  of  light  out  of  their  natural  course. 

Light,  wlien  proceeding  from  a  luminous  body — 
without  being  reflected  from  any  opaque  substance 
or  inflected  by  passing  near  one — is  invariably 
found  to  proceed  in  straight  lines  without  the  least 
deviation.  But  if  it  happens  to  pass  obliquely 
from  one  medium  to  another,  it  always  leaves  the 
direction  it  had  before  and  assumes  a  new  one. 
This  change  of  direction,  or  bending  of  the  rays 
of  light  is  what  is  called  Refraction — a  term  which 
probably  had  its  origin  from  the  broken  appearance 
which  a  staff  or  a  long  pole  exhibits  when  a  por- 
tion of  it  is  immersed  in  water — the  word,  de- 
rived from  the  Latin  frango,  literally  signifying 
breaking  or  bending. 

When  light  is  thus  refracted,  or  has  taken  a 
new  direction,  it  then  proceeds  invariably  in  a 
straight  line  until  it  meets  with  a  different  me- 
dium,* when  it  is  again  turned  out  of  its  course. 
It  must  be  observed,  however,  that  though  we 
may  by  this  means  cause  the  rays  of  light  to 
make  any  number  of  angles  in  their  course,  it  is 
impossible  for  us  to  make  them  describe  a  curve, 
except  in  one  single  case,  namely,  where  they 
pass  through  a  medium,  the  density  of  which 
either  uniformly  increases  or  diminishes.  This  is 
the  cass  with  the  light  of  the  celestial  bodies, 
which  passes  downward  through  our  atmosphere, 
and  likewise  with  that  which  is  reflected  upward 
through  it  by  terrestrial  objects.  In  both  these 
cases  it  describes  a  curve  of  the  hyperbolic  kind; 
but  at  all  other  times  it  proceeds  in  straight  lines, 
or  in  what  may  be  taken  for  straight  lines  without 
any  sensible  error. 

There  are  two  circumstances  essential  to  refrac- 
tion. 1.  That  the  rays  of  light  shall  pass  out  of 
one  medium  into  another  of  a  different  density, 
or  of  a  greater  or  less  degree  of  resistance.  2. 
That  they  pass  in  an  oblique  direction.  The 
denser  the  refracting  medium,  or  that  into  which 
the  ray  enters,  the  greater  will  be  its  refracting 
power;  and  of  two  refracting  mediums  of  the 
same  density,  that  which  is  of  an  oily  or  inflam- 
mable nature  will  have  a  greater  refracting  power 
than  the  other.  The  nature  of  refraction  may 
be  more  particularly  explained  and  illustrated  by 
the  following  figure  and  description: 

Let  A  D  H  I,  fig.  2,  be  a  body  of  water,  A  D 
its  surface,  C  a  point  in  which  a  ray  of  light,  B 
C,  enters  from  the  air  into  the  water.  This  ray, 
by  the  greater  density  of  the  water,  instead  of 
passing  straight  forward  in  its  first  direction  to  K, 
will  be  bent  at  the  point  C,  and  pass  along  in  the 

*  Ry  a  medium,  in  optics,  is  meant  the  space  in  which 
a  ray  of  light  moves,  wiiether  pure  space,  air,  water,  glass, 
diainoiul,  or  any  other  transparent  substance  through  whicli 
the  rays  of  light  can  pass  in  straight  lines. 


direction  C  E,  which  is  called  the  refracted  ray 
Let  the  line  F  G  he  drawn  perpendicular  to  the 
surface  of  the  water  in  C,  then  it  is  evident  that  the 
ray  B  C,  in  passing 
out    of   air,   a   rare  Fig.  2. 

medium,  into  at/e/ise      L 
medium,  as    water,    a 
is   refracted    into   a 
ray  C  E,  which  is 
nearer  to    the    per- 
pendicular C  G  than  A 
the   incident  ray  B 
C  and,  on  the  con- 
trary, the  ray  E  C, 
passing    out    of     a      I  G       E  H 

denser  medium  into 

a  rarer,  will  be  refracted  into  CB,  wliich  is  farther 
from  the  perpendicular. 

The  same  thing  may  be  otherwise  illustrated  as 
follows:  Suppose  a  hole  made  in  one  of  the  sides  of 
the  vessel  as  at  a,  and  a  lighted  candle  placed  within 
two  or  three  feet  of  it,  when  empty,  so  that  its  flame 
may  be  at  L,  a  ray  of  light  proceeding  from  it 
will  pass  through  the  hole,  a,  in  a  straight  line,!, 
B  C  K,  until  it  reach  the  bottom  of  the  vessel  at 
K,  where  it  will  form  a  small  circle  of  light. 
Having  put  a  mark  at  the  point  K,  pour  water 
into  the  vessel  until  it  rise  to  the  hight  A  D,  and 
the  round  spot  that  was  formerly  at  K  will  appear 
at  E;  that  is,  the  ray  which  went  straight  forward, 
when  the  vessel  was  empty,  to  K,  has  been  bent 
at  the  point  C,  where  it  falls  into  the  water,  into 
the  line  C  E.  In  this  experiment  it  is  necessary 
that  the  front  of  the  vessel  should  be  of  glass,  in 
order  that  the  course  of  the  ray  may  be  seen;  and 
if  a  little  soap  be  mixed  with  tlip  water  so  as  to 
give  it  a  little  mistiness,  the  ray  C  E  will  be  dis- 
tinctly perceived.  If,  in  place  of  fresh  water,  we 
pour  in  salt  water,  it  will  be  found  that  the  ray 
B  C  is  more  bent  at  C.  In  like  manner,  alcohol 
will  refract  the  ray  B  C  more  than  salt  water,  and 
oil  more  than  alcohol,  and  a  piece  of  solid  glass, 
of  the  shape  of  the  water,  would  refract  the  light 
still  more  than  the  oil. 

The  angle  of  refraction  depends  on  the  obli- 
quity of  the  rays  falling  on  the  refracting  surface 
being  always  such,  that  tlie  sine  of  the  incident 
angle  is  to  the  sine  of  the  refracted  angle  in  a 
given  proportion.  The  incident  angle  is  the  angle 
made  by  a  ray  of  light  and  a  line  drawn  peri)iii- 
dicular  to  the  refracting  surface,  at  the  point  where 
the  light  enters  the  surface.  The  refracted  angle 
is  the  angle  made  by  the  ray  in  the  refracting  me- 
dium with  the  same  perpendicular  produced.  The 
sine  of  the  angle  is  a  line  which  serves  to  measure 
the  angle,  being  drawn  from  a  point  in  oni.'  leg 
perpendicular  to  the  other.  The  following  figuro 
(fig.  '6)  will  tend  to  illustrate  these  definitions. 
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In  this  figure,  B  C  is  the  incident  ray,  C  E  the 
refracted  ray,  D  G  the  perpendicular,  A  D  the 
sine  of  the  angle  of  incidence,  A  C  D;  and  //  R 
the  sine  of  the  angle  of  refraction  G  C  E.     Now, 


it  is  a  proposition,  in  optics,  that  the  sine  A  D  oi 
the  angle  of  incidence  BCD  is  either  accnrately 
or  very  nearly  in  a  given  proportion  to  the  sine  H 
R  of  the  angle  of  refraction  G  C  E.  This  ratio 
of  the  sines  is  as  four  to  three,  when  the  refrac- 
tion is  made  out  of  air  into  water,  that  is,  A  D  \s 
to  H  R  as  four  to  tliree.  When  the  refraction  is 
out  of  air  into  glass,  the  proportion  is  about  as 
thirty-one  to  twenty,  or  nearly  as  three  to  two. 
If  the  refraction  be  out  of  air  into,  diamond,  it  is 
as  five  to  two,  that  is  A  D  :  H  R  :  :  5  :  9.  The 
denser  the  medium  is,  the  less  is  the  angle  and 
sine  of  refraction.  If  a  ray  of  light,  M  C,  were 
to  pass  from  air  into  water,  or  from  empty  space 
into  air,  in  the  direction  M  C,  perpendicular  (o 
the  plane  N  O,  which  separates  the  two  mediums, 
it  would  suiFer  no  refraction,  because  one  of  the 
essentials  to  that  effect  is  wanting,  namely,  the 
obliquity  of  the  incidence. 

It  may  also  be  proper  to  remark  that  a  ray  of 
light  cannot  pass  out  of  a  denser  medium  into  a 
rarer,  if  the  angle  of  incidence  exceed  a  certain 
limit.  Thus  a  ray  of  light  will  not  pass  out  of 
glass  into  air,  if  the  angle  of  incidence  exceed 
40°  11';  or  out  of  glass  'nto  water,  if  the  angle 
of  incidence  exceed  59°  20'.  In  such  cases  re- 
fraction will  be  changed  into  reflection. 

The  following  common  experiments,  which  are 
easily  performed,  will  illusirate  the  doctrine  of 
refraction:  Put  a  shilling,  or  any  other  small  ob- 
ject which  is  easily  distinguished,  into  a  basin  or 
any  other  similar  vessel,  and  then  retire  to  such  a 
distance  as  that  the  edge  of  the  vessel  shall  just 
hide  it  from  your  sight.  If  then  you  cause  an- 
other person  to  fill  the  vessel  with  water,  yon  will 
find  that  the  shilling  is  rendered  perfectly  visible, 
although  yon  have  not  in  the  slightest  degree 
changed  your  position.  The  reason  of  this  is, 
that  the  rays  of  light,  by  which  it  is  rendeied 
visible  are  bent  out  of  their  course.  Thus,  suppose 
llie  shilling  to  have  been  placed  at  trie  bottom  of 
the  basin  at  E  (fig.  2),  the  ray  of  light  B  C  which 
passes  obliquely  from  the  air  into  wafer  at  C, 
instead  of  continuing  its  course  to  K,  takes  the 
direction  of  C  jG,  and,  consequently,  an  object  at 
E  would  be  rendered  visible  by  rays  proceeding 
in  that  direction,  when  they  would  not  have 
touched  it  liad  they  proceeded  in  their  direct 
course. 

The  same  principle  is  illustrated  by  the  follow- 
ing experiment:  Place  a  basin  or  square  box  on  a 
table,  and  a  candle  at  a  small  distance  from  it;  lay 
a  small  rod  or  stick  across  the  sides  of  tlie  basin, 
and  mark  the  place  where  the  extremity  of  the 
shadow  falls,  by  placing  a  shilling  or  other  object 


at  the  point;  then  let  water  be  poured  into  t)"i 
basin,  and  the  shadow  will  then  fall  nuu.h  neaier 
to  the  side  next  the  candle  than  before.  Thi.s 
experiment  may  likewise  be  performed  by  simply 
observing  the  change  produced  on  the  shadow  of 
the  side  of  the  basin  itself.  Again,  put  a  long 
stick  obliquely  into  deep  water,  and  the  stick  will 
seem  to  be  broken  at  the  point  where  it  appears 
at  the  surface  of  the  water,  the  part  which  is 
immersed  in  the  water  appearing  to  be  bent  up- 
ward. Hence  every  one  must  have  observed  that 
in  rowing  a  boat  the  ends  of  the  oars  appear  bent 
or  broken  every  time  they  are  immersed  in  the 
water,  and  their  appearance  at  such  tiu»'s  is  a 
representation  of  the  course  of  the  refracted  lays. 
Again,  fill  a  pretty  deep  jar  with  water,  and  you 
will  observe  the  bottom  of  the  jar  considerably 
elevated,  so  that  it  appears  much  shallower  tliau 
it  did  before  the  water  was  poured  in,  in  the  pro- 
portion of  nearly  a  third  of  its  depth  which  is 
owing  to  the  same  cause  as  that  which  makes 
the  end  of  a  stick  immersed  in  water  appear  more 
elevated  than  it  would  do  if  there  were  no  refrac- 
tion. Another  experiment  may  be  just  mentioned. 
Put  a  sixpence  in  a  wine-glass,  and  pour  upon  it 
a  little  water.  When  viewed  in. a  certain  position, 
two  sixpences  will  appear  in  the  glass — one  image 
of  the  sixpence  from  below,  which  comes  directly 
to  the  eye,  and  another  which  appears  considerably 
raised  above  the  other,  in  consequence  of  the  rays 
of  light  rising  through  the  water,  and  being  re- 
fracted. In  this  experiment  the  wine-glass  should 
not  be  more  than  half  filled  with  water. 

The  refraction  of  light  explains  the  causes  of 
many  curious  and  interesting  phenomena  both  in 
the  heavens  and  on  the  earth.  When  we  stand  on 
the  banks  of  a  river,  and  look  obliquely  through 
the  waters  to  its  bottom,  we  are  apt  to  think  it  ia 
much  shallower  than  it  really  is.  [f  it  be  eight, 
feet  deep  in  reality,  it  will  appear  from  the  bank 
to  be  only  six  feet ;  if  it  be  five  feet  and  a  half 
deep,  it  will  appear  only  about  four  feet.  I'his  fs 
owing  to  the  effects  of  refraction,  by  which  tlie 
bottom  of  the  river  is  apparently  raised  by  the 
refraction  of  the  light  passing  through  the  water 
into  air,  so  as  to  make  the  bottom  appear  h.igher 
than  it  really  is,  as  in  the  experiment  with  the  jar 
of  water.  This  is  a  circumstance  of  some  im- 
portance to  be  known  and  attended  to  in  order  to 
personal  safety  ;  for  many  school-boys  and  other 
young  persons  have  lost  their  lives  by  attempting 
to  ford  a  river,  tlie  bottom  of  which  appeared  to 
be  within  their  reach  when  they  viewed  it  from 
its  banks ;  and  even  adult  travelers  on  horseback 
have  sometimes  fallen  victims  to  this  optical  de- 
ception ;  and  this  is  not  the  only  case  in  which  a 
knowledge  of  the  laws  of  nature  may  be  useful 
in  guarding  us  against  dangers  and  fatal  accidents. 

It  is  likewise  owing  to  this  refractive  power  in 
water  that  a  skillful  marksman,  who  wishes  to 
shoot  fish  under  water,  is  obliged  to  take  aim 
considerabh^  below  the  fish  as  it  appears,  becausa 
it  seems  much  nearer  the  top  of  the  water  than 
it  really  is.  An  acquaintance  with  this  properly 
of  light  is  particularly  useful  to  divers,  for,  in  any 
of  their  movements  or  operations,  sliould  they  aim 
directly  at  the  object,  they  would  arrive  at  a  point 
considerably  beyond  it ;  whereas,  by  having  some 
idea  of  the  depth  of  the  water,  and  tbe  angla 
which  a  line  drawn  from  the  eye  to  tbe  object 
makes  with  its  surface,  the  point  at  tbe  bottom 
of  the  water,  between  the  eye  and  the  object  at 
which  the  aim  is  to  be  taken,  may  be  easily  de- 
termined. For  the  same  reason,  u  person  below 
water  does  not  see  objects  distinctly.  For,  as  the 
aqueous  humor  of  *he  eye  lias  the  same  refrac' 
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live  power  as  wat:r,  the  rays  of  light  from  any 
object  under  water  will  undergo  no  refraction  in 
passing  through  the  cornea  and  aqueous  humor, 
and  will  tiierefore  meet  in  a  point  fur  beyond  the 
retina.  But  if  any  person,  accustomed  to  go 
below  water,  should  use  a  pair  of  spectacles,  cou- 
Bisting  of  two  convex  lenses,  the  radius  of  whose 
surface  is  three-tenths  of  an  inch — which  is  nearly 
the  radius  of  the  convexity  of  the  cornea — he  will 
Bee  objects  as  distinctly  below  water  as  above  if. 

It  is  owing  to  refraction  that  we  cannot  judge 
BO  accurately  of  magnitudes  and  distances  in 
Water  as  in  air.  A  fish  looks  considerably  larger 
in  water  than  when  taken  out  of  it.  An  object 
plunged  vertically  into  water  always  appears  con- 
tracted, and  the  more  so  as  its  upper  extremity 
approaches  nearer  the  surface  of  the  water.  Every- 
thing remaining  in  the  same  situation,  if  we  take 
the  object  gradually  out  of  tlie  water,  and  it  be  of 
a  slender  form,  we  sliall  see  it  become  larger  and 
larger,  by  a  rapid  development,  as  it  were,  of  all 
its  parts.  The  distortion  of  objects,  seen  through 
a  crooked  pane  of  glass  in  a  window,  likewise 
arises  from  its  unequal  refraction  of  the  rays  that 
pass  through  it.  It  has  been  calculated  that,  in 
looking  through  the  common  glass  of  a  window, 
objects  appear  about  the  one-thirtieth  of  an  inch 
out  of  their  real  place,  by  means  of  the  refraction. 

Refraction  likewise  produces  an  effect  upon  the 
heavenly  bodies,  so  that  their  apparent  positions 
are  generally  different  from  their  real.  By  the 
refractive  power  of  the  atmosphere  the  sun 
is  seen  before  he  comes  to  the  horizon  in  the 
morning,  and  after  he  sinks  beneath  it  in  the 
sveuing ;  and  lience  this  luminary  is  never  seen 
in  the  place  in  which  it  really  is,  except  v/hen  it 
passes  the  zenith  at  noon,  to  places  within  tiie 
torrid  zone.     The    sun   is   visible  when    actually 


by  the  atmospherical  refraction,  whicli  circum- 
stance forms  a  very  pleasing  and  beneficial  ar- 
rangement in  the  system  of  nature.  It  not  only 
prolongs  to  us  the  influence  of  the  solar  liglit,  ana 
adds  nearly  two  hours  to  the  length  of  our  day, 
but  prevents  us  from  being  transported  all  at  once 
from  the  darkness  of  midnight  to  the  splendor  of 
noonday,  and  from  the  effulgence  of  day  to  tha 
gloom  and  horrors  of  the  night,  which  would  be- 
wilder the  traveler  and  navigator  in  their  journeys 
by  sea  or  land,  and  strike  the  living  world  with 
terror  and  amazement. 

The  following  figure  will  illustrate  the  position 
now  stated,  and  the  manner  in  which  the  refrac- 
tion of  the  atmosphere  produces"  these  etTects  : 
Let  A  a  C,  fig.  4,  represent  one-half  of  our  globe, 
and  the  dark  space  between  that  curve  and  B  r  D, 
the  atmosphere.  A  person  standing  on  th^-  earth's 
surface  at  o"  would  see  the  sun  rise  at  b,  when 
that  luminary  was  in  reality  only  at  c,  more  than 
half  a  degree  below  the  horizon.     When  the  rays 

Fig.  4. 


of  the  sun,  after  having  proceeded  in  a  straight 
line  through  empty  space,  strike  the  upper  part 
thirty-two  minutes  of  a  degree  below  the  horizon,  j  of  the  atmosphere  at  the  point  d,  they  are  bent  out 
and  when  the  opaque  rotundity  of  the  earth  is  of  their  right-lined  course  by  the  refraction  of  the 
interposed  between  our  eye  and  tiiat  orb,  just  on  |  atmosphere,  into   the  direction  d  a.  so    that   fha 


the  same  principle  as,  in  the  experiment  with  tl 
shilling  and  basin  of  water,  the  shilling  was  seen 
when  the  edge  of  the  basin  interposed  between  it 
and  the  sight.  The  refractive  power  of  the  atmo- 
sphere has  been  found  to  be  much,  greater  in  cer- 
tain cases,  than  what  has  been  now  stated.  In  the 
year  1595,  a  company  of  Dutch  sailors  liaving 
been  wrecked  on  the  shores  of  Nova  Zembla,  and 
having  been  obliged  to  remain  in  that  desolate 
region  during  a  night  of  more  than  three  months, 
beheld  the  sun  make  his  appearance  in  the  horizon 
about  sixteen  days  before  the  time  in  which  he 
should  have  risen  according  to  calculation,  and 
when  his  body  was  actually  more  than  four  de- 
grees below  the  horizon  ;  which  circumstance  has 
been  attributed  to  the  great  refractive  power  of  the 
atmosphere  in  those  intensely  cold  regions.  This 
refraction  of  the  atmosphere,  which  renders  the  ap- 
parent rising  and  setting  of  the  sun  both  earlier  and 
later  than  the  real,  produces,  at  least, one  important 
beneficial  effect.  It  procures  for  us  the  benefit  of  a 
much  longer  day,  at  all  seasons  of  the  year,  than 
we  should  enjoy  did  not  this  property  of  the  at- 
mosphere produce  this  effect.  It  is  owing  to  the 
same  cause  that  the  discs  of  the  sun  and  moon 
appear  elliptical  or  oval  when  seen  in  the  horizon, 
their  horizontal  diameters  appearing  longer  than 
their  vertical,  which  is  caused  by  the  greater  re- 
fraction of  the  rays  coming  from  the  lower  limb, 
which  is  immersed  in  the  densest  part  of  the  at- 
mosphere. 

The  illumination  of  tlie  heavens  which  precedes 
the  rising  of  the  sun,  and  continues  some  time 
after  he  is  set,  or  what  is  commonly  called  the 
moruiug  and  evening  twilight,  is  likewise  produced 


body  of  the  sun,  though  actually  intercepted  by 
the  curve  of  the  earth's  convexity,  consistinu-  of 
a  dense  mass  of  land  or  water,  is  actually  beiield 
by  the  spectator  at  a.  The  refractive  power  of 
the  atmosphere  gradually  diminishes  from  the 
horizon  to  the  zenith,  and  increases  from  the 
zenith  to  the  horizon,  in  proportion  to  the  density 
of  its  different  strata,  being  densest  at  its  lower 
extremity  next  the  earth,  and  more  rare  lov.'ard 
its  higher  regions.  If  a  person  at  a,  had  the  sun, 
e,  in  liis  zenith,  he  would  see  him  where  he  really 
is;  for  his  rays  coming  perpemJicularly  through 
the  atmosphere,  would  be  equally  attracted  in  all 
directions,  and  would,  therefore,  suffer  no  inflec- 
tion. But,  about  two  in  the  afternoon,  he  would 
see  the  sun  at  i,  though,  in  reality,  he  was  at  k, 
thirty-three  seconds  lower  than  his  apparent  situ- 
ation. At  about  four  in  the  afternoon  he-  would 
see  him  at  m,  when  he  is  at  n,  one  minute  and 
thirty-eight  seconds  from  his  apparent  situation. 
But  at  six  o'clock,  when  we  shall  sup])Ose  he  sets, 
he  will  be  seen  at  o,  though  he  is  at  tliat  time  at 
p,  more  than  thirty-two  minutes  below  the  hori- 
zon. These  plienomena  arise  from  tlie  different 
refractive  powers  of  the  atmosphere  at  different 
elevations,  and  from  the  obliquity  with  which  the 
rays  of  light  fall  upon  it;  for  we  see  every  object 
along  that  line  in  wliich  the  rays  from  it  are  direct- 
ed by  the  last  medium  through  which  they  passed. 
The  same  phenomena  happen  in  relation  to  the 
moon,  the  planets,  the  comets,  the  stars,  and  every 
other  celestial  body,  all  of  which  appear  more 
elevated,  especially  when  near  the  horizon,  than 
their  true  places.  The  variable  and  increasing 
refraction  from   the  zenith  to  the  horizon  is  u 
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source  o*"  considerable  trouble  and  difficulty  in 
making-  astronoinical  observations,  and  in  nauti- 
cal calculations;  for,  in  order  to  determine  the 
real  altitudes  of  the  heavenly  bodies,  the  exact 
degree  of  refraction  at  the  observed  elevation 
must  be  taken  into  account.  To  the  same  cause 
we  are  to  ascribe  a  phenomenon  that  has  some- 
limes  occurred,  namely,  that  the  moon  has  been 
seen  rising  totally  eclipsed,  while  the  sun  was 
still  visible  in  the  opposite  quarter  of  the  horizon. 
At  the  middle  of  a  total  eclipse  of  the  moon,  the 
sun  and  moon  are  in  opposition,  or  ISO  degrees 
asunder;  and,  therefore,  were  no  atmosphere  sur- 
rounding the  earth,  these  luminaries,  in  such  a 
position,  could  never  be  seen  above  the  horizon  at 
the  same  time.  But,  by  the  refraction  of  the 
atmosphere  near  the  horizon,  the  bodies  of  the 
Bun  and  moon  are  raised  more  than  32  minutes 
above  their  true  places,  which  is  equal,  and  some- 
times more  than  equal,  to  the  apparent  diameters 
of  these  bodies. 

E.XTRAORDINARY  CASES    OF    REFRACTIOX    IN    RELATION 
TO    TERRESTRIAL,    OBJECTS. 

In  consequence  of  the  accidental  condensation 
of  certain  strata  of  the  atmosphere,  some  very 
singular  effects  have  been  produced  in  the  appa- 
rent elevation  of  terrestrial  objects  to  a  position 
much  beyond  that  in  which  they  usually  appear. 
The  following  instance  is  worthy  of  notice.  It 
is  taken  from  the  Philosophical  Transactions  of 
London  for  1798,  and  was  communicated  by  W. 
Latham,  Esq.,  F.  R.  S.,  who  observed  the  pheno- 
menon from  Hastings,  on  the  south  coast  of  Eng- 
land :  "  On  July  26,  1797,  about  five  o'clock  in 
the  afternoon,  as  I  was  sitting  in  my  dining-room 
in  this  place,  which  is  situated  upon  the  Parade, 
close  to  the  seashore,  nearly  fronting  the  south, 
my  attention  was  excited  by  a  number  of  people 
running  down  to  the  seaside.  Upon  inquiring 
the  reason,  I  was  informed  that  the  coast  of 
France  was  plainly  to  be  distinguished  by  the 
naked  eye.  I  immediately  went  down  to  the 
shore,  and  was  surprised  to  find  that,  even  with- 
out the  assistance  of  a  telescope,  I  could  very 
plainly  see  the  cliffs  on  the  opposite  coast,  which, 
at  the  nearest  part,  are  between  forty  and  fifty 
miles  distant,  and  are  not  to  be  discerned  from  that 
low  situation  by  the  aid  of  the  best  glasses.  They 
appeared  to  be  only  a  few  miles  off,  and  seemed 
to  extend  for  some  leagues  along  the  coast.  I 
pursued  my  walk  along  the  shore  eastward,  close 
to  the  water's  edge,  conversing  with  the  sailors 
and  fishermen  upon  the  subject.  They  at  first 
would  not  be  persuaded  of  the  reality  of  the  ap- 
pearance; but  they  soon  became  so  thoroughly 
convinced  by  the  cliffs  gradually  appearing  more 
elevated,  and  8p[)roacliing  nearer,  as  it  were,  that 
they  pointed  out  and  named  to  me  the  different 
places  they  had  been  accustomed  to  visit,  such  as 
the  Bjy,  the  Old  Head,  or  Man,  the  Windmill, 
&c.,  at  Bologne,  St.  Vallery,  and  other  places  on 
the  coast  of  Picardy,  which  they  afterward  con- 
firmed, when  they  viewed  them  through  their 
telescopes.  Their  observations  were,  that  the 
places  appeared  as  near  as  if  they  were  sailing,  at 
a  small  distance,  into  the  harbors.  The  day  on 
which  this  phenomenon  was  seen  was  extremely 
hot;  it  was  high  water  at  Hustings  about  two 
o'clock,  p.  M  ,  and  not  a  breath  of  wind  was  stir- 
ring the  whole  day."  From  the  summit  of  an 
adjacent  hill,  a  most  beautiful  scene  is  said  to 
have  presented  itself.  At  one  glance  the  specta- 
tors could  see  Dungeness,  Dover  Cliffs,  and  the 
French  coast,  all  along  from  Calais  to  St.  Vallery, 
and,  as  some  affirmed,  as  far  to  the  westward  as 


Dieppe,  which  could  not  be  much  less  than  eighty 
or  ninety  miles.  By  the  telescope  the  French 
fishiug-boats  were  plainly  seen  at  anchor,  and  the 
different  colors  of  the  land  on  the  bights,  with  the 
buildings,  were  perfectly  discernible. 

This  singular  phenomenon  was  doubtless  occa- 
sioned by  an  extraordinary  refraction,  produced 
by  an  unusual  expansion  or  condensation  of  the 
lower  strata  of  the  atmosphere,  arising  from  cir- 
cumstances connected  with  the  extreme  heat  of  the 
season.  The  objects  seem  to  have  been  apparent- 
ly raised  far  above  their  natural  positions;  for, 
from  the  beach  at  Hastings,  a  straight  line  drawn 
across  toward  the  French  coast,  would  have  been 
intercepted  by  the  curve  of  the  waters.  T'liey 
seem,  also,  to  have  been  magnified  by  the  refrac- 
tion, and  brought,  apparently,  four  or  five  times 
nearer  the  eye,  than  in  the  ordinary  state  of  the 
atmosphere. 

The  following  are  likewise  instances  of  unusual 
refraction:  When  Captain  Colby  was  ranging 
over  the  coast  of  Caithness,  with  the  telescope  of 
his  great  Theodolite,  on  the  21st  of  June,  1819,  at 
8  o'clock,  r.  M.,  from  Corryhabbie  Hill,  nearMort- 
lich,  in  Banfi'shire,  he  observed  a  brig  over  the 
land  of  Caithness,  sailing  to  the  westward  in  the 
Pentland  Frith,  between  the  Dunnet  and  Dun- 
cansby  heads.  Having  satisfied  himself  as  to  the 
fact,  he  requested  his  assistants.  Lieutenants  Robe 
and  Dawson,  to  look  through  the  telescope, 
which  they  immediately  did,  and  observed  the 
brig  likewise.  It  was  very  distinctly  visible  for 
several  minutes,  while  the  party  continued  to 
look  at  it,  and  to  satisfy  themselves  as  to  its  posi- 
tion. The  brig  could  not  have  been  less  than 
from  ninety  to  one  hundred  miles  distant;  and, 
as  the  station  on  Corryhabbie  is  not  above  850 
yards  above  the  sea,  the  phenomenon  is  interest- 
ing. The  thermometer  was  at  44°.  The  nighl 
and  day  preceding  the  sight  of  the  brig  had  been 
continually  rainy  and  misty,  and  it  was  not  until 
seven  o'clock  of  the  evening  of  the  21st  that  the 
clouds  cleared  off  the  hill.* 

Captain  Scoresby  relates  a  singular  phenome- 
non of  this  kind,  which  occurred  while  he  was 
traversing  the  Polar  seas.  His  ship  had  been 
separated  by  the  ice  from  that  of  his  father  for  a 
considerable  time,  and  he  was  looking  out  for  her 
every  day  with  great  anxiety.  At  length,  one 
evening,  to  his  utter  astonishment,  he  saw  her 
suspended  in  the  air,  in  an  inverted  position, 
traced  on  the  horizon  in  the  clearest  colors,  and 
I  with  the  most  distinct  and  perfect  representation. 
He  sailed  in  the  direction  in  which  he  saw  this 
visionary  phenomenon,  and  actually  found  his 
father's  vessel  by  its  indication.  He  was  divided 
from  him  by  immense  masses  of  icebergs,  and  at 
such  a  distance  that  it  was  quite  impossible  to 
have  seen  the  ship  in  her  actual  situation,  or  to 
have  seen  her  at  all,  if  her  spectrum  had  not  been 
thus  raised  several  degrees  above  the  horizon  into 
the  sky  by  this  extraordinary  refraction.  She 
was  reckoned  to  be  seventeen  miles  beyond  the 
visible  horizon,  and  thirty  miles  distant. 

Mrs.  Somerville  states  that  a  friend  of  hers, 
while  standing  on  the  plains  of  Hindostan,  saw 
the  whole  upper  chain  of  the  Himalaya  Moun- 
tains start  into  view,  from  a  sudden  change  in  the 
density  of  the  air,  occasioned  by  a  heavy  shower, 
after  a  long  course  of  dry  and  hot  weather.  In 
looking  at  distant  objects  through  a  telescope, 
over  the  top  of  a  ridge  of  hills,  about  two  miles 
distant,  I  have  several  times  observed  that  soma 
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of  the  more  distant  objects  which  are  sometimes 
hid  by  the  interposition  of  a  ridge  of  hills,  are  at 
other  times  distinctly  visible  above  them.  I  have 
sometimes  obseived  tliat  objects  near  tlie  middle 
of  tlie  field  of  view  of  a  telescope,  which  was  in 
a  fixt'd  position,  have  suddenly  appeared  to  de- 
scend to  the  lower  part,  or  ascend  to  the  upper 
part  of  the  field,  while  the  telescope  remained 
unaltered.  I  have  likewise  seen,  with  a  powerful 
telescope,  the  Bell  Rock  Lighthouse,  at  the  ois- 
tauce  of  about  twenty  miles,  to  appCMr  as  if  con- 
tracted to  less  than  two-thirds  of  its  usual  appa- 
rent hight,  while  every  part  of  it  was  quite  dis- 
tinct and  well-defined,  and  in  the  course  of  an 
hour,  or  less,  appeared  to  shoot  up  to  its  usual 
apparent  elevation  —  all  which  phenomena  are 
evidently  produced  by  the  same  cause  to  which 
we  have  been  adverting. 

Such  are  some  of  the  striking  eff'cts  produced 
by  the  refraction  of  light.  It  enables  us  to  see 
objects  in  a  direction  where  they  are  not;  it  raises, 
apparently,  the  bottoms  of  lakes  and  rivers;  it 
magnifies  objects  when  their  light  passes  through 
dense  mediums;  it  makes  the  sun  appear  above  the 
liorizon  when  he  is  actually  below  it,  and  thus  in- 
creases the  length  of  our  day;  it  produces  the  Auro- 
ra and  the  evening  twiligbt,  which  forms,  in  many 
instances,  the  most  deliglitful  part  of  a  summer  day; 
it  prevents  us  from  being  involved  in  total  darkness, 
the  moment  after  the  sun  has  descended  beneath 
the  liorizon;  it  modifies  the  appearances  of  the  ce- 
'estial  bodies,  and  the  directions  in  which  tliey  are 
beheld;  it  tinges  the  sun,  moon,  and  stars,  as  well 
as  the  clouds,  with  a  ruddy  hue  when  near  the 
horizon;  it  elevates  the  appearance  of  terrestrial 
objects,  and,"in  certain  extraordinary  cases,  brings 
them  nearer  to  our  view,  and  enables  us  to  behold 
them  when  beyond  the  line  of  our  visible  horizon, 
lu  combination  with  the  power  of  reflection,  it 
creates  visionary  landscapes,  and  a  variety  of  gro- 
tesque and  e.xtraordinary  appearances,  which  de- 
light and  astonish,  and  sometimes  appall  the  be- 
holders. In  short,  as  we  shall  afterward  see  more 
particularly,  the  refraction  of  light  through  glasses 
of  different  figures  forms  the  principle  on  which 
telescopes  and  microscopes  are  constructed,  by 
which  both  the  remote  and  the  minute  wonders 
of  creation  have  been  disclosed  to  view.  So  that, 
had  there  been  no  bodies  capable  of  refracting  tae 
rays  of  light,  we  should  have  remained  forever  ig- 
norant of  many  sublime  and  august  objects  in 
the  remote  regions  of  the  universe,  and  of  the 
admirable  mechanism  and  the  countless  variety 
of  minute  objects  which  lie  beyond  the  range  of 
the  unassisted  eye  in  our  lower  creation,  all  of 
which  are  calculated  to  direct  our  views,  and  to 
enlarge  our  conceptions  of  the  Almighty  Creator. 

In  the  operation  of  the  law  of  refraction  in 
these  and  numerous  other  instances,  we  have  a 
specimen  of  the  diversified  and  beneficent  effects 
which  the  Almighty  can  produce  by  the  agency 
of  a  single  principle  in  nature.  By  the  influence 
of  the  simple  law  of  gravitation  the  planets  are 
retained  in  their  orbits,  the  moon  directed  in  her 
course  around  the  earth,  and  the  whole  of  the 
bodies  connected  with  the  sun  preserved  in  one 
harmonious  system.  By  the  same  law  the  moun- 
tains of  our  globe  rest  on  a  solid  basis,  the  rivers 
flow  through  the  plains  toward  the  seas,  the  ocean 
is  confined  to  its  prescribed  boundaries,  and  the 
inhabitants  of  the  earth  are  retained  to  its  surface, 
and  prevented  from  flying  upward  through  the 
voids  of  space.  In  like  manner,  the  law  by 
which  light  is  refracted  produces  a  variety  of 
beneficial  effects  essential  to  the  present  constitu- 
tion of  our  world  and  the  comfort  of  its  inhabit- 


ants. When  a  ray  of  light  enters  obliquely  into 
the  atmosphere,  instead  of  passing  directly  through 
it  bends  a  little  downward,  so  that  the  greater 
portion  of  the  rays  which  thus  enter  the  atmo- 
spheric mass  descend  by  inflection  to  the  earth. 
We  then  enjoy  the  benefits  of  that  light  which 
would  otherwise  have  been  totally  lost.  We  per- 
ceive the  light  of  day  an  hour  before  the  solar 
orb  makes  its  appearance,  and  a  portion  of  its 
light  is  still  retained  when  it  has  descended  nearly 
eighteen  degrees  below  our  horizon.  We  thus 
enjoy,  throughout  the  year,  seven  hundred  and 
thirty  hours  of  light  wliich  would  have  been  lost 
had  it  not  been  refracted  down  upon  us  from  the 
upper  regions  of  the  atmosphere.  To  the  inhabi- 
tants of  the  polar  regions  tiiis  effect  is  still  more 
interesting  and  beneficial.  Were  it  not  for  their 
twilight,  they  would  be  involved,  for  a  much 
longer  period  than  they  now  are,  in  perpetual 
darkness;  but  by  the  powerful  refraction  of  light 
which  takes  place  in  the  frigid  zones,  the  day 
sooner  makes  its  appearance  toward  spring,  and 
their  long  winter  nights  are,  in  certain  cases, 
shortened  by  the  period  of  thirty  days.  Under 
the  poles,  where  the  darkness  of  night  would  con- 
tinue six  months  without  intermission,  if  there 
were  no  refraction,  total  darkness  does  not  prevail 
during  the  one-half  of  this  period.  When  the 
sun  sets,  at  the  north  pole,  about  the  23d  of  Sep- 
tember, the  inhabitants  (if  any)  enjoy  a  perpetual 
aurora  until  he  has  descended  eighteen  degrees 
below  the  horizon.  In  his  course  through  the 
ecliptic  the  sun  is  two  months  before  he  can  reach 
this  point,  during  which  time  there  is  a  perpetual 
twilight.  In  two  months  more  he  arrives  again 
at  the  same  point,  namely,  eighteen  degrees  be- 
low the  horizon,  when  a  new  twiliglit  commences, 
which  is  continually  increasing  in  brilliancy  for 
other  two  months,  at  tlie  end  of  which  the  body 
of  this  luminary  is  seen  rising  iu  all  its  glory. 
So  that,  in  this  region,  the  light  of  day  is  enjoyed 
in  a  greater  or  less  degree,  for  ten  months  without 
interruption  by  the  effects  of  atmospheric  redac- 
tion; and,  during  the  two  months  when  the  in- 
fluence of  the  solar  light  is  entirely  withdrawn, 
the  moon  is  shining  above  the  horizon  for  two 
half  months  without  intermission;  and  thus  it 
happens  that  no  more  than  two  separate  fort- 
nights are  passed  in  absolute  darkness;  and  this 
darkness  is  alleviated  by  the  light  of  the  stars  and 
the  frequent  coruscations  of  the  Aurora  Borealis. 
Hence  it  appears  that  there  are  no  portions  of  our 
globe  that  enjoy,  throughant  the  year,  so  large  a 
portion  of  the  solar  light  as  these  northern  regions, 
which  is  chiefly  owing  to  the  refraction  of  the 
atmosphere. 

The  refraction  of  light  by  the  atmosphere,  com- 
bined with  its  power  of  reflecting  it,  is  likewise 
the  cause  of  that  universal  light  and  splendor 
which  appears  on  all  tl,e  objects  around  us.  Were 
the  earth  disrobed  of  its  atmosphere,  and  exposed 
naked  to  the  solar  beams,  in  this  case  we  might 
see  the  sun  without  having  day,  strictly  so  called. 
His  rising  would  not  be  preceded  by  any  twilight 
as  it  now  is.  The  most  intense  darkness  would 
cover  us  until  the  very  moment  of  his  rising;  ha 
would  then  suddenly  break  out  from  under  the 
horizon  with  the  same  splendor  he  would  exhibit 
at  the  highest  part  of  his  course,  and  would  not 
change  his  brightness  until  the  very  moment  of 
his  setting,  when,  iu  an  instant,  all  would  be  black 
as  the  darkest  night.  At  noonday  we  should  see 
the  sun  like  an  intensely-brilliant  globe  shining 
in  a  sky  as  black  as  ebony,  like  a  clear  fire  in  the 
night  seen  iu  the  midst  of  an  extensive  field,  and 
his    rays  would  show  us  tlie   adjacent   objecta 
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immediately  around  us:  buttha  rays  which  fallen 
the  objects  remote  from  us  would  be  forever  lost 
in  the  expanse  of  the  heavens.  Instead  of  the 
beautiful  azure  of  the  sky,  and  the  colors  which 
distinguish  the  face  of  nature  by  day,  we  should 
see  nothing  but  an  abyss  of  darkness,  and  the  stars 
shining  from  a  vault  as  dark  as  chaos.  Thus  there 
would  be  no  day,  such  us  we  now  enjoy,  without 
the  atniospiiere:  since  it  is  by  the  refraction  and 
reflections  connected  with  this  aerial  fluid  that 
light  is  so  moJified  and  directed  as  to  produce  all 
that  beauty,  splendor,  and  harmony  which  appear 
on  the  coiiCMve  of  tiie  sky,  and  on  the  objects 
which  diversify  our  terrestrial  abode. 

The  eiFect  of  refraction,  in  respect  to  terrestrial 
objects,  is  likewise  of  a  beneficial  nature.  The 
quantity  of  this  refraction  is  estimated  by  Dr. 
Maskelyne  at  one-tenth  of  the  distance  of  the 
object  observed,  expressed  in  degrees  of  a  great 
circle.  Hence,  if  the  distance  be  10,000  fathoms, 
its  tenth  part  1000  fathoms,  is  the  sixtieth  part  of 
a  degree,  or  one  minute,  which  is  the  refraction 
in  altitude;  Le  Gendre  estimates  it  at  one-four- 
teenth, De  Lambre  at  one-eleventh,  and  others  at 
a  twelfth  of  the  distance;  but  it  must  be  supposed 
to  vary  at  different  times  and  places  according  to 
the  varying  state  of  the  atmosphere.  This  refrac- 
tion, as  it  makes  objects  appear  to  bs  raised  higher 
than  they  really  are,  enlarges  the  extent  of  our 
landscapes,  and  enables  us  to  perceive  distant  ob- 
jects which  would  otherwise  have  been  invisible. 
It  is  particularly  useful  to  the  navigator  at  sea. 
It  is  one  important  object  of  the  mariner,  when 
traversing  his  course,  to  look  out  for  capes  and 
headlands,  rocks  and  islands,  so  as  to  descry  them 


as  soon  as  they  are  witliin  the  reach  of  his  eya 
Now,  by  means  of  refraction,  the  tops  of  hills 
and  the  elevated  parts  of  coasts  are  apparently 
raised  into  the  air,  so  that  they  may  be  discovered 
several  leagues  farther  ofT  on  the  sea  than  they 
would  be  did  no  such  refractive  power  exist.  This 
circuuistance  is  therefore  a  considerable  benefit  to 
the  science  of  navigation,  in  enabling  the  ma- 
riner to  steer  his  course  aright,  and  to  give 
him  the  most  early  warning  of  tiie  track  he  ought 
to  take,  or  of  .the  dangers  to  which  he  may  be 
exposed. 

In  short,  the  effects  produced  by  the  refraction 
and  reflection  of  light  on  the  scenery  connected 
with  our  globe  teach  us  that  these  principles,  in 
the  hand  of  the  Almighty,  might  be  so  modified 
and  directed  as  to  produce  the  most  picturesque, 
the  most  glorious,  and  wonderful  phenomena, 
such  as  mortal  eyes  have  never  yet  seen,  and  of 
which  human  imagination  can  form  no  concep- 
tion; and  in  other  worlds,  more  resplendent  and 
magnificent  than  ours,  such  scenes  may  be  fully 
realized,  in  combination  with  the  operation  of 
physical  principles  and  agents  with  which  we  are 
at  present  unacquainted.  From  what  we  already 
know  of  the  effects  of  the  reflection  and  the  re- 
fraction of  light,  it  is  not  beyond  the  bounds  of 
probability  to  suppose  that,  in  certain  regions  of 
t!ie  universe,  light  may  be  reflected  and  refracted 
through  different  mediums,  in  such  a  manner  as 
to  present  to  the  view  of  their  inhabitants  the 
prominent  scenes  connected  with  distant  systems 
and  worlds,  and  to  an  extent  as  shall  infinitely 
surpass  the  effects  produced  by  our  most  powerful 
telescopes. 


CHAPTEU   III. 

ON  THE  REFRACTION  OF  LIGHT  THROUGH  SPHERICAL  TRANSPARENT  SUB- 
STANCES, OR  LENSES. 


It  is  to  the  refraction  of  light  that  we  are  in- 
debted for  the  use  of  lens-^s  or  artificial  glasses  to 
aid  the  powers  of  the  vision.  It  lays  the  founda- 
tion of  telescopes,  microscopes,  camera  obscuras, 
phantasmagorias, and  other  optical  instruments,  by 
which  so  many  beautiful,  useful,  and  wonderful 
effects  have  been  produced.     In  order,  therefore,  to 

Fig.  5. 

Plano-concave. 
Double  Convex. 
Double  Concave. 

Meniscus. 
Concavo-convex. 

illustrate  the  principles  on  which  such  instruments 
are  constructed,  it  is  necessary  to  explain  the  man- 
ner in  which  the  rays  of  light  are  refracted  ana 
modified  when  passing  through  spherical  mediums 
of  different  forms.  I  do  not  intend,  however,  to 
enter  into  the  minutiaj  of  this  subject,  nor  into  any 


abstract  mathematical  demonstrations,  but  shall 
simply  offer  a  few  explanations  of  general  princi- 
ples, and  several  experimental  illustrations,  which 
may  enable  the  general  reader  to  understand  the 
construction  of  the  optical  instruments  to  be  after- 
ward described. 

A  lens  is  a  transparent  substance  of  a  different 
density  from  the  surrounding  medium,  and  termi- 
nating in  two  surfaces,  either  both  spherical,  or  one 
spheriftal  and  the  other  plain.  It  is  usually  made 
of  fflass,  but  may  also  be  formed  of  any  other 
transparent  substance,  as  ice,  crystal,  diamonds, 
pebbles,  or  fluids  of  different  densities  and  refrac- 
tive powers,  inclosed  between  concave  glasses. 
Lenses  are  ground  into  various  forms,  according 
to  the  purpose  they  are  intended  to  serve.  They 
may  be  generally  distinguished  as  being  either 
convex  or  concave.  A  convex  glass  is  thickest  in 
the  middle,  and  thinner  toward  the  extremities. 
Of  these  there  are  various  forms,  which  are  repre- 
sented in  fig.  5.  ^  is  a  plano-convex  lens,  which 
has  one  side  plane,  and  the  other  spherical  or 
convex.  1?  is  a  plano-concave,  which  is  plane  on 
the  one  side  and  concave  on  the  other.  C  is  a 
double-convex,  or  one  which  is  spherical  on  both 
sides.  D,  a  double-concave,  or  concave  on  both 
sides.  E  is  called  a  meniscus,  which  is  convex  on 
one  side  and  concave  on  the  other.  jP  is  a  con- 
cavo-convex, the  convex  side    of  which   is  of  a 
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mnaller  sphere  than  the  concave.  In  regard  to 
the  degree  of  convexity  or  concavity  in  lenses,  it 
is  eviuent  tliat  there  may  be  almost  an  infinite 
varit'ty.  For  every  convex  surface  is  to  be  con- 
sidered as  the  segment  of  a  circle,  the  diameter 
and  tile  radius  of  which  may  vary  to  almost  any 
extent.  Hence  lenses  have  been  formed  by  op- 
ticians, varying  from  one  fiftieth  of  an  inch  in 
radius  to  two  hundred  feet.  When  we  speak  of 
the  length  of  the  radius  of  a  lens,  as,  for  instance 
when  we  say  that  a  lens  is  two  inches  or  forty 
inches  radius,  we  m.'an  that  the  convex  surface  of 
the  class  is  the  part  of  a  circle,  the  radius  of 
which,  or  half  the  diameter,  is  two  inches  or  forty 
inches;  or,  in  other  words,  were  the  portion  of 
the  sphere  on  which  it  is  ground  formed  into  a 
globe  of  corresponding  convexity,  it  would  be  four 
inches  or  eighty  inches  in  diameter. 

The  axis  of  a  lens  is  a  straight  line  drawn 
through  the  center  of  its  spherical  surface;  and, 
as  the  spherical  sides  of  every  lens  are  arches  of 
circles,  the  axis  of  the  lens  would  pass  through 
the  center  of  that  circle  of  wliich  its  sides  are 
segments.  Rays  are  those  emanations  of  light 
which  proceed  from  a  luminous  body,  or  from  a 
body  that  is  illuminated.  The  Radiant  is  that 
body  or  object  which  emits  the  rays  of  light, 
whether  it  be  a  self-luminous  body,  or  one  that 
only  reflects  the  rays  of  light.  Rays  may  proceed 
from  a  Radiant  in  different  directions.  I'hey  may 
be  oitlier  parallel,  converging,  or  diverging.  Pa- 
rallel rays  are  those  which  proceed  equally  distant 
from  each  otlier  through  their  whole  course. 
Rays  proceeding  from  the  sun,  the  planets,  the 
stars,  and  distant  terrestrial  objects  are  considered 
as  parallel,  as  in  fig.  6.  Converging  rays  are  such 
as,  proceeding  from  a  body,  approach  nearer  and 
nearer  in  their  progress,  tending  to  a  certain  point 
where  they  all  unite.  Thus  the  rays  proceeding 
from  the  object  A  B  (fig.  7)  to  the  point  F,  arc  said 
to  converge  toward  that  point.  All  convex  glasses 
cau.se  parallel  rays  which  fall  upon  them  to  con- 
verge in  a  greater  or  less  degree ;  and  they  render 
converging  rays  still  more  convergent.  If  A  B, 
fig.  7,  represent  a  convex  lens,  and  H  G  I  parallel 
rays  falling  upon  it,  they  will  be  refracted,  and 
converge  toward  the  point  F,  which  is  called  the 
^cws  or  burning  point ;  because  when  the  sun's 
rays  are  thus  converged  to  a  point  by  a  large  lens, 
they  set  on  fire  combustible  sub.stances.  In  this 
point  the  rays  meet  and  intersect  each  other. 
Diverging  rays  are  those  which,  proceeding  from 
any  point,  as  A,  fig.  8, continually  recede  from  each 
other  as  they  pass  along  in  their  course  toward  B 
C.  All  the  rays  which  proceed  from  near  objects, 
as  a  window  in  a  room,  or  an  adjacent  house  or 
garden,  are  more  or  less  divergent.  The  following 
figures  show  the  effects  of  parallel,  converging, 
and  diverging  rays,  in  passing  through  a  donble 
convex  lens : 

Fig.  9  shows  the  effects  of  parallel  rnvs,  K  A, 
D  E,  L  B,  falling  on  a  convex  glass,  A  B.  The 
rays  which  fall  near  the  extremities  at  A  and  B 
are  bent  or  refracted  toward  C  F,  the  focus,  and 
center  of  convexity.  It  will  be  observed  that  they 
are  less  retracted  as  they  approach  the  center  of 
the  lens,  and  the  central  ny  DEC,  which  is 
called  the  axis  of  the  lens,  and  which  passes 
through  its  center,  suffers  no  refraction.  Fig.  10 
exhibits  the  course  of  cnnverginq  rays  when  pass- 
ing through  a  similar  lens.  In  this  case  the  rays 
converge  to  a  focus  nearer  to  the  lens  than  the 
center;  for  a  convex  lens  uniformly  increases  the 
convergence  of  converging  rays.  The  converging 
rays  here  represented  may  be  conceived  as  having 
been  refracted  by  another  convex  lens  of  a  longer 
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focus,  and  passing  on  toward  a  point  of  conver- 
gence, were  intercepted  by  the  lens  A  B.  The 
point  D  is  the  place  wliere  the  rays  would  have 
converged  to  a  focus,  had  tliey  not  been  thus 
intercepted.  Fig.  11  represents  the  course  of  di- 
verging rays  when  falling  on  a  double  convex 
glass.  In  this  case,  the  rays  D  B,  D  A,  &c.,  after^ 
passing  through  the  lens,  converge  to  a  focus  at  a 
point  considerably  further  from  the  lens  than  its 
center,  as  at  F.    Such  rays  must  be  considered  as 

Fig.  11.  Fig.  9.  Fig.  10. 
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proceeding  from  near  objects,  and  the  fact  may  be 
illustrated  by  the  following  experiment:  Take  a 
common  reading  glass,  and  hold  it  in  the  rays  of 
the  sun,  opposite  a  sheet  of  writing  paper  or  a 
white  wall,  and  observe  atxvhat  distance  from  the 
glass  the  rays  on  the  paper  converge  to  a  small, 
distinct  white  spot.  This  distance  gives  the  focal 
length  of  the  lens  by  parallel  rays.  If  nov/  we 
hold  the  glass  within  a  few  feet  of  a  window,  or  a 
burning  candle,  and  receive  its  image  on  the  paper, 
the  focal  distance  of  the  image  from  the  glass  will 
be  found  to  be  longer.  If,  in  the  former  case, 
the  focal  distance  was  twelve  inches,  in  the  latter 
case  it  will  be  thirteen,  fifteen,  or  sixteen  inches, 
according  to  the  distance  of  the  window  or  the 
candle  from  the  glass. 

If  the  lens  A  B,  fig.  9,  on  which  parallel  rays 
are  represented  as  falling,  were  a  plano-convex,  as 
represented  at  A,  fig.  5,  the  rays  would  converge 
to  a  point  P,  at  double  the  radius,  or  the  whole 
diameter  of  tlie  sphere  of  which  it  is  a  segment. 
If  the  thickness,  of  a  piano  convex  be  considered, 
and  if  it  be  exi)Osed  on  its  convex  side  to  parallel 
rays  as  those  of  the  sun,  the  focus  will  be  at  the 
distance  of  twice  the  radius,  u-anting  two-thirds  of 
the  thickness  of  the  lens.  But  if  the  same  lens  bo  ex- 
posed with  its  plane  side  to  parallel  rays,  the  focua 
will  then  be  precisely  at  the  distance  of  twice  tho 
radius  from  tho  glass. 
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The  effects  of  concave  lenses  are  directly  oppo- 
site to  those  of  convex.  Parallel  rays,  slrikinir 
one  of  those  glasses,  instead  of  converging  tovvard 
a  point,  are  made  to  diverye.  Rays  already  di- 
vergent are  rendered  more  so,  and  convergent  rays 
are  made  less  convergent,  flence  objects  seen 
tiirough  concave  glasses  appear  considerably  small- 
er and  more  distant  than  they  really  are.  The 
following  diagram,  fig.  12,  represents  the  course 
of  parallel  rays  through  a  double  concave  lens, 
where  the  parallel  rays  T  A,  D  E,  IB,  &c.  when 
passing  through  the  concave  glass  ^4  B,  diverge 
into  the  rays  G  L,  E  C,  H  P,  &c.,  as  if  they  pro- 
ceeded from  i- ,  a  point  before  the  lens,  which  is 
the  principal  focus  of  the  lens  : 

Fig.  12. 
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The  principal  focal  distance,  E  F,  is  t]ie  same 
as  in  convex  lenses.  Concave  glasses  are  used  to 
correct  the  imperfect  vision  of  short-sighted  per- 
sons. As  the  form  of  the  eye  of  such  persons  is 
too  convex,  the  rays  are  made  to  converge  before 
they  reach  the  optic  nerve;  and  therefore  a  con- 
cave glass,  causing  a  little  divergency,  assists  this 
defect  of  vision,  by  diminishing  the  effect  pro- 
duced by  the  too  great  convexity  of  the  eye,  and 
lengthening  its  focus.  These  glasses  are  seldom 
used,  in  modern  times,  in  t!ie  construction  of  op- 
tical instruments,  except  as  ey-glassjs  for  small 
pocket  perspectives,  and  opera-glasses. 

To  find  the  focal  disiance  of  a  concave  glass, — 
Take  a  piece  of  pasteboard  or  card  paper,  and  cut 
a  round  hole  in  it,  not  larger  than  the  diameter  of 
the  lens;  and  on  another  piece  of  pasteboard  de- 
scribe a  circle  whose  diameter  is  just  double  the 
diameter  of  the  hole.  Then  apply  the  piece  with 
the  hole  in  it  to  the  lens,  and  hold  them  in  the 
sunbeams,  with  the  other  piece  at  such  a  distance 
behind  that  the  light  proceeding  from  the  hole 
may  spread  or  diverge  so  as  precisely  to  fill  the 
circle;  then  the  distance  of  the  circle  from  the 
leus  is  equal  to  its  virtual  focus,  or  to  its  radius, 
if  it  be  a  double  concave,  and  to  its  diameter,  if 
a  plano-concave.  Let  d,  e  (fig.  12)  represent  the 
diameter  of  the  hole,  and  9,  i,  the  diameter  of  the 
circle,  then  the  distance  C,  /,  is  the  virtual  focus 
of  the  lens.* 

The  meniscus,  represented  at  E,  fig.  5,  is  like 
the  crystal  of  a  common  watch,  and,  as  the  con- 
vexity is  the  same  as  the  concavity,  it  neither 
magnifies  nor  diminishes.  Sometimes,  however, 
it  is  made  in  the  form  of  a  crescent,  as  at  F,  fig. 
5,  and  is  called  a  concavo-convex  lens;  and,  when 
the  convexity  is  greater  than  the  concavity,  or 
when  it  is  thickest  in  the  middle,  it  acts  nearly  in 
the  same  way  as  a  double  or  plano-convex  lens  of 
the  same  focal  distance. 

OF    THE   IMAGES    I'OKMED    BY    CONVEX   LENSES. 

It  is  a  remarkable  circumstance,  and  which 
would  naturally  excite  admiration,  were  it  not  so 

*  This  mode  of  finding  tlie  focus  of  a  concave  lens  mrij' 
be  varied  as  follows  :  Let  the  lens  be  covered  with  pnpor, 
having  two  small  circular  holes;  and,  on  the  paper  for  re- 
ceiving the  light,  describe  also  two  small  circles,  hut  with 
their  centers  at  twice  the  distance  from  each  other  of  the 
centers  of  the  circles.  Then  move  the  paper  to  and  from, 
until  the  middle  of  the  sun's  light,  coming  through  the  holes, 
falls  exactly  on  the  middle  of  the  circles;  that  distance  of 
the  paper  from  the  lens  will  be  the  focal  length  required. 


common  and  well  known,  that  when  the  rays  of 
light  from  any  object  are  refracted  through  a  convex 
Icvs,  they  paint  a  distinct  and  accurate  picture  of 
the  object  before  it,  in  all  its  colors,  shades,  and  pro- 
portions. Previous  to  experience,  we  coulu  have  had 
no  conception  tiiat  light,  when  passing  tiirough 
such  substances,  and  converging  to  a  point,  could 
have  produced  so  admirable  an  effect — an  effect 
on  which  the  construction  and  utility  of  all  our 
optical  instruments  depend.  The  following  figure 
will  illustrate  this  position  : 


Fig.  13. 


Let  L  N  represent  a  double  convex  lens.  A,  C,  a 
its  axis,  and  O  B  an  object  perpendicular  to  it. 
A  ray  passing  from  the  extremity  of  the  o!)ject  at 
O,  after  being  refracted  by  the  lens  at  F,  will  pass 
on  in  the  direction  F I,  and  form  an  image  of  that 
part  of  the  object  at  /.  This  ray  will  be  the  axis 
of  all  the  rays  which  full  on  the  lens  from  the 
point  O,  and  /  will  be  the  focus  where  tlu-y  will 
all  be  collected.  In  like  manner,  B  C  M  is  the 
axis  of  that  parcel  of  rays  vvfhich  protjix'd  from 
the  extremity  of  the  object  B,  and  tiifir  focus 
will  be  at  M;  and  since  all  the  points  in  the  ob- 
ject between  O  and  B  must  necessarily  have  their 
foci  between  /and  Ma  complete  picture  of  tlie 
points  from  which  they  come  will  be  depicted, 
and  consequently  an  linage  of  the  whole  object 
OB. 

It  is  obvious,  from  the  figtfte,  that  the  image 
of  the  object  is  formed  in  tlie  focus  of  the  leus  in 
an  inverted  position.  It  must  necessarily  be  in 
this  position,  as  the  rays  cross  at  C,  the  center  of 
the  lens;  and  as  it  is  impossible  that  the  rays  from 
the  upper  part  of  the  objtct,  0,  can  be  carried  by 
refraction  to  the  upper  end  of  the  image  at  M 
This  is  a  universal  principle  in  relation  to  convey 
lenses  of  every  description,  and  requires  to  be  at- 
tended to  in  the  construction  and  use  of  ali  kinds 
of  telescopes  and  microscopes.  It  is  casilv  illus- 
trated by  experiment.  Take  a  convex  lens  of 
eight,  twelve,  or  fifteen  inches  focal  distance,  such 
as  a  reaiing  glass,  or  the  class  belonging  to  a  pair 
of  spectacles,  and  holding  it,  at  its  focal  distance 
from  a  wliite  wall,  in  a  line  with  a  bui-ning  can- 
dle, the  flame  of  the  cnndle  will  be  S'  en  depicted 
on  the  wall  in  an  inverted  position,  or  turned  up- 
side down.  The  same  experiment  may  be  per- 
formed with  a  window-sash,  or  anj'  other  bright 
object.  Bttt  the  most  beautiful  exhibition  of  the 
images  of  objects  formed  by  convex  lenses  is  made 
by  darkening  a  room,  and  placing  a  convex  lens 
of  a  long  foctil  distance  in  a  hole  cut  out  of  the 
window-shutter;  when  a  beautiful  inverted  land- 
scape or  picture  of  all  the  objects  before  the  win- 
dow, will  be  painted  on  a  white  paper  or  screen 
placed  in  the  focus  of  the  glass.  The  image  thu» 
formed  exhibits  not  only  the  proportions  and  co- 
lors, but  also  the  motions  of  all  the  objects  oj-po- 
site  the  lens,  forming,  as  it  were,  a  liring  land- 
scape. This  (troperty  of  lenses  lays  the  founda- 
tion of  the  camera  obscura,  an  instrument  to  bo 
afterward  described. 

The  following  principles  in  relation  to  iniages 
formed  by  convex  lenses,  may  be  stated  :  1 .  That 
the  image  subtends  the  same  angle  at  the  center  of 
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the  glass  as  the  object  itself  does.  Were  an  eye 
placed  at  C,  the  neuter  of  the  lens  L  N,  fig'.  13,  it 
would  tee  the  object  O  B  and  the  image  I M  un- 
der the  same  optical  angle,  or,  in  other  words, 
they  would  appear  equally 'large;  for,  whenever 
right  lines  intersect  each  other,  as  O  I  and  B  M, 
the  opposite  angles  are  always  equal,  that  is,  tiie 
angle  M  C/  is  equal  to  the  angle  O  C  B.  2.  The 
length  of  the  image  funned  by  a  convex  lens  is,  to 
the  length  of  the  object,  as  the  distance  of  the  image 
is  to  the  distance  of  the  object  from  the  lens;  that  is, 
MI  is  to  OB:  :asCAtoC^.  Suppose  the  dis- 
tance of  the  object  C  A  from  the  lens  to  be  forty- 
eight  inches,  the  length  of  the  object  0/?=^  six- 
teen inches,  and  the  distance  of  the  image  from 
the  lens  six  inches,  then  the  length  of  the  image 
will  be  found  by  the  following  proportion,  48  : 
16:  :6:  2,  that  is,  the  length  of  the  image,  in 
such  a  case,  is  two  inches.  3.  If  the  object  be  at 
an  inf-nite  distance,  the  image  will  be  formed  exactly 
in  the  focus.  4.  If  the  object  be  at  the  same  distance 
from  the  lens  as  its  focus,  the  image  is  removed  to  an 
infinite  distance  on  the  opposite  side;  in  other  words, 
the  rays  will  proceed  in  a  parallel  direction.  On 
this  principle,  lamps  on  the  streets  are  sometimes 
directed  to  throw  a  bright  light  along  a  footpath 
where  it  is  wanted,  when  a  large  convex  glass  is 
placed  at  its  focal  distance  from  the  burner;  and 
on  the  same  principle,  light  is  thrown  to  a  great 
distance  from  lighthouses,  either  by  a  very  large 
convex  lens  of  a  short  focal  distance,  or  by  a  con- 
cave reflector.  5.  If  the  object  be  at  double  the  dis- 
tance of  the  J'ocus  from  the  glass,  the  image  will  also 
be  at  double  the  distance  of  the  focus  from  the  glass. 
Thus,  if  a  lens  of  six  inches  focal  distance  be  held 
at  twelve  inches'  distance  from  a  candle,  the  image 
of  the  candle  will  be  formed  at  twelve  inches  from 
the  glass  on  the  other  side.  6.  If  the  object  be  a 
little  farther  from  the  lens  than  its  focal  distance,  an 
image  will  be  formed  at  a  distance  from  the  object, 
which  will  be  greater  or  smaller  in  proportion  to  the 
distance  For  example,  if  a  lens  five  inches  focus 
be  held  at  a  little  more  than  five  inches  from  a 
candle,  and  a  wall  or  screen  at  five  feet  six  inches' 
distance  receive  the  image,  a  large  and  inverted 
image  of  the  candle  will  be  depicted,  which  will 
be  magnified  in  proportion  as  the  distance  of  the 
)<^all  from  the  candle  exceeds  the  distance  of  the 
Jens  from  the  candle.  Suppose  the  distance  of 
the  lens  to  be  five  and  a  half  inches,  then  (he  dis- 
tance of  the  wall  where  the  image  is  formed,  be- 
ing twelve  times  greater,  the  image  of  the  candle 
will  be  m^ignified  twelve  times.  If  MI  (fig.  13) 
be  considered  as  the  object,  then  O  B  will  repre- 
sent the  magnified  image  on  the  wall.  On  this 
principle,  the  image  of  the  object  is  formed  by  the 
small  object-glass  of  a  compound  microscope.  On 
the  same  principle,  the  large  pictures  are  formed 
by  the  Magic  Lantern  and  the  Phantasmagoria; 
and  in  the  same  way  small  objects  are  represented 
in  a  magnified  form  on  a  sheet  or  wall  by  the  So- 
lar microscope.  7.  All  convex  lenses  magnify  the 
objects  seen  through  them,  in  a  greater  or  less  degree. 
The  shorter  the  focal  distance  of  the  lens,  the 
greater  is  the  magnifying  power.  A  lens  four 
inches  focal  distance  will  magnify  objects  placed 
in  the  focus  two  times  in  length  and  breadth;  a 
lens  two  inches  focus  will  magnify  four  times;  a 
lens  one  inch  focus,  eight  times;  a  lens  half  an 
Inch  focus,  sixteen  times,  &c.,  supposing  eight 
inches  to  be  the  least  distance  at  which  we  see 
near  objects  distinctly.  In  viewing  objects  with 
small  lenses,  the  object  to  be  magnified  should  be 
placed  exactly  at  the  focal  distance  of  the  lens, 
and  the  eye  at  about  the  same  distance  on  the 
other  side  of  the  lens.     When  we  speak  of  mag- 


nifying power,  as,  for  example,  that  a  lens  one 
inch  i^ocal  distance  magnifies  objects  eight  times, 
it  is  to  be  understood  of  the  lineal  dimensions  of 
the  object.  But  as  every  object  at  which  we  look 
has  breadth  as  well  as  length,  the  surface  of  the 
object  is  in  reality  magnified  sixty-four  times,  or 
the  square  of  its  lineal  dimensions;  and  for  the 
same  reason  a  lens  half  an  inch  focal  distance 
magnifies  the  surfaces  of  objects  25(j  times. 

REFLECTIONS     DEDUCED    FROM     THE    PRECEDING    SUB- 
JECT. 

Such  are  some  of  the  leading  principles  which 
require  to  be  recognized  in  the  construction  of 
refracting  telescopes,  microscopes,  and  otiier  diop- 
tric instruments  whose  performance  chiefly  de- 
pends on  the  refraction  of  light.  It  is  worthy  of 
particular  notice,  that  all  the  phenomena  of  opti- 
cal lenses  now  described  depend  upon  that  pecu- 
liar property  which  the  Creator  has  impressed 
upon  the  rays  of  light,  that,  when  they  are  refract- 
ed to  a  focus  by  a  convex  transpare7it  substance,  they 
depict  an  accurate  image  of  the  objects  whence  they 
proceed.  Tliis,  however  common,  and  however 
much  overlooked  by  the  bulk  of  mankind,  is,  in- 
deed, a  very  wonderful  property  with  which  light 
has  been  indued.  Previous  to  experience,  we 
could  have  had  no  conception  that  such  an  effect 
would  be  produced;  and,  in  the  first  instance,  we 
could  not  possibly  have  traced  it  to  all  its  conse- 
quences. All  the  objects  in  creation  might  have 
been  illuminated  as  they  now  are,  for  aught  we 
know,  without  sending  forth  either  direct  or  re- 
flected rays  with  the  property  of  jorming  exact  rep- 
resentations of  the  objects  whence  they  proceed.  But 
this  we  find  to  be  a  universal  law  in  regard  to 
light  of  every  description,  whether  as  emanating 
directly  from  the  sun,  or  as  reflected  from  the 
objects  he  illuminates,  or  as  proceeding  from 
bodies  artificially  enlightened.  It  is  a  law  or  a 
property  of  light  not  only  in  our  own  system,  bat 
throughout  all  the  systems  of  the  universe  to 
which  mortal  eyes  have  yet  penetrated.  The  rays 
from  the  most  distant  star  which  astronomers  have 
described  are  indued  with  this  property,  other- 
wise they  could  never  have  been  perceived  by 
means  of  our  optical  instruments;  for  it  is  by 
the  pictures  or  images  formed  in  these  instru- 
ments that  such  distant  objects  are  brought  to 
view.  Without  this  property  of  light,  therefore, 
we  should  have  had  no  telescopes,  and,  conse- 
quently, we  could  not  have  surveyed,  as  we  cau 
now  do,  the  hills  and  vales,  the  deep  caverns,  the 
extensive  plains,  the  circular  ranges  of  mountains, 
and  many  other  novel  scenes  which  diversify  the 
surface  of  our  moon.  We  should  have  known 
nothing  of  the  stupendous  spots  which  appear  on 
the  surface  of  the  sun — of  the  phases  of  Venus — 
of  the  satellites  and  belts  of  Jupiter — of  the  majes- 
tic rings  of  Saturn — of  the  existence  of  Uranun 
and  his  six  moons,  or  of  the  planets  Vesta,  Juno, 
Ceres,  and  Pallas,  nor  could  the  exact  bulks  of  any 
of  tlicse  bodies  have  been  accurately  determined. 
But,  above  all,  we  should  have  been  entirely  igno- 
rant of  the  wondpvfnl  r.ii»':.Oiiacna  of  double  stars 
— •which  demonstrate  that  suns  revolve  around 
suns~of  the  thousands  and  millions  of  stars  which 
crowd  the  profundities  of  the  Milky  Way  and  other 
regions  of  the  heavens — of  the  thousands  of  nebu- 
la; or  starry  systems  which  are  dispersed  through- 
out the  immensity  of  the  firmament,  and  many 
other  objects  of  sublimity  and  grandeur,  which 
fill  the  contemplative  mind  with  admiration  and 
awe,  and  raise  its  faculties  to  higher  conceptioiM 
than  it  could  otherwise  have  formed  of  the  om- 
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nipotence  and  grandeur  of  the  Almighty  Crea- 
tor. 

Without  this  property  of  tlie  rays  of  light,  we 
should,  likewise,  have  wanted  the  use  of  the  mi- 
croscope, an  instrument  which  has  disclosed  a 
world  invisible  to  common  eyes,  and  has  opened 
to  our  view  the  most  astonishing  exhibitions  of 
Divine  mechanism,  and  of  the  wisdom  and  intel- 
ligence of  the  Eternal  Mind.  We  should  have 
been  ignorant  of  those  tribes  of  living  beings,  in- 
visible to  tlie  unassisted  eye,  which  are  found  in 
water,  vinegar,  and  many  other  fluids,  many  of 
which  are  twenty  thousand  time^  smaller  tiian  the 
least  visible  point,  and  yet  display  the  same  admi- 
rable skill  and  contrivance  in  their  construction 
as  are  manifested  in  the  formation  of  the  larger 
animals.  We  should  never  have  beheld  the  pur- 
ple tide  of  life,  and  even  the  globules  of  the  blood 
rolling  with  swiftness  through  veins  and  arteries 
smaller  than  the  finest  hair;  or  had  the  least  con- 
ception that  numberless  species  of  animated  be- 
ings, so  minute  that  a  million  of  them  are  less 
than  a  grain  of  sand,  could  have  been  rendered 
visible  to  human  eyes,  or  that  such  a  number  of 
vessels,  fluids,  movements,  diversified  organs  of 
sensation,  and  such  a  profusion  of  the  richest  or- 
naments and  the  gayest  colors  co^ld  have  been 
concentrated  in  a  single  point.  We  should  never 
have  conceived  that  even  the  atmosphere  is  re- 
plenished with  invisible  animation,  that  the  waters 
abound  with  countless  myriads  of  sensitive  exist- 
ence, that  the  whole  earth  is  full  of  lile,  and  that 
there  is  scarcely  a  tree,  plant,  or  flower  but  affords 
food  and  shelter  to  a  species  of  inhabitants  pecu- 
liar to  itself,  which  enjoy  the  pleasures  of  exist- 
ence and  share  in  the  bounty  of  the  Creator. 
We  could  have  formed  no  conception  of  the  beau- 
ties and  the  varieties  of  mechanism  which  are  dis- 
played in  the  scenery  of  that  invisible  world  to 
which  the  microscope  introduces  us — beauties  and 
varieties,  in  point  of  ornament  and  delicate  con- 
trivance, which  even  surpass  what  is  beheld  in 
the  visible  operations  and  aspect  of  nature  around 
us.  We  find  joints,  muscles,  a  heart,  stomach, 
entrails,  veins,  arteries,  a  variety  of  motions,  a 
diversity  of  forms,  and  a  multiplicity  of  parts  and 
functions  in  breathing  atoms.  We  behold  in  a 
small  fiber  of  a  peacock's  feather,  not  more  than 
one-eighth  of  an  inch  in  length,  a  profusion  of 
beauties  no  less  admirable  than  is  presented  by 
the  whole  feather  to  the  naked  eye,  a  stem* send- 
ing out  multitudes  of  lateral  branches,  each  of 
which  emits  numbers  of  little  sprigs,  which  con- 
eist  of  a  multitude  of  bright  shining  globular 
parts,  adorned  with  a  rich  variety  of  colors.  In 
the  sections  of  plants,  we  see  thousands  and  ten 
thousands  of  tubes  and 'pores,  and  other  vessels 
for  the  conveyance  of  air  and  juices  for  the  sus- 
tenance of  the  plant;  in  some  instances,  more 
than  ten  hundred  thousand  of  these  being  com- 
pressed within  the  space  of  a  quarter  of  an  inch 
in  diumeter,  and  presenting  to  the  eye  the  most 
beautiful  configurations.     There  is  not  a  weed, 


nor  a  moss,  nor  the  most  insignificant  vegetable, 
which  does  not  show  a  multiplicity  of  vessels  dis- 
posed in  the  most  curious  manner  for  the  circula- 
tion of  sap  for  its  nourishment,  and  which  is  not 
adorned  with  innumerable  graces  for  its  embel- 
lishment. All  these  and  ten  thousands  of  other 
wonders  which  lie  beyond  the  limits  of  natural 
vision,  in  this  new  and  unexplored  region  of  the 
universe,  would  have  been  forever  concealed  from 
our  view  hud  not  the  Creator  indued  the  rays  of 
lightwitii  the  power  nUhpictlngtheima^s  ofohjects, 
when  refracted  by  convex  transparent  substances. 
In  this  instance,  as  well  as  in  many  oth.ers,  we 
bohold  a  specimen  of  the  admirable  and  diversified 
effects  which  the  Creator  can  produce  from  the 
agency  of  a  single  principle  in  nature.  By  means 
of  optical  instruments,  we  are  now  enabled  to 
take  a  more  minute  and  expansive  view  of  the 
amazing  operations  of  nature,  both  in  heaven  and 
on  earth,  than  former  generations  could  have  sur- 
mised. These  views  tend  to  raise  our  conceptions 
of  the  attributes  of  that  Almighty  Being  who  pre- 
sides over  all  the  arrangements  of  the  material 
system,  and  to  present  them  to  our  contemplation 
in  a  new,  a  more  elevated,  and  expansive  point 
of  view.  There  is,  therefore,  a  connection  which 
may  be  traced  between  the  apparently  accidental 
principle  of  the  rays  of  light  forming  images  of 
objects  and  the  comprehensive  views  we  are  now 
enabled  to  take  of  the  character  and  perfections 
of  the  Divinity.  Without  the  existence  of  the  law 
or  principle  alluded  to,  we  could  not,  in  the  pre- 
sent state,  have  formed  precisely  the  same  con- 
ceptions either  of  the  Omnipotence,  or  of  the 
wisdom  and  intelligence  of  the  Almighty.  Had 
no  microscope  ever  been  invented,  the  idea  never 
could  have  entered  into  the  mind  of  man  that 
worlds  of  living  beings  exist  beyond  the  range  of 
natural  vision,  that  organized  beings,  possessed 
of  animation,  e.xist,  whose  whole  bulk  is  less  than 
the  ten  hundred  thousandth  part  of  the  smallest 
grain  of  sand;  that,  descending  from  a  visible 
point  to  thousands  of  degrees  beyond  it,  an  invisi- 
ble world  exists,  peopled  with  tribes  of  every  form 
and  size,  the  extent  of  which,  and  how  far  it 
verges  toward  infinity  downward,  mortals  have 
never  yet  explored,  and  perhaps  will  never  be 
able  to  comprehend.  This  circumstance  alone 
presents  before  us  the  perfections  of  the  Divinity 
in  a  new  aspect,  and  plainly  intimates  that  it  is 
the  will  and  the  intention  of  the  Deity  that  we 
should  explore  his  works,  and  investigate  the 
laws  by  which  the  material  world  is  regulated, 
that  we  may  acquire  more  expansive  views  of  his 
character  and  operations.  The  inventions  of 
man,  in  relation  to  art  and  science,  are  not,  there- 
fore, to  be  considered  as  mere  accidental  occur- 
rences, but  as  special  arrangements  in  the  Divine 
government,  for  the  purpose  of  carrying  forward 
the  human  mind  to  more  clear  and  ample  views 
of  the  scejies  of  the  universe,  and  of  the  attributes 
and  the  agency  of  Him  "who  is  wonderful  in 
counsel  and  excellent  in  working  " 


CHAPTER    IV. 


ON    THE    REFLECTION    OF    LIGHT. 


TnK  rrfl/:ctvjn  of  the  rays  of  light  is  that  pro- 
perty by  which,  after  approaching  the  surfaces 
of  bodies,  they  are  tlirown  back,  or  repelled.  It 
is  in  consequence  of  this  property  that  all  the 
objects  around  us,  and  all  the  diversified  land- 
scapes on  our  globe  are  rendered  visible.  It  is  by 
light  reflected  from  their  surfaces  that  we  per- 
ceive the  planetary  bodies  and  their  satellites,  the 
belts  of  Jupiter,  the  rings  of  Saturn,  the  various 
objects  which  diversity  the  surface  of  the  Moon, 
and  all  the  bodies  in  the  universe  which  have  no 
light  of  their  own.  When  the  rays  of  light  fall 
upon  rough  and  uneven  surfaces,  they  are  reflect- 
ed very  irregularly,  and  scattered  in  all  directions, 
in  consequence  of  which  thousands  of  eyes,  at 
the  same  time,  may  perceive  the  same  objects, 
in  all  their  peculiar  colors,  aspects  and  relations. 
But  wlicu  they  fall  upon  certain  smooth  and 
polished  surfaces,  they  are  reflected  with  reirular- 
ity,  and  according  to  certain  laws.  Such  sur- 
faces, when  highly  polished,  are  called  Mirrors  or 
Speculums ;  and  it  is  to  the  reflection  of  light 
from  such  surfaces,  and  the  efl'ects  it  produces, 
that  I  am  now  to  direct  the  attention  of  the 
reader. 

Mirrors,  or  specula,  may  be  distinguished  into 
tJiree  kinds,  plane,  concave,  aud  convex,  according 
as  they  are  bounded  by  plane  or  spherical  sur- 
faces. These  are  made  either  of 'Wif^.'/i  or  of  glass, 
aud  have  their  surfaces  highly  polished  for  the 
purpose  of  reflecting  the  greatest  number  of  rays. 
Those  made  of  glass  are  foliated  or  quicksilvered 
on  one  side;  and  the  metallic  specula  are  general- 
ly formed  of  a  composition  of  diflerent  metallic 
substances,  which,  when  accurately  polished,  is 
found  to  reflect  the  greatest  quantity  of  light. — 
I  shall,  in  the  first  place,  illustrate  the  pheuomeiv* 
of  reflection  produced  hy  plane  mirrors. 

When  light  impinges,  or  falls,  upon  a  poHshed 
flat  surface,  rather  more  than  the  half  of  it  is  re- 
flected, or  thrown  back  in  a  direction  similar  to 
tliat  of  its  approach;  that  is  to  say,  if  it  fall  per- 
pendicularhj  on  the  polished  surface,  it  will  be 
perpendicularly  reflected,  but  if  it  fall  obliquehj,  it 
will  be  reflected  with  the  same  obliquity.  Hence, 
the  following  fundamental  law  regarding  the  re- 
flection of  light  has  been  deduced  both  from  ex- 
periment and  mathematical  demonstration,  namely, 
that  the  angle  of  re/lection  is,  in  all  cases,  exactly 
equal  to  the  angle  of  incidence.  This  is  a  law 
which  is  universal  in  all  cases  of  reflection, 
whether  it  be  from  plane  or  spherical  surfaces,  or 
whether  these  surfaces  be  concave  or  convex,  and 
which  requires  to  be  recognized  in  the  construc- 
tion of  all  instruments  which  depend  on  the  re- 
flection of  the  rays  of  light.  The  following  figure 
(fig.  14)  will  illustrate  the  position  now  stated: 

Let  A  B  represent  a  plane  mirror,  and  C  D 
a  line  or  ray  of  light  perpendicular  to  it.  Let 
F  D  represent  the  incident  ray  from  any  object, 
then  D  E  will  be  the  reflected  ray,  thrown  back 
in  the  direction  from  D  to  E,  and  it  will  make, 
with  the  perpendicular  CD,  the  same  angle  which 
the  incident  ray  F  D  did  with  the  same  perpen- 
dicular; that  is,  the  angle  F  D  C  will  be  equal 
to  the  an^fle  E  D  C,  in  all  cases  of   obliquity. 


The  incident  ray  of  light  may  be  considered  as 
rebounding  from  the  mirror,  like  a  tennis  ball 
from  a  marble  pavement,  or  the  wall  of  a  court. 

Fiff.  14. 


lu  viewing  objects  by  reflection,  we  see  thera 
in  a  different  direction  from  that  in  which  they 
really  are,  namely,  along  the  line  in  which  the 
rays  come  to  us  last.  Thus,  if  ^1  B  (fig.  15) 
represent  a  plane  mirror,  the  image  of  an  object, 
C,  appears  to  the  eye  at  E,  behind  the  mirror,  in 
the  direction  E  G,  and  always  in  the  intersection 


G  of  the  perpendicular  C  G,  and  the  reflected 
ray  E  G ;  and,  consequently,  at  G  as  far  behind 
the  mirror  as  the  object  C  is  before  it.  We  there- 
fore see  the  image  in  the  line  E  G,  the  directioa 
in  which  the  reflected  rays  proceed.  A  plane 
mirror  does  not  alter  the  figure  or  size  of  objects; 
but  the  whole  image  is  equal  and  similar  to  the 
whole  object,  and  has  a  like  situation  with  respect 
to  one  side  of  the  plane,  that  the  object  has 
with  respect  to  the  other. 

Mr.  Walker  illustrates  the  manner  in  which 
we  see  our  faces  in  a  mirror  by  the  following  fig- 
ure (16)  A  B  represents  a  mirror,  and  oca  person 
looking  into  it.  If  we  conceive  a  raj'  proceeding 
from  the  forehead  c  e,  it  will  be  sent  to  the  eye  at 
o,  agreeably  to  the  angle  of  incidence  and  reflec- 
tion. But  the  mind  puts  ceo  into  one  line,  and 
the  forehead  is  seen  at  h,  as  if  the  lines  ceo  had 
turned  on  a  hinge  at  e.  It  seems  a  wonderful 
faculty  of  the  mind  to  put  the  two  oblique  lines 
c  E  and  o  E  into  one  straight  line  o  H,  yet  it  i>t 
seen  every  time  we  look  at  a  mirror.  For  the  ray 
has  really  travelled  from  c  to  e,  and  from  e  to  o, 
and  it  is  that  journey  which  determines  the  dis- 
tance of  the  object;  and  hence  we  see  ourselves 
as  far  beyond  the  mirror  as  we  stand  from  it. — 
Though  a  ray  is  hero  taken  only  from  one  part 
of  the  face,  it  may  bo  easily  conceived  that  rays 
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from  every  part  of  the  face  must  produce  a  sirni-    to  the  mirror  joining  the  object  and  the  image,  and 
lar  effect.  !  that  the  image  is  as  much  on  one  side  the  mirror  a» 

In   every    plane    mirror   the    image    is  always  '  the  object  is  on  the  oilier. 
equal  to  the  object,  at  what  distance  soever  it  may 

REFLECTION    BY    CON'VE-X    AND    CONCAVE    MIRRORS. 

Both  convex  and  concave  mirrors  are  formed 
of  portions  of  a  sphere.  A  convex  speculum  is 
ground  and  polished  in  a  concave  dish  or  tool 
which  is  a  portion  of  a  sphere,  and  a  concave 
speculum  is  ground  upon  a  convex  tool.  The 
inner  surface  of  a  sphere  brings  parallel  rays  to  a 
focus  at  one-fourth  of  its  diameter,  as  represented 
in  the  following  figure,  where  C  is  the  center  of 
the  sphere  on  whicli  the  concave  speculum  A  B 
is  formed,  and  F  the  focus  where  parallel  raya 
from  a  distant  object  would  be  united  after  reflec- 
tion, that  is,  at  one-half  the  radius,  or  one-fourth 

Fig.  18. 


be  placed;  and,  as  the  mirror  is  only  at  half  the 
distance  of  the  image  from  the  eye,  it  will  com- 
pletely receive  an  image  of  twice  its  own  length. 
Hence,  a  man  six  feet  high  may  view  himself 
completely  in  a  looking-glass  of  three  feet  in 
length  and  half  his  own  breadth;  and  this  will  be 
the  case  at  wnatever  distance  he  may  stand  from 
the  glass.     Thus,  the  man  AC  (fig-  H)  will  see 

Fig.  17. 


the  whole  of  his  own  image  in  the  glass  a  b, 
which  is  but  one  half  as  large  as  himself.  The 
rays  from  the  head  pass  to  the  mirror  in  the  line 
A  A,  perpendicular  to  the  mirror,  and  are  return- 
ed to  th-  eye  in  the  same  line;  consequently, 
having  traveled  twice  the  length  A  a,  the  man 
must  see  his  head  at  B.  From  his  feet,  C,  rays 
will  be  sent  to  the  bottom  of  tiie  mirror,  at  b; 
these  will  be  reflected  at  an  equal  angle  to  the 
eye  in  the  direction  b  a,  as  if  they  had  proceeded 
in  the  direction  D  b  ^,  so  that  the  man  will  see 
his  foot  at  D,  and,  consequently)  his  whole  figure 
at  B  P. 

A  person,  when  looking  into  a  mirror,  will 
always  see  his  own  image  as  far  beyond  the  mir- 
ror as  he  is  before  it;  and  as  he  moves  to  or  from 
it,  the  image  will,  at  the  same  time  move  toward 
or  from  him  on  the  other  side,  but  apparently 
with  a  double  velocity,  becHUse  the  two  motions 
are  equal  and  contrary.  In  like  manner,  if,  while 
the  spectator  is  at  rest,  an  object  be  in  motion,  its 
image  behind  the  mirror  will  be  seen  to  move  at 
the  same  time.  And  if  the  spectator  moves,  the 
images  of  objects  that  are  at  rest  uill  appear  to 
approach  or  recede  from  him,  after  the  same 
manner  as  when  he  moves  toward  real  objects; 
plane  mirrors  reflecting  not  only  the  object,  but 
the  distance  also,  and  that  exactly  in  its  natural 
dimensions.  The  following  principle  is  sufhcient 
for  explaining  most  of  the  phenomena  seen  in  a 
plane  minor,  namely  :  That  the  image  of  an  object 
seen  in  a  j  lane  mirror  is  always  in  «  perpendicular 


of  the  diameter  from  the  surface  of  the  speculum 
Were  a  speculum  of  this  kind  presented  to  the 
sun,  F  would  be  the  point  where  the  reflected 
raj's  would  be  converged  to  a  focus,  and  set  fire 
to  combustible  substances  if  the  speculum  be  of  a 
large  diameter,  and  of  a  short  focal  distance. — 
Were  a  candle  placed  in  that  focus,  its  light  would 
be  reflected  parallel,  as  represented  in  the  figure. 
These  are  properties  of  concave  specula  which  re- 
quire to  be  particularly  attended  to  in  the  construc- 
tion of  reflecting  telescopes.  It  follows,  from  what 
has  been  now  stated,  that  if  we  intend  to  form  a 
speculum  of  a  certain  focal  distance,  for  example, 
two  feet,  it  is  necessary  that  it  should  be  ground 
upon  a  tool  whose  radius  is  double  that  distance, 
or  four  feet. 

PROPERTIES    OF    CONVEX    MIRRORS. 

From  a  convex  surface,  parallel  rays,  when  re- 
flected, are  made  to  diverge:  convergent  i-ays  are 
reflected  less  convergent;  and  divergent  rays  are 
rendered  more  diveigent.  It  is  the  nature  of  aJi 
convex  mirrors  and  surfaces  to  scatter  or  disperse 
the  rays  of  light,  and  in  every  instance  to  impede 
their  convergence.  The  following  figure  showa 
the  course  of  parallel  rays  as  reflected  from  a 
convex  mirror.  A  E  B  is  the  convex  surface  ot 
the  mirror,  and  K  A,  1  E,L  B  parallel  rays  falling 
upon  it.  These  rays,  when  they  strike  the  mirror, 
are  made  to  diverge  in  the  direction  A  G,  B  H, 
&c.,  and  both  the  parallel  and  divergent  rays  are 
here  represented  as  they  appear  in  a  dark  chamber 
when  a  convex  mirror  is  presented  to  the  solar 
rays-  The  dotted  lines  denote  only  the  course  or 
tendency  of  the  reflected  rays  toward  the  virtual 
focus  F,  were  tlicy  not  intercepted  by  tlie  mirror 
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This  virtual  focus  is  just  equal  to  half  the  radius 
CE. 

The  following  are  some  of  the  properties  of 
convex  mirrors:  1.  The  im;ige  appears  always 
erect,  and  beliiiid  the  refloctiugj  surface.  2.  The 
iviagi  is  smaller  than  the  object,  ?n\d  the  diminution 
is  greater  in  projiortion  as  the  object  is  farther 
from  the  mirror;  but  if  the  object  touch  the  mir- 

Fis.l9. 


true  focus  of  the  mirror;  and,  since  the  sunbeams 
are  parallel  among  themselves,  if  they  are  received 
on  a  concave  mirror,  they  will  be  reflected  to  that 
point,  and  there  burn  in  proportion  to  the  quantity 


ror,  the  image  at  the  point  of  contact  is  of  the 
same  size  as  the  object.  3.  The  image  does  not 
appear  so  far  b'-hind  the  reflecting  surface  as  in  a 
plane  mirror.  4.  The  image  of  a  straight  object, 
placed  either  parallel  or  oblique  to  the  mirror,  is 
seen  curved  in  the  mirror,  because  the  different 
points  of  the  object  are  not  all  at  an  equal  dis- 
tance from  the  surface  of  the  mirror.  5.  Concave 
mirrors  have  a  real  focus  where  an  image  is 
actually  formed;  but  convex  specula  have  only  a 
rirtual  focus,  and  this  focus  is  behind  the  mirror, 
no  image  of  any  object  being  formed  before  it. 

The  following  are  some  of  the  purposes  to  which 
convex  mirrors  are  applied:  They  are  frequently 
employed  by  paintersforreducing  the  proportions  of 
the  objects  they  wish  to  represent,  as  the  images 
of  objects  diminish  in  proportion  to  the  smallness 
of  the  radius  of  convexity,  and  to  the  distances 
of  objects  from  the  surface  of  the  mirror.  They 
form  a  fashionable  part  of  modern  furniture,  as 
they  exhibit  a  large  company  assembled  in  a  room, 
with  all  the  furniture  it  contains,  in  a  very  small 
compass,  so  tliat  a  large  hall,  with  all  its  objects, 
and  even  an  extensive  landscape,  being  reduced 
in  sizf',may  be  seen  from  one  point  of  view.  They 
are  likewise  used  as  tiie  small  specula  of  those 
reflecting  telescopes  which  are  fitted  up  on  the 
Casseurainian  plan,  and  in  the  construction  of 
Smith's  Reflecting  Microscope.  But,  on  the  whole, 
they  are  very  little  used  in  the  construction  of 
optical  instruments. 

PROPERTIES  OF  COXCAVE  SPECULUMS. 

Concave  specula  have  properties  very  different 
from  those  which  are  convex;  they  are  of  more 
importance  in  the  construction  of  reflecting  tele- 
scopes and  other  ojitical  instruments,  and  there- 
fore require  more  minute  description  and  illustra- 
tion. Concave  mirrors  cause  parallel  rays  to 
converge;  they  increase  the  convergence  of  Ta.ys 
that  are  already  converging;  they  diminish  the 
divergence  of  diverging  rays,  and  in  some  cases 
render  them  paraljel,  and  even  convergent;  which 
effects  are  all  in  proportion  to  the  concavity  of  the 
mirror.  The  following  figures  show  the  course 
of  diverging  and  parallel  rays  as  reflected  from 
concave  mirrors. 

Fig.  yy  represents  the  course  of  parullrl  rays, 
and  A  B  the  concave  mirror  on  which  they  fall. 
In  this  case  they  are  reflected  so  as  to  unite  at  F, 
which  point  is  distant  from  its  surface  one-fourth 
of  the  diameter  of  the  .sphere  of  the  mirror.  This 
point  is  called  the   focus  of   parallel   rays,  oi  the 


of  rays  collected  by  the  mirror.  Fig.  21  shows 
the  direction  of  diverging  rays,  or  those  which 
proceed  from  a  near  object.  These  rays  proceed- 
ing from  an  object  farther  from  the  mirror  than 
the  true  focal  point,  as  from  D  to  A  and  to  B,  are 

Fig.  21. 


reflected  converging,  and  meet  at  a  point  F,  far- 
ther from  the  mirror  than  the  focal  point  of  parallel 
rays.     If  the  distance  of  the  radiant,  or  object  D, 
'  be  equal   to  the   radius    C  E,  then  will  the  focal 
^  distance  be  likewise  equal  to  the  radius;  that  is,  if 
an   object  be  placed  in  the  center  of  a  concave 
speculum,  the   image  will   be   reflected  upon  the 
:  object,  or  they  will  seem  to  meet  and  embrace  each 
j  other  in  the  center.     If  the  distance  of  the  radiant 
be  equal  to  half  the  radius,  its  image  will  be  re- 
flected  to  an   inflnite   distance,  for   the   rays  will 
then  be  parallel.     If,  therefore,  a  luminous   body 
be  placed  at  half  the  radius  from  a  concave  specu- 
i  lum,  it  will  enlighten   places  directly  before  it  at 
'  great  (iistances.     Hence  their  use  when  placed  be- 
hind a  candle  in  a  common  lantern;    hence  their 
'  utility  in  throwing  light  upon  objects  in  the  Magic 
Lanleru  and  Phantasniagoria;  and  hence  the  vast 
importance  of  very  large  mirrors  of  this  descrip- 
tion, as  now  used  in  most  of  our  lighthouses,  for 
throwing  a  brilliant  light  to  great  distances  at  sea, 
to  guide  liie   m::riner  when  directing  his  course 
under  the  cloud  of  night. 

When  converging  rays  fall  upon  a  concavo 
mirror,  they  are  reflected  more  converging,  and 
unite  at  a  point  between  the  focus  of  parallel  rays 
i  and  the  mirror;  that  is,  nearer  the  mirror  than  one- 
1  half  the  radius;  and  their  precise  degree  of  con- 
I  vergency  will  be  greater  than  that  wherein  they 
j  converged  before  reflection. 

OF   THE    IMAGES    FORiMED   BY    CONCAVE '  MIRRORS. 

i      If  rays  proceeding  from   a  distant  object  fall 

j  upon  a  concave  speculum,  they  will  paint  an  image 

,  or  representation  of  the  object  on  its  focus  before 

the  mir#ior.     This  image  will  be  inverted,  because 
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the  rays  cross  at  the  points  where  the  image  is 
formed.  We  have  already  seen  tliat  a  convex 
glass  forms  an  iiiiag-e  of  au  ohject  behind  it;  the 
rays  of  light  from  objects  pass  throuyh  the  glass, 
and  the  picture  is  formed  on  the  side  larthest  from 
the  object.  But  in  concave  mirrors  the  images  of 
distant  objects — and  of  all  objects  that  are  farther 
from  its  surface  than  its  principal  focus — are 
formed  hej'ore  the  mirror,  or  on  the  same  side  as 
the  object.  In  almost  every  other  respect,  how- 
ever, the  effect  of  a  concave  mirror  is  the  same  as 
that  of  a  convex  lens,  in  rejjard  to  the  formation 
of  images,  and  the  course  pursued  by  the  rays  of 
light,  except  that  the  cfiect  is  produced  in  the  one 
case  by  refraction,  and  in  the  other  by  reflection. 
The  following  figure   represents  tlie  manner  in 

Fig.  22. 


which  images  are  formed  by  concave  mirrors; 
G  F  represents  the  refli^cting  surface  of  the  mir- 
ror; O  A  B,  the  object;  and  I  \  M  the  image 
formed  by  the  mirror.  The  rays  proceeding  from 
O  will  be  carried  to  the  mirror  in  the  direction 
O  G,  and,  according  to  the  law  thai  the  angle  of 
incidence  is  equal  to  the  angle  of  reflection,  will 
be  reflected  to  /  in  the  direction  G  I.  In  like 
manner,  the  rays  from  B  will  be  reflected  from  F 
to  M,  the  rays  from  A  will  be  reflected  to  a,  and 
80  of  all  tlie  intermediate  rnys,  so  tiiatan  inverted 
image  of  the  object  O  B  will  be  formed  at  /  ill. 
If  the  rays  proceeded  from  objects  at  a  very  great 
distance,  the  image  would  be  formed  in  the  real 
focus  of  the  mirror,  or  at  on<#- fourth  the  diamefer 
of  the  sphere  from  its  surface;  but  nearer  objects, 
which  send  forth  diverging  rays,  will  have  their 
images  formed  a  little  farther  from  the  surface  of 
the  mirror. 

If  we  suppose  a  real  object  placed  at  /  M,  then 
O  B  will  represent  its  magnified  image,  which 
will  be  larger  than  the  object  in  proportion  to  its 
distance  from  the  mirror.  This  may  be  experi- 
mentally illustrated  by  a  concave  mirror  and  a 
candle.  Suppose  a  concave  mirror  whose  focal 
distance  is  five  inches,  and  that  a  candle  is  placed 
before  it  at  a  little  beyond  its  focus  (as  at  /  M), 
suppose  at  five  and  a  lialf  inches,  and  that  a  wall 
or  while  screen  receives  the  image,  at  the  ciitance 
of  five  feet  six  inches  from  the  mirror,  an  image 
of  the  candle  will  be  formed  on  the  wall  which 
will  be  twelve  times  longer  and  broader  than  the 
candle  itself.  In  this  way  concave  mirrors  may 
be  made  to  magnify  the  images  of  objects  to  an 
indefinite  extent.  This  experiment  is  an  exact 
counterpart  of  what  is  effected  in  similar  circum- 
stances by  a  convex  lens,  as  described  p.  29;  the 
mirror  performing  the  same  thing  by  reflection  as 
the  lens  did  by  refraction. 

From  what  has  been  stated  in  relation  to  con- 
cave mirrors,  it  will  be  easily  understood  how  they 
Diake  such   powerful   burning-glasses.     Suppose 


the  focal  distance  of  a  concave  mirror  to  be  tvvejve 
inches,  and  its  diameter  or  breadlli  tvvtlve  inches. 
When  the  sun's  rays  fall, on  such  a  mirror,  they 
iorm  an  image  of  the  sun  at  the  focal  point,  whose 
diameter  is  found  to  be  about  one-tenth  of  an 
inch.  All  the  rays  which  fall  upon  the  mirror  are 
converged  into  this  small  point,  and,  consequently, 
their  intensity  is  in  proportion  as  the  square  of 
the  surface  of  the  mirror  is  to  the  square  of  the 
image.  Tlie  squares  of  Ihese  diameters  are  as 
14,400  to  1,  and,  consequently,  the  density  of  the 
sun's  rays,  in  the  focus,  is  to  their  density  on  the 
surface  of  the  mirror  as  14,400  to  1.  That  is,  the 
heat  of  the  solar  rays  in  the  focus  of  such  a  mir- 
ror will  be  fourteen  thousand  four  hundred  times 
greater  than  before :  a  heal  which  is  capable  of 
producing  very  powerful  effects  in  melting  and 
setting  fire  to  substances  of  almost  every  descrip- 
tion. 

Were  we  desirous  of  forming  an  image  by  a 
concave  speculum  which  shall  be  exactly  equal  to 
the  object,  the  object  must  be  placed  exactly  in 
the  center;  and,  by  an  experiment  of  this  kind, 
the  center  of  the  concavity  of  a  mirror  may  be 
found. 

In  the  cases  now  stated,  the  images  of  objects 
are  all  formed  in  the  front  of  the  mirror,  or  be- 
tween it  and  the  object.  But  there  is  a  case  in 
which  the  image  is  formed  behind  the  mirror. 
This  happens  when  the  object  is  placed  between 
the  mirror  and  the  focus  of  parallel  rays,  and  then 
the  image  is  larger  than  the  object.  In  fig.  23, 
G  F  is  a.  concave  mirror,  whose  focus  of  parallel 
rays  is  at  E.  If  an  object  O  B  be  placed  a  little 
within  this  focus,  as  at  A,  a  large  image,  I M,  will 

Fig.  23. 


%Jv^-- 


be  seen  behind  the  mirror,  somewhat  curved  and 
erect,  which  will  be  seen  by  an  eye  looking  directly 
into  the  front  of  the  mirror.     Here  the  image  ap- 


Fig.  24. 


pears  at  a  greater  distance  behind  the  mirror  than 
the  object  is  before  it,  and  the  object  appears  mag- 
nified in  proportion  to  its  distance  from  the  ^ocus 
and  the  mirror.  If  the  mirror  be  one  inch  focal 
distance,  and  the  object  be  placed  eight-tenths  of 
an  inch  from  its  surface,  the  image  would  be  five 
times  as  large  as  the  object  in  length  and  breadth, 
and,   consequently,  twenty-five  times   larger   in 
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•urface.     In  this  way  small  objects  may  be  mpg- 1  appearance  of  images  in  the  air,  suspended  be- 
Diiied  by  reflection,  as  such  objects  are  nuaornified    tween  the  rnirror  and  tlie  object,  iiave   sometimes 


by  refraction,  in  the  case  of  deep  convex  lenses 
When  such  mirrors  are  large,  for  example  six 
inches  diameter,  and  eight  or  ten  iiiclies  focal  dis- 
tance, they  exhibit  the  human  face  as  of  an  enor- 
mous bulk.  This  is  illustrated  by  the  foregoing 
figure:  Let  cn,  fig.  24,  represent  the  surface  of 
a  concave  mirror,  and  A,  a  human  face  looking 
into  it,  the  face  will  appear  magnified  as  repre- 
sented by  the  image  behind  the  mirror,  d.  q.  Sup- 
pose a  ray,  AC,  proceeding  from  the  forehead,  and 
auother,  m  n,  from  the  chin;  these  rays  are  reflect- 
ed to  the  person's  eye  at  o,  which,  consequently, 
sees  the  image  of  the  lines  of  reflection  o  d,  o  Q, 
and  in  the  angle  d  o  Q,  and,  consequently,  mag- 
nified much  beyond  the  natural  size,  and  at  a 
small  distance  behind  the  mirror.  • 

If  we  suppose  the  side  t  u  to  represent  a  convex 
mirror,  and  the  figure  d  q  a  head  of  an  ordinary 
size,  then  the  figure  A  will  represent  the  dimin- 
ished appearance  which  a  person's  face  exhibits 
when  viewed  in  such  a  mirror.  It  will  not  only 
appear  reduced,  but  somewhat  distorted;  because, 
from  the  form  of  the  mirror,  one  part  of  the  ob- 
ject is  nearer  to  it  than  another,  and,  consequent- 
ly, will  be  reflected  under  a  different  angle. 

The  efF>.^ct  we  have  now  mentioned  as  produced 
by  concave  mirrors  will  only  take  place  when  the 
eye  is  nearer  the  mirror  than  its  principal  focus. 
If  the  spectator  retire  beyond  this  focus — suppose 
to  the  distance  of  five  or  six  feet — he  will  not  see 
the  image  behind  the  mirror,  but  he  will  see  his 
image  in  a  diminished  form,  hanging  upside  down, 
and  suspended  in  the  air,  in  a  line  between  his  eye 
and  the  mirror.  In  this  case,  his  image  is  formed 
before  the  mirror,  as  represented  at  /  M,  fig.  22. 
In  this  situation,  if  you  hold  out  your  hand  to- 
ward the  mirror,  the  hand  of  the  image  will  come 
out  toward  your  hand,  and,  when  at  the  center 
of  concavity,  it  will  be  of  an  eqn«l  size  with  it, 
and  you  may  shake  hands  with  this  aerial  image. 
If  you  move  your  hand  farther,  you  will  find  the 
hajid  of  the  image  pass  by  your  hand,  and  come 
between  it  and  your  body.  If  you  move  your 
hand  toward  either  side,  tlie  hand  of  tlie  image  will 
move  toward  tlie  other  side;  the  image  moving 
always  in  a  contrary  direction  to  the  object.  All 
this  while  the  bystanders,  if  any,  see  nothing  of 
the  image,  because  none  of  the  reflected  rays  that 
form  it  can  enter  their  eyes.  The  following  fig- 
ure represents  a  phenomenon  produced  in  the  same 
manner,  a  b  is  a  concave  mirror  of  a  largo  size; 
c  represents  a  hand  presented  before  the  mirror, 
at  a  point  farther  distant  than  its  focus.  In  this  case 
an  inverted  unage  of  the  hand  is  formed,  which 
is  seen  hanging  down  in  the  air  at  m.  The  rays 
c  and  D  go  diverging  from  tlie  two  opposite  points 
of  the  object,  and,  hy  the  action  of  the  mirror, 
they  are  again  made  to  converge  to  points  at  c 
and  s,  where  the)- cross,  form  an  image,  and  again 
proceed  divergent  to  the  eye.* 

In  consequence  of  the  properties  of  concave 
mirrors  now  described,  many  curious  experiments 
and  optical  deceptions  have  been  exhibited.     The 

*  Small  glass  mirrors  for  performing  some  of  the  experi- 
ments, and  illustrating  some  of  itie  principles  above  alluded 
to,  may  lie  niadt  ol'  the  flaltest  kind  of  common  watch  glass- 
es, liy  tbli.'.ting  or  coveiing  with  tin  leaf  and  quicksilver  Ihe 
convex  surfaces  of  such  glasses.  Their  focal  distances  will 
generally  b*  from  one  to  two  inches.  Such  mirrors  afford  a 
very  large  and  beautiful  view  of  the  eye,  when  held  within 
their  focal  distance  of  that  organ.  Such  mirrors  will  also 
serve  the  purpose  of  reflecting  light  on  the  objects  viewed 
by  microscopes.  Larger  mirrors,  of  from  fmir  to  eight  inches 
diameter,  may  be  had  of  the  optician  at  dilierent  prices,  va- 
rying liom  five  to  ten  or  fifteen  shillinj;s. 


been  displayed  with  such  dexterity,  and  an  air  of 
mystery,  as  to  have  struck  with  astonishment 
those  who  were  ignorant  of  the  cause.  In  this 
way  birds,  flying  angels,  specters,  and  other  ob- 
jects have  been  exhibited;  and  when  the  hand  at- 
tempts to  lay  hold  on  them,  it  finds  them  to  be 
nothing,  and  they  seem  to  vanish  into  air.  An 
apple  or  a  beautiful  flower  is  pre.sented,  and  when 
a  spectator  attempts  to  touch  it,  it  instantly  van- 
ishes, and  a  death's  head  immediately  appears,  and 


seems  to  snap  his  fingers.  A  person  with  a  drawn 
sword  appears  before  him,  in  an  attitude  as  if 
about  to  run  him  through,  or  one  terrific  phantom 
starts  up  after  another,  or  sometimes  the  resem- 
blances of  deceased  persons  are  made  to  appear, 
as  if,  by  the  art  of  conjuration,  they  had  been 
forced  to  return  from  ihe  world  of  spirits.  In  all 
.such  exhibitions  a  very  large  concave  mirror  is 
requisite,  a  brilliant  light  must  be  thrown  upon 
the  objects,  and  every  arrangement  is  made,  by 
means  of  partitions,  &c.,  to  prevent  either  the 
light,  the  njirror,  or  the  object  from  being  seen  by 
the  spectaftirs.  The  following  representation  (fig. 
26)  shows  one  of  the  methods  by  which  this  is 
efiTected  :  a  is  a  largo  concave  mirror,  either  of 
metal  or  of  glass,  placed  on  the  back  part  of  a 
dark  box;  d  is  the  performer,  concealed  from  the 
spectators  by  the  cross  partition  c;  E  is  a  strong 
light,  which  is  likewise  concealed  by  the  partition 
I,  which  is  thrown  upon  the  actor  d  or  upon  any- 
thing he  may  hold  in  his  hand.  If  he  hold  a  book, 
as  represented  in  the  figure,  the  light  reflected 
from  it  will  pass  between  tiie  partitions  c  and  i  to 
the  mirror,  and  will  be  reflected  from  thence  to  z, 
where  the  image  of  the  book  will  appear  so  dis- 
tinct and  tangible,  that  a  spectator  looking  through 
the  opening  at  x  will  imagine  that  it  is  in  his 
power  to  take  hold  of  it.     In  like  manner,  the 

Fis    26. 


person  situated  at  d  may  exhibit  his  own  head  or 
body,  a  portrait,  a  painting,  a  specter,  a  land.'^cape, 
or  any  object  or  device  which  he  can  strongly 
illuminate. 


36 


THE   PRACTICAL   ASTRONOMER. 


There  is  another  experiment,  made  with  a  con- 
cave mirror,  wiiich  has  somewhat  puzzled  philo- 
so])liers  to  account  for  the  phenomena.  Take  a 
glass  bottle,  A  C  (fig.  27),  and  till  it  with  water 
to  the  point  B;  leave  the  upper  part,  B  C,  empty, 
and  cork  it  in  the  common  manner.     Place  this 

Fig.  27. 


bottle  oppoi^ite  a  concave  mirror,  and  beyond  its 
focus,  that  it  may  appear  reversed,  and  before  the 
mirror  place  yourself  still  farther  distant  fro:n 
the  bottle,  and  it  will  appear  in  the  situation  a  b 
c.  Now  it  is  remarkable,  in  this  apparent  bottle, 
that  the  water,  which,  according  to  the  laws  of 
catoptrics,  should  appear  at  a  b,  appears,  on  the 
contrary,  at  b  c,  and,  consequently,  the  part  a  b 
appears  empty.  If  the  bottle  be  inverted  and 
placed  before  the  mirror,  its  image  will  appear  in 
its  natural  erect  position,  and  the  water,  which  is 
in  reality  at  B  C  (fig.  28),  is  seen  at  a  ^.  If,  Vvhile 

Fig.  23. 


the  bottle  is  inverted,  it  be  uncorked,  and  the  wa- 
ter run  gently  out,  it  will  appear  that,  vvhile  the 
part,  B  C  is  emptying,  that  of  a  b  in  the  image  is 
filling,  and,  what  is  remarkable,  as  soon  as  the 
bottle  is  empty  the  illusion  ceases,  the  image  also 
appearing  entirely  empty.  The  remarkable  cir- 
cumstances in  this  experiment  are,  first,  not  only 
to  see  tlie  obitct  where  it  is  not,  but  also  where 
its  image  is  not;  and,  secondly,  that  of  two  objects 
which  are  really  in  the  same  place,  as  the  surface 
of  the  bottle  and  the  water  it  contains,  the  one  is 
seen  at  one  ])lace,  and  the  other  at  another;  end 
to  see  the  bottle  in  the  place  of  its  image,  and  the 
water  where  neither  it  nor  its  image  is. 

The  following  ex]>eriments  are  stated  by  Mr. 
Ferguson,  in  his  "Lectures  on  Select  Subjects," 
&c.:  "  If  a  fire  be  made  in  a  large  room,  and  a 
Gmooth  mahogany  table  be  placed  at  a  goorl  dis- 
tance near  the  wall,  before  a  large  concave  mirror, 
so  [)laced  that  the  ligiit  of  the  fire  may  be  reflec- 
ted from  the  mirror  to  its  focus  upon  the  table; 
if  a  person  stand  by  the  table,  ht-will  see  nothing 
upon  it  but  a  longish  beam  of  light:  but  if  he  stand 
at  a  distance  toward  the  fire,  not  directly  between 
the  file  and  mirror,  he  will  see  an  im:ige  of  the  fire 
U])on  the  table,  large  and  erect.  And  if  another 
per.soii,  who  knows  nothing  of  the  matter  before- 
hand, should  chance  to  come  into  the  room,  and 
should  look  from  the  fire  toward  the  table,  he 
would  be  sturtled  at  the  appearance,  for  the  table 
would  seem  to  be  on  fire,  and  by  being  near  the 
wainscot,  to  endanger  the  whole  house.  In  this 
experiment  there  should  he  no  light  in  the  room 
but  what  proceeds  from  the  fire,  and  the  mirror 
ought  to  be  at  least  fifteen  inches  in  diameter.  If 
the  fire  be  darkened  by  a  screen,  and  a  large  can- 
dle be  placed  at  the  back  of  the  screen,  a  person 
stauiing  by  the  candle  will  see  the  appearance  of 


a  very  fine  large  star,  or,  rather,  planet,  upon  tie 
table,  as  bright  as  Venus  or  Jupiter.  And  if  a 
small  wax  taper — whose  flame  is  much  less  than 
the  flame  of  the  candle — be  placed  near  fhe  can- 
dle, a  satellite  to  the  planet  Vi'ill  appear  on  the 
table;  and  if  the  taper  be  moved  round  the  candle, 
the  satellite  will  go  round  the  planet." 

Many  othor  illustrations  of  the  efi'ects  of  con- 
cave specula  might  have  been  given,  but  I  shall 
conclude  this  department  by  briefly  staling  some 
of  the  general  properties  of  spcculums. 

\.  I'here  is  a  great  resemblance  between  the 
properties  of  convex  lenses  and  concave  mirrors. 
They  both  form  an  inverted  focal  image  of  any 
reiiiole  object,  by  the  convergence  of  the  pencil 
of  rays.  In  those  instruments  whose  perform- 
ances are  the  effects  of  reflection,  as  reflecting 
telescopes,  the  concave  mirror  is  substituted  in 
the  place  of  the  convex  lens.  I'he  whole  effect 
of  these  instruments,  in  bringing  to  view  remote 
objects  in  heaven  and  on  earth,  entirely  depends 
on  the  property  of  a  concave  mirror  in  forming 
images  of  objects  in  its  focus.  2.  The  image  of 
an  object  placed  beyond  the  center  is  less  than  the 
object;  if  the  object  be  placed  belween  the  prin- 
cipal focus  and  the  center,  the  image  is  greater 
than  the  object-  In  both  cases  the  image  is  in- 
verted. 3,  When  the  object  is  placed  between 
tlie  focus  and  the  mirror,  the  image  situated  be- 
hind the  mirror  is  greater  than  the  object,  and  it 
has  the  same  direction;  in  proportion  as  the  object 
approaches  the  focus,  the  imago  becomes  larger 
and  more  distant.  These  and  similar  results  are 
proved  by  placing  a  lighted  candle  at  different 
distances  from  a  concave  mirror.  4.  An  eye  can- 
not see  an  image  in  the  air  except  it  be  placed  in 
the  diverging  rays;  but  if  the  image  be  received 
on  a  piece  of  white  paper,  it  may  be  seen  in  any 
position  of  the  eye,  as  the  rays  are  then  reflected 
in  every  direction.  5.  If  a  picture,  drawn  accor- 
ding to  tlie  rules  of  perspective,  be  placed  before 
a  large  concave  speculum,  a  little  nearer  than  its 
principal  focus,  the  image  of  the  picture  will  ap- 
pear extremely  natural,  and  very  nearly  like  the 
real  objects  whence  it  was  taken.  Not  only  are 
the  objects  considerably  magnified,  so  as  to  ap- 
proach to  their  natural  size,  but  they  have  also 
difTerent  apparent  distances,  as  in  nature,  so  that 
the  view  of  the  inside  of  a  church  appears  very 
like  what  it  is  in  reality,  and  representations  of 
landscapes  appear  very  nearly  as  they  do  from  the 
spot  whence  they  were  taken.  In  this  respect  a 
large  concave  speculum  may  be  made  to  serve 
nearly  the  same  purpose  as  the  Optical  Diagonal 
Machine  in  vievv'ing  perspective  prints.  6.  The 
concave  speculum  is  that  alone  which  is  used  as 
the  great  n;irror  which  forms  the  first  image  in 
reflecting  telescopes;  and  it  is  likewise  the  only 
kind  of  speculum  used  as  the  small  mirror,  in 
I  hat  construction  of  the  instrument  called  the 
Gregorian  Reflector. 

QUANTITY    OF    LIGHT   REFLECTED    BV    POLISHED    SUR- 
.      FACES. 

As  this  is  a  circumstance  connected  with  the 
construction  of  reflecting  telescopes,  it  may  not 
bs  improper,  in  this  place,  to  state  some  of  the 
results  of  the  accurate  experiments  of  I\I  Bou- 
guer  on  this  subject.  This  philosopher  ascertained 
that  of  the  light  reflected  from  mercury,  or  quick- 
silver, more  than  one-fourth  is  lost,  though  il  is 
probable  that  no  substance  reflects  more  liglit  than 
this.  The  rays  were  received  at  an  angle  of 
eleven  and  a  half  degrees  of  incidence,  measured 
from  the  surface  of  the   --ftflecting  body,  and  not 
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from  the  perpendicular.  The  reflection  from 
water  was  found  to  be  ahiiost  as  great  as  that  of 
quicksilver;  so  that  in  very  small  angles  it  re- 
flects nearly  three-fourths  of  the  direct  light. 
This  is  the  reason  why  so  strong  a  reflection  ao- 
pears  on  the  water,  when  one  walks,  in  still 
weather,  on  the  brink  of  a  lake  opposite  to  tne 
8un.  The  direct  light  of  the  sun  diminishes 
gradually  as  it  approaches  the  horizon,  while  tne 
reflected  light  at  the  same  time  grows  stronger; 
so  that  there  is  a  certain  elevation  of  the  sun  in 
which  the  united  force  of  the  direct  and  reflected 
light  will  be  the  greatest  possible,  and  this  is  wneu 
he  is  twelve  or  tliirteen  degrees  in  altitude.  On 
the  other  hand,  liglit  reflected  from  water  atgrcat 
angles  of  incidence  is  extremely  small.  When 
the  light  was  perpendicular,  it  reflected  no  more 
than  the  thirty-seventh  part  which  mercury  does 
in  the  same  circumstances,  and  only  the  fifty-iifth 
part  of  what  fell  upon  it  in  this  case. 
Using  a  smooth  piece  of  glass,  one  line  in  thick- 
ness, he  found  that,  when  it  was  placed  at  an  an- 
gle of  fifteen  degrees  with  the  incident  rays,  it 
reflected  G:28  parts  of  1000  which  fell  upon  it;  at 
the  same  time,  a  metallic  mirror,  which  he  tried 
in  the  same  circumstances,  reflecting  only  5G1  of 
Uiem.  At  a  less  angle  of  incidence  much  more 
light  was  reflected;  so  that  at  an  angle  of  three 
degrees  the  glass  reflected  700  parts,  and  tne  metal 
something  less,  as  in  the  former  case.  Tlie  most 
striking  observations  made  by  this  experimenter 
relate  to  the  very  great  difference  in  the  quantity 
of  light  reflected  at  different  angles  of  incidence. 
He  found  that  for  1000  incident  rays,  the  reflected 
rays  at  difi'erent  angles  of  incidence,  were  as  fol- 
lows: 


Angles  of 

Rays 

reflected 

Rays  reflected 

incidence. 

by 

water. 

by  g.ass. 

50 

501 

549 

10 

333 

412 

15 

211 

299 

30 

65 

112 

50 

22 

34 

70 

18 

25 

90 

18 

25 

With  regard  to  such  mirrors  as  the  specula  of 
reflecting  telescopes,  it  will  be  found  in  general, 
that  they  reflect  little  more  than  the  one-half  of 
the  rays  which  fall  upon  them. 

UNCOMMON  APPEARANCES  IN  NATURE  PRODUCED  BY 
THE  COMBINED  INFLUENCES  OF  REFLECTION  AND 
REFRACTION. 

The  reflection  and  refraction  01  the  rays  of 
light  frequently  produce  phenomena  which  as- 
tonish the  beholders,  and  which  have  been  regarded 
by  the  ignorant  and  the  superstitious  as  the  effects 
of  supernatural  agency.  Of  these  phenomena  I 
shall  state  a  few  examples. 

One  of  the  most  striking  appearances  of  this 
kind  is  wiiat  has  been  termed  the  Fata  Morgana, 
or  optical  appearances  of  figures  in  the  sea  and 
ehe  air,  as  seen  in  the  Faro  of  Messina  The 
following  account  is  translated  from  a  work  of 
Minasi,  who  witnessed  the  phenomenon,  and  wrote 
a  dissertation  on  the  subject:  "Wben  the  rising 
sun  shines  from  that  point  whence  its  incident 
ray  forms  an  angle  of  about  forty-five  degrees  to 
the  sea  of  Riggio,  and  the  brigni  surface  of  the 
water  in  the  bay  is  not  disturbed  either  by  the 
wind  or  tne  current,  the  spectator  being  placed  on 
an  enuneiice  ol'  tho  city,  with  h.a  back  to  the  sun 


and  his  face  to  the  sea;  on  a  sudde.ii  there  appear 
on  the  water,  as  in  a  catoptric  theater,  various 
multiplied  objects,  that  is  to  say,  numberless  scries 
of  pilasters,  arches,  castles  well  delineated,  regular 

t  columns,  lofty  towers,  superb  palaces,  with  balco- 
nies and  windows,  extended  alleys  of  trees,  de- 
lightful plains  with  herds  and  flocks,  armies  of 
men  on  foot  and  horseback,  and  many  other  strange 
images,  in  their  natural  colors  and  proper  actions, 

,  passing  rapidly  in  succession  along  the  surface  of 
the  sea,  during  the  whole  of  the  short  period   of 

I  time,  while  the  above-mentioned  causes  remain. 

j  But  if,  in  addition  to  the  circumstances  now 
described,  the  atmosphere  be  highly  impregnated 

i  with  vapor  and  dense  exhalations,  not  previously 
dispersed  by  the  winds  or  the  sun,  it  then  happens 

j  that,  in  this  vapor,  as  in  a  curtain  exten;,ied  along 

I  the  channel  at  the  hight  of  about  thirty  palms, 
and  nearly  down  to  the  sea,  the  observer  will  be- 

j  hold  the  scene  of  the  same  objects,  not  only 
reflected  from  the  surface  of  the  sea,  bnt  likewise 
in  the  air,  though  not  so  distant  or  well-dehued  aa 
the  former  objects  from  the  sea.  Lastly,  if  the  air 
be  slightly  hazy  or  opaque,  and,  at  the  same  time, 
dewy  and  adapted  to  form  the  iris,  the  then  above- 
mentioned  objects  wih  appear  only  at  the  surface 
of  the  sea,  as  in  the  first  case,  but  all  vividly 
colored  or  fringeil  with  red,  green,  blue,  and  other 
prismatic  colors.'"* 

It  is  somewhat  difficult  to  account  for  all  the 
appearances  here  described,  but,  in  all  probability, 
they  are  produced  by  a  calm  sea,  and  one  or  mora 
strata  of  superincumbent  air,  differing  in  refrac- 
tive, and,  consequently,  in  reflective  povv'er.  At 
any  rate,  reflection  and  refraction  are  some  of  the 
essential  causes  which  operate  in  the  productioa 
of  the  phenomena. 

The  Mirage,  seen  in  the  deserts  o-f  Africa,  is  a 
phenomenon,  in  all  probability,  produced  by  a 
similar  cause.  M.  Monge,  who  accompanied  the 
French  army  to  Egypt,  relates  that,  when  in  the 
desert  between  Alexandria  and  Cairo,  the  mirao-e 
of  the  blue  sky  was  inverted,  and  so  mingled  with 
the  sand  below  as  to  give  to  the  desolate  and  arid 
wilderness  an  appearance  of  the  most  rich  and 
beautiful  country.  They  saw,  in  all  directions, 
green  islands,  surrounded  with  extensive  lakes  of 
pure,  transparent  water.  Nothing  could  be  con- 
ceived more  lovely  and  picturesque  than  the  land- 
scape. In  the  tranquil  surface  of  the  lakes,  the 
trees  and  houses  with  which  the  islands  were 
covered  were  strongly  reflected  with  vivid  and 
varied  hues,  and  the  party  hastened  forward  to  en- 
joy the  cool  refreshments  of  shade  and  stream 
which  these  populous  villages  proffered  to  them. 
When  they  arrived,  the  lake  on  whose  bosom  they 
floated,  the  trees  among  whose  foliage  they  were 
embowered,  and  the  people  who  stood  on  tlie  shore 
inviting  their  approach,  had  all  vaniAsd,  and  no- 
thing remained  but  a  uniform  and  irksome  desert 
of  sand  and  sky,  with  a  few  naked  huts  and  rag- 
ged Arabs.  Had  they  not  been  undeceived  by 
their  nearer  approach,  there  was  not  a  man  in  the 
French  army  who  would  not  have  sworn  that  tlid 
visionary  trees  and  lakes  had  a  real  existence  iu 
the  midst  of  the  desert. 

Dr.  Clark  observed  precisely  the  same  appear- 
ance at  Rosetta.  The  city  seemed  surrounded 
with  a  beautiful  sheet  of  water;  and  so  certain 
was  his  Greek  interpreter — who  was  unacquainted 
with  the  country — of  this  fact,  that  he  was  quite 
indignant  at  an  Arab  who  attempted  to  explain  to 
him  that  it  was  a  more  optical  delusion.      At  length 


*  Nicholson's  Journal  of  Natnral   Philosophy,  &c.,  4t« 
series,  p.  225. 
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tliey  reached  Rosetta  in  about  two  hours,  witliout 
meeting  with  any  water;  and  on  looking  back  on 
tlie  sand  they  had  just 
crossed,  it  seemed  to  them 
as  if  they  liad  waded 
throug-h  a  vast  blue  lake. 
On  the  1st  of  August, 
1798,  Dr.  Vince  observed 
at  Rainsgate  a  ship  which 
appeared  as  at  a  (fig.  2D), 
the  topmast  being  tlie  on- 
ly part  of  it  that  was  seen 
above  the  horizon.  An 
inverted  image  of  it  was 
seen  at  b,  immediately 
above  the  real  ship  a,  and 
an  erect  image  at  c,  both 
of  them  being  complete 
and  well-defined.  The  sea 
was  distinctly  seen  be- 
tween them,  as  at  v  w. 
■  As  the  ship  rose  to  the 
horizon,  the  image  c  gra- 
dually disappeared,  and, 
while  this  was  going  on, 
the  image  b  descended, 
but  the  mainmast  of  b  did  not  meet  the  mainmast 
of  A.  The  two  images,  b  c,  were  perfectly  visible 
when  the  whole  ship  was  actually  below  the  hori- 
zon. Dr.  Vince  then  directed  his  telescope  to 
another  ship  whose  hull  was  just  in  the  horizon, 
and  he  observed  a  complete  inverted  image  of  it, 
the  mainmast  of  which  just  touched  the  main- 
mast of  the  ship  itself.  He  saw  at  the  same  time 
several  other  ships  whose  images  appeared  in 
nearly  a  similar  manner,  in  one  of  which  the  two 
images  were  visible  wlien  the  whole  ship  was  be- 
neath the  horizon.  These  phenomena  must  have 
been  produced  by  the  same  cause  which  operated 
in  the  case  formerly  mentioned,  in  relation  to 
Capt.  Scoresby,  when  he  saw  the  figure  of  his 
father's  ship  inverted  in  the  distant  horizon.  Such 
cases  are,  perhaps,  not  uncommon,  especially  in 
calm  and  sultry  weather,  but  they  are  seldom  ob- 
served, exc^'pt  when  a  person's  attention  is  acci- 
dentally directed  to  the  phenomenon,  and,  unless 
he  uses  a  telescope,  it  will  not  be  so  distinctly  per- 
ceived. 

The  following  phenomenon,  of  a  description 
nearly  related  to  the  above,  has  been  supposed  to 
be  chiefly  owing  to  rejlecl'wn:  On  the  16th  of 
November,  1804,  Dr.  Buclian,  when  watching  the 
rising  sun,  about  a  mile  to  the  east  of  Brighton, 
just  as  the  solar  disc  emerged  from  the  surface  of 
the  water,  saw  the  face  of  the  cliff  on  which  he 
was  standing,  a  windmill,  his  own  figure,  and  the 
figure  of  his  friend,  distinctly  represented,  pre- 
cisely opposite,  at  some  distance  from  the  ocean. 
This  appearance  lasted  about  ten  minutes, until  the 
sun  had  risen  nearly  his  own  diameter  above  the 
sea.  The  whole  then  seemed  to  be  elevated  into  the 
air,  and  successively  disappeared.  The  surface  of 
the  sun  was  covered  with  a  dense  fog  of  many 
yards  in  hight,  which  gradually  receded  from  the 
rays  of  the  sun  as  he  ascended  from  the  horizon. 

The  following  appearance,  most  probably, arose 
chiefly  from  the  rejledion  of  the  atmosphere:  It 
was  beheld  at  Ramsgate  by  Dr.  Viuce,  of  Cam- 
bridge, and  another  gentleman.  It  is  well  known 
tliat  the  four  turrets  of  Dover  Castle  are  seen  at 
Ramsgate,  over  a  hill  which  intervenes  between 
a  full  prospect  of  the  whole.  On  the  2d  of  August, 
180(j,  not  only  were  the  four  turrets  visible,  but  the 
castle  itself  appeared  as  though  situated  on  that 
Bide  of  the  hill  nearest  Ramsgate,  and  so  striking 
was  the  appearance  that  for  a  long  time  the  doc- 


tor thought  it  an  illusijn;  but  at  last  by  accurate 
observation,  was  convinced  that  it  was  an  acti'.a' 
image  of  the  castle.  He,  with  another  individual, 
observed  it  attentively  for  twenty  minutes,  but  were* 
prevented  by  rain  from  making  further  observa- 
tions. Between  the  observers  and  the  land  froiti 
which  the  hill  rises  there  were  about  six  miles  of 
sea,  and  from  thence  to  the  top  of  the  hill  there 
was  about  the  same  distance;  their  own  highl 
above  the  surface  of  the  water  was  about  seventy 
feet.  The  cause  of  this  phenomenon  was  un- 
doubtedly unequal  refraction.  The  air  being  more 
dense  near  the  ground  and  above  the  sea  than  at 
greater  bights,  reached  the  eye  of  the  observer, 
not  in  straight  but  in  curvilinear  lines.  If  the 
rays  of  the  castle  had  in  their  path  struck  an  eye 
at  a  much  greater  distance  than  Ramsgate,  the 
probability  is  that  the  image  of  the  castle  would 
have  been  inverted  in  the  air;  but,  in  the  present 
case,  the  rays  from  the  turret  and  the  base  of  the 
castle  had  not  crossed  each  other. 

To  similar  causes  as  those  now  alluded  to  are  to 
be  attributed  such  phenomena  as  the  following: 

The  specter  of  the  Bracken.  This  is  wonderful, 
and,  at  first  sight,  a  terrific  phenomenon,  which  i? 
sometimes  seen  from  the  summit  of  the  Hartz 
Mountains  in  Hanover,  which  is  about  3300  feet 
above  the  level  of  the  sea,  and  overlooks  all  the 
country  fifteen  miles  round.  Erom  this  mountain 
the  most  gigantic  and  terrific  specters  have  been 
seen,whicii  have  terrified  the  credulous  and  grati- 
fied the  curious,  in  a  very  high  degree.  M.  Hawe, 
who  witnessed  this  phenomenon;  says  the  sun  rose 
about  four  o'clock,  after  he  had  ascended  to  the 
summit,  in  a  serene  sky,  free  of  clouds;  and,  about 
a  quarter  past  five,  when  looking  round  to  see  if 
the  sky  continued  clear,  he  suddenly  beheld  at  a 
little  distance,  a  human  figure  of  a  monstrous  size 
turned  toward  him,  and  glaring  at  him.  While 
gazing  on  this  gigantic  specter,  with  a  mixture  of 
awe  and  apprehension,  a  sudden  gust  of  wind 
nearly  carried  off  his  hat,  and  he  clapped  his  liand 
to  his  head  to  detain  it,  when  to  his  great  delight, 
the  colossal  specter  did  the  same.  He  changeo 
his  body  into  a  variety  of  attitudes,  all  wliich  the 
specter  exactly  imitated,  and  then  suddenly  vanish- 
ed without  any  apparent  cause,  and  in  a  short 
time  as  suddenly  appeared.  Being  joined  by 
another  spectator,  after  the  first  visions  had  dis- 
appeared, they  kept  steadily  looking  for  the  aeria' 
specters,  when  two  gigantic  monsters  suddenly 
appeared.  These  specters  had  been  long  con- 
sidered as  preternatural  by  the  inhabitants  of  the 
adjacent  districts,  and  the  whole  country  had  been 
filled  with  awe  and  terror.  Some  of  the  lakes  of 
Ireland  are  found  to  be  susceptible  of  producing 
illusions,  particularly  the  Lake  of  Killarney.  This 
romantic  sheet  of  water  is  bounded  on  one  side 
by  a  semicircle  of  rugged  mountains,  and  on  the 
other  by  a  flat  morass;  and  the  vapors  generated 
in  the  marsh,  and  broken  by  the  mountains,  con- 
tinually represent  the  most  fantastic  objects.  Fre- 
quently men  riding  along  the  shore  are  seen  as  if 
they  were  moving  across  the  lake,  which  is  sup- 
posed to  have  given  rise  to  the  legend  of  O'Do 
nougho,  a  magician,  who  is  said  to  be  visible  on 
the  lake  every  May  morning. 

There  can  be  little  doubt  that  most  of  those 
visionary  appearances  wliich  have  been  frequently 
seen  in  the  sky  and  in  mountainous  regions,  are 
phantoms  produced  by  the  cause  to  which  I  air 
adverting,  such  as  armies  of  footmen  and  horse- 
men, which  some  have  asserted  to  have  been  seen 
in  the  air  near  the  horizon.  A  well-authentica- 
ted instance  of  this  kind  occurred  in  the  liighlanda 
of   Scotland  :    Mr.  Wren,  of  Wetton  Hall,  and 
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D.  Strlcket,  iiis  servant,  in  the  year  1744,  were  sit- 
ting at  tlie  door  of  the  house  in  a  summer  evening-, 
when  they  were  surprised  to  see  opposite  to  them, 
on  the  side  of  Sonterfeli  hill — a  place  so  extreme- 
ly steep  that  scarce  a  horse  could  walk  slowly 
along  it — the  figure  of  a  man  with  a  dog  pursuing 
several  horses,  all  running  at  a  most  rapid  pace. 
Onward  they  passed,  until  at  last  they  disappear^^d 
at  the  lower  end  of  the  Fell.  In  expectation  of 
finding  the  man  dashed  to  pieces  by  so  tremendous 
a  fall,  they  went  early  next  morning  and  made  a 
search,  but  no  trace  of  man  or  horse,  or  the  prints 
of  their  feet  on  the  turf  could  be  found.  Some 
time  afterward,  about  seven  in  the  evening,  on  the 
same  spot,  they  beheld  a  troop  of  horsemen  ad- 
vancing in  close  ranks  and  at  a  brisk  pace.  The 
inmates  of  every  cottage  for  a  mile  round  beheld 
the  wondrous  scene,  tiiough  they  had  formerly 
ridiculed  the  story  told  by  Mr.  Wren  and  his  ser- 
vant, and  were  struck  with  surprise  and  fear. 
The  figures  were  seen  for  upward  of  two  hours, 
until  the  approach  of  darkness  rendered  them  in- 
visible. Thi»  various  evolutions  and  changes 
through  which  the  troops  passed  were  distinctly 
visible,  and  were  marked  by  all  the  observers.  It 
is  not  improbable  that  these  aerial  troopers  were 
produced  by  the  same  cause  which  made  the  cas- 
tle of  Dover  to  appear  on  the  side  of  the  hill  next 
to  Ramsgate,  and  it  is  supposed  that  they  were 
images  of  a  body  of  rebels,  on  the  other  side  of 
the  hill,  exercising  themselves  previous  to  the 
rebellion  in  1745.* 

I  shall  mention  only  another  instance  of  this  de- 
scription which  lately  occurred  in  France,  and  for 
a  time  caused  a  powerful  sensation  among  c;ll  ranks. 
On  Sunday,  tlie  17th  of  December,  1826,  the 
clergy  in  tlie  parish  of  Migne,  in  the  vicinity  of 
•Poictiers,  were  engaged  in  the  exercises  of  the 
Jubilee  which  preceded  the  festival  of  Christmas, 
and  a  number  of  persons,  to  the  amount  of  3,000 
souls  assisted  in  the  service.  They  had  planted, 
as  part  of  the  ceremony,  a  large  cross,  twenty- 
five  feet  high,  and  painted  red,  in  the  open  air 
beside  the  church.  While  one  of  the  preachers, 
about  five  in  the  evening,  was  addressing  the 
multitude,  he  reminded  them  of  the  miraculous 
cross  which  appeared  in  the  sky  to  Constantine 
ind  his  army,  and  the  eifect  it  produced,  when 
suddenl}'  a  similar  celestial  cross  appeared  in  the 
heavens  just  before  the  porch  of  the  churcli, 
about  200  feet  above  the  horizon,  and  140  feet  in 
length,  and  its  breadth  from  three  to  four  feet,  of 
a  bright  silver  color,  tinged  with  red.  The  curate 
and  congregation  fixed  their  wondering  gaze  upon 
this  extraordinary  phenomenon,  and  the  effect 
produced  on  the  minds  of  the  assembly  was  strong 
and  solemn  ;  they  spontaneously  threw  them- 
selves on  their  knees  ;  and  many,  who  had  been 
remiss  in  their  religious  duties,  humbly  confess- 
ed their  sins,  and  made  vows  of  penance  and 
reformation.  A  commission  was  appointed  to 
investigate  the  truth  of  this  extraordinary  appear- 
ance, and  a  memorial  stating  the  above  and  other 
facts,  was  subscribed  by  more  than  forty  persons 
of  rank  and  intelligence,  so  that  no  doubt  was 
entertained  as  to  the  reality  of  the  phenomenon. 
By  many  it  was  considered  as  strictly  miraculous, 
as  having  happened  at  the  time  and  in  the  cir- 
cumstances mentioned.  But  it  is  evident,  from 
what  we  have  already  stated,  that  it  may   be  ac- 

*There  can  be  little  doubt  that  some  of  the  facts  ascribed, 
in  the  western  highlands  of  Scotland,  to  second  sicht,  have 
Been  owiag  to  the  unnsual  refraction  of  the  atmosphere  ; 
as  one  oftlie  peculiarities  attributed  to  tliose  who  possessed 
this  fatuity  was,  that  they  were  enabled  to  descry  boats  and 
•hips  b»  fore  ti  ey  a]-.peared  in  the  horizoii. 


counted  for  on  physical  principles.  Tlie  large 
cross  of  wood  painted  red  was  doubtless  the  real 
object  which  produced  the  magnified  image.  The 
state  of  the  atmosphere,  according  to  the  uescrip- 
tions  given  in  the  memorial,  nnist  liave  been 
favorable  for  the  production  of  such  imao-fs. — 
The  spectrum  of  the  wooden  cross  must  have 
been  cast  on  the  concave  surface  of  some  atmo- 
spheric mirror,  and  so  reflected  back  to  the  eyes 
of  the  spectators  from  an  opposite  place,  retaining 
exactly  tlVe  same  shape  and  proportions,  hnt  uila- 
ted  in  size;  and,  what  is  worthy  of  attention,  it 
was  tinged  with  red,  the  very  color  of  the  object 
of  which  it  was  the  reflected  image. 

Such  phenomena  as  we  have  now  described,  and 
the  causes  of  them  which  science  is  able  to  un- 
fold, are  worthy  of  consideration,  in  order  to 
divest  the  mind  of  superstitious  terrors,  and  ena- 
ble it  clearly  to  perceive  the  laws  by  which  the 
Almighty  directs  the  movements  of  the  material 
system.  When  any  appearance  in  nature,  exactly 
ti:e  reverse  of  everything  we  could  have  previous- 
ly conceived,  presents  itself  to  view,  and  when 
we  know  of  no  material  cause  by  which  it  could 
be  produced,  the  mind  must  feel  a  certain  degree 
of  awe  and  terror,  and  will  naturally  resort  to 
supernatural  agency  as  acting  either  in  opposition 
to  the  established  laws  of  the  universe,  or  beyond 
the  range  to  which  they  are  confined.  Beside 
the  fears  and  apprehensions  to  which  such  erro- 
neous conceptions  give  rise,  they  tend  to  convey 
false  and  distorted  impressions  of  the  attributes 
of  the  Deity,  and  of  His  moral  government. — 
Science,  therefore,  performs  an  invaluable  ser- 
vice to  man,  by  removing  the  cause  of  supersti- 
tious alarms,  by  investigating  the  laws  and  prin- 
ciples wliich  operate  in  the  physical  system,  and 
by  assigning  reasons  for  those  occasional  pheno- 
mena which  at  first  sight  appeared  beyond  the 
range  of  the  operation  of  natural  causes. 

The  late  ingenious  Dr.  Wollaston  illustrated 
the  causes  of  some  of  the  phenomena  we  have 
described,  in  the  following  manner  :  He  looked 
along  the  side  of  a  red-hot  poker  at  a  word  or 
object  ten  or  twelve  feet  distant;  and  at  a  distance 
less  than  three-eighths  of  an  inch  from  the  line 
of  the  poker,  an  inverted  image  was  seen,  and 
within  and  without  that  image,  an  erect  image,  in 
consequence  of  the  change  produced,  by  the  heat 
of  the  poker,  in  the  density  of  the  air.  He  also 
suggested  the  following  experiment  as  another 
illustration  of  the  same  principle,  namely,  on 
viewing  an  object  through  a  stratum  of  spirit  of 


wine  lying  above  water,  or  a  stratum  of  water 
laid  above  one  of  sirup.  He  poured  into  a  square 
vial  a  small  quantity  of  clear  sirup,  and  above 
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this  he  puurec]  an  equal  quantity  of  water,  wliich, 
gradually  combined  with  tlie  sirup,  as  seen  at  A, 
tig.  30.  The  word  "sirup,"  on  a  card  held 
behind  the  bottle  appeared  erect  when  seen  through 
the  pure  spirit,  but  inverted  when  seen  through 
tiie  nii.xtLire  of  water  and  .'-iiup.  He  afterwar.l 
put  nearly  the  same  quantity  of  reclified  spii'its 
of  wine  above  the  water,  as  seen  at  B,  and  he 
saw  the  appearance  as  represented,  namely, 
the  true  place  of  tiie  word  "  Spirit,''  and  the 
inverted  and  erect  images  below.  These  sub- 
stances, by  their  gradual  incorporation,  produce 
refracting  power,  diminishing  from  the  spirit  of 
wiiLe  to  tiie  ivater,  or  from  the  sirup  to  the  water; 
so  that,  by  looking  through  the  mixed  stratum,  an 
inveited  image  ol  any  object  is  seen  behind  the 
bottle.  'I'hese  experiments  sliow  that  the  miraye 
and  several  other  atmospherical  phenomena  may 
be  produced  by  variations  in  the  refractive  power 
of  dirterent  strata  of  the  atmosphere. 

It  is  not  unlikely  that  phenomena  of  a  new  and 
diiFerent  description  from  any  we  have  hitherto 
obse"i'ved,  may  be  produced  from  the  same  causes 
to  which  we  have  adverted.  A  certain  optical 
writer  remarks:  "If  the  variation  of  the  refrac- 
tive power  of  the  air  takes  place  in  a  horizontal 
line  perpendicular  to  the  line  of  vision,  that  is, 
from  right  to  left,  then  we  may  iiave  a  lateral 
mirage,  that  is,  an  image  of  a  ship  may  be  seen 
on  the  right  or  left  hand  of  the  real  ship,  or  on 
both,  if  the  variation  of  refractive  power  is  the 
same  on  each  side  of  the  line  of  vision,  and  a 
fact  of  this  kind  was  once  observed  on  the  Lake 
of  Geneva.  If  there  should  happen  at  the  same 
time  both  a  vertical  and  a  lateral  variation  of  re- 
fractive power  in  the  air,  and  if  the  variation 
should  be  such  as  to  expand  or  elongate  the  object 
in  both  directions,  then  the  object  would  be  mag- 
nified as  if  seen  through  a  telescope,  and  might 
be  seen  and  recognized  at  a  distance  at  which  it 
would  otherwise  have  been  invisible.  If  the  refract- 
ing power,  on  the  contrary,  varied  so  as  to  con- 
struct the  object  in  both  dii-eclions,  the  image  of 
it  would  be  diminished  as  if  seen  through  a  con- 
cave lens." 

REMARKS    AND    REFI-ECTIO\S   I\    REFERENCE   TO   THE 
PHENOMENA    DESCRIBED    ABOVE. 

Such,  then,  are  some  of  the  striking  and  interest- 
ing eflects  produced  by  tJie  refraction  and  the  reflec- 
tion of  the  rays  of  light.  As  the  formation  of  the 
images  oi  objects  by  convex  lenses  lays  the  founda- 
tion of  the  construction  of  refracting  telescopes  and 
microsco[)es,  and  of  all  tlie  discoveries  they  have 
brought  to  light,  so  the  property  of  concave  specula, 
in  forming  similar  images,  is  that  on  which  tiie  con- 
Btruclion  of  rejlecting  telescopes  entirely  depends. 
To  this  circumstance  Herschel  was  indebted  for 
the  powerful  telescopes  he  was  enabled  to  con- 
struct— which  were  all  formed  on  the  principle 
of  reflection — and  for  ail  the  discoveries  they  en- 
abled him  to  make  in  the  planetary  system,  and 
in  the  sidereal  heavens.  The  same  principles 
which  operate  in  optical  instruments,  under  the 
agency  of  man,  we  have  reason  to  believe,  fre- 
quently acton  a  more  expansive  scale  in  various 
parts  of  the  system  of  nature.  The  magniiicent 
cross  which  astonished  the  preacher  and  tlie  im- 
mense congregation  assembled  at  Migne,  was,  in 
all  probability,  caused  by  a  vast  atmospherical 
speculum  formed  by  the  hand  of  nature,  and  re- 
presenting its  objects  on  a  scale  far  superior  to 
that  of  human  art;  and  probably  to  the  same 
cause  is  to  be  attributed  the  singular  phenomenon 
of   the   coast   of  France   having   been   made  to 


appear  within  two  or  three  miles  of  the  towE 
of  Hastings,  as  formerly  described  (see  p.  24). — 
Many  other  phenomena  which  we  have  nevei 
witnessed,  and  of  which  we  can  form  no  con- 
ception, may  be  produced  by  the  same  cause 
operating  in  an  infinity  of  modes. 

The  facts  we  have  stated  above,  and  the  variety 
of  modes  by  wliich  light  maj'  be  refracted  and  re- 
flected by  different  substances  in  nature,  lead  us 
to  form  some  conception  of  the  magnificent  and 
diversified  scenes  which  liglit  may  produce  in 
other  systems  and  worlds  under  the  arrangements 
of  the  all-wise  and  beneficent  Creator,  Light,  in 
all  its  mouiiications  and  varieties  of  color  and  re- 
flection, may  be  considered  as  the  beauty  and 
glory  of  tlie  universe,  and  the  source  of  unnum- 
bered enjoyments  to  all  its  inhabitants.  It  is  a. 
symbol  of  the  Divinity  himself;  for  "God  is 
LIGHT,  and  in  Him  is  no  darkness  at  all."  It  is 
a  representative  of  Him  who  is  exhibited  in  the 
sacred  oracles  as  "The  Sun  of  Righteousness," 
and  "  the  Light  of  the  world."  It  is  an  emblem 
of  the  glories  and  felicities  of  that  future  world 
where  knowledge  shall  be  perfected  and  happiness 
complete;  for  its  inhabitants  are  designated  "  the 
saints  in  light;''''  and  it  is  declared  in  sacred  history 
to  have  been  the  first-born  of  created  beings.  In 
our  lower  world,  its  efTects  on  the  objects  which 
surround  us,  and  its  influences  upon  all  sensitive 
beings,  are  multifarious  and  highly  admirable. 
While  passing  from  infinitude  to  infinitude,  it 
reveals  the  depth  and  immensity  of  the  heavenS; 
the  glory  of  the  sun,  the  beauty  of  the  stars,  the 
arrangements  of  the  planets,  the  rainbow  encom- 
passing the  sky  with  its  glorious  circle,  the  era- 
broidery  of  flowers,  the  rich  clothing  of  tlie  mea- 
dows, the  valleys  standing  thick  with  'orn,  "the 
cattle  on  a  thousand  hills,"  the  rivers  rolling 
through  the  plains,  and  the  wide  expanse  of  the 
ocean.  But  in  other  worlds  the  scenes  it  creates 
may  be  far  more  resplendent  and  magnificent. 
This  may  depend  upon  the  refractive  and  reflec- 
tive powers  with  vi^hioh  the  Creator  has  endowed 
the  atmospheres  of  other  planets,  and  the  pecu- 
liar constitution  of  the  various  objects  with  which 
they  are  connected.  It  is  evident,  from  what  we 
already  know  of  the  reflection  of  light,  that  vei-y 
slight  modifications  of  certain  physical  principles, 
and  very  slight  additions  to  the  arrangements  of 
our  terrestrial  system,  might  produce  scenes  of 
beauty,  magnificence,  and  splendor,  of  which  at 
present  we  can  form  no  conception.  And  it  is 
not  unlikely  that  by  such  diversities  of  arrange- 
ment in  other  worlds  an-  infinite  variety  of  natu- 
ral scenery  is  produced  throughout  the  uni- 
verse. 

In  the  arrangements  connected  with  the  planet 
Saturn,  and  the  immense  rings  with  which  it  is 
encompassed,  and  in  the  various  posii ions  which 
its  satellites  daily  assume  with  regard  to  one  an- 
other, to  the  planet  itself,  and  to  these  rings,  there 
is,  in  all  probability,  a  combination  of  refractions, 
reflections,  light,  and  shadows,  which  produce 
scenes  wonderfully  diversified,  and  surpassing  in 
grandeur  what  we  can  now  distincllj^  conceive. 
In  the  remote  regions  of  the  heavens  there  ara 
eertain  bodies  composed  of  immense  masses  of  lu- 
minous matter,  not  yet  formed  into  any  regular 
system,  and  which  are  known  by  the  name  of 
nthula.  What  should  hinder  us  from  supposing 
that  certain  exterior  portions  of  those  masses  form 
speculums  of  enormous  size,  as  some  parts  of  our 
atmosphere  are  sometimes  found  to  do  ?  Such 
specula  may  be  conceived  to  be  hundreds  and 
even  thousands  of  miles  in  diameter,  and  that 
they  may  form  images  of  the  most  distant  objects 
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in  the  lieavens,  on  a  scale  of  immense  magnitude 
and  extent,  and  which  may  be  reflected,  in  all 
their  grandeur,  to  the  eyes  of  inteiUgejices  at  a 
vast  distance.  And,  if  the  organs  of  virion  ol' 
such  beings  be  far  superior  to  ours  in  acutent■^s 
and  penetrating  power,  they  may  thus  be  enabled 
to  take  a  survey  of  an  immense  sphere  of  vision, 
and  to  descry  magnificent  objects  at  distances  tiie 
most  remote  from  tlie  sphere  ihey  occupy.  Vv  h;'  i- 
ever  grounds  there  may  be  for  such  suppositions, 
it  must  be  admitted   that  all  the  knowlkidffe  we 


have  hitherto  acquired  respecting  the  opernti'on  of 
light,  and  the  splendid  effects  it  is  capaijic  of  pro- 
ducing, is  small  indeed,  and  limited  to  a  uar.row 
circle,  compared  with  the  immeiisity  of  its  range, 
the  infinite  niodilications  it  may  undergo,  and  tho 
wondrous  scenes  it  may  cr^'ate  in  re:>ions  of  crea- 
tion to  which  human  eyes  have  never  yet  pene- 
trated, and  which  may  present  to  view  objects  ol 
bjilli:incy  and  magnificence  such  as  "  Eye  hath 
not  yet  seen,  nor  ear  lieard,  nor  hath  iteutered 
into  the  heart  of  man  to  conceive." 


C  II  A  P  T  E  E    V . 


SECTION  L 


ON  THE  COLORS  OF  LIGHT. 


We  have  hitherto  considered  light  chiefly  as  a 
simple  homogeneous  substance,  as  if  all  its  rays 
were  white,  and  as  if  they  were  all  refracted  in 
the  same  manner  by  the  different  lenses  on  vviiich 
they  fall.  Investigations,  however,  into  the  na- 
ture of  tliis  wonderful  fluid  have  demonstrated 
that  this  is  not  the  case,  and  that  it  is  possessed  of 
certain  additional  properties  of  the  utmost  impor- 
tance in  the  system  of  nature.  Had  every  ray  of 
light  been  a  pure  whiti>,  and  incapable  of  b^'ing 
separated  into  any  other  colors,  the  scene  of  the 
universe  would  have  exhibited  a  very  different 
aspect  from  what  we  now  behold.  One  uniform 
hue  would  have  appeared  over  the  whole  face  of 
nature,  and  one  object  could  scarcely  have  been 
distinguished  from  another.  The  difitirent  shades 
of  verdure  which  now  diversify  every  landscape, 
the  brilliant  coloring  of  the  flowery  fields,  and  al- 
most all  the  beauties  and  sublimities  which  adorn 
this  lower  creation  would  have  been  withdrawn. 
But  it  is  now  ascertained  that  every  ray  of  white 
light  is  composed  of  an  assemblage  of  colors, 
whence  proceed  that  infinite  variety  of  shade  and 
color  with  which  the  whole  of  our  terrestrial 
habitation  is  arrayed.  Tliose  colors  are  found 
not  to  be  in  the  objects  themselves,  but  in  the 
rays  of  light  which  fall  upon  them,  without  v^'hich 
they  would  either  be  invisible  or  wear  a  uniform 
aspect.  In  reference  to  this  point,  Goldsmith  has 
well  observed :  "  The  blushing  beauties  of  the 
rose,  the  modest  blue  of  the  violet,  are  not  in  the 
flowers  themselves,  but  in  the  light  that  adorns 
them.  Odor,  softness  and  beauty  of  figure  are 
tlieir  own  ;  but  it  is  light  alone  that  dresses  them 
up  in  those  robes  which  shame  the  monaj-ch's 
glory." 

Many  strange  opinions  and  hypotheses  were 
entertained  respecting  colors  by  the  ancients,  and 
even  by  many  modern  writers,  prior  to  the  time 
of  Sir  Isaac  Newton.  The  Pythagoreans  called 
color  the  superficies  of  bodies;  Plato  said  that  it 
was  a  flame  issuing  from  them.  According  to 
Zeno,  it  is  the  first  configuration  of  matter  ,  and 
according  to  Aristotle,  it  is  that  which  moves  bo- 
dies actually  transparent.  Among  the  moderns, 
Des  Cartes  imagined  that  the  difference  of  color 
nroceeds  fri)ni  the  prevalence  of  the  direct  or  ro- 
atory  motion  of  the  particles  of  light.  Grimauii, 
i)echules,  and  others,  thought  the  differences  of 
color  depended  upon  the  quick  or  slow  vibrations 
of  a  certain  elastic  medium  filling  the  whole  uni- 
verse. Rohault  imagined  that  the  different  colors 
were  made  by  the  rays  of  light  entering  the  eye 


at  different  angles  with  respect  to  the  optic  axis  ; 
and  Dr.  Hook  conceived   that  color  is  caused  by 
the  sensation  of  the  oblique  or  uneven  pulse  of 
light;  and  this  being  capable  of  no  more  t.ian  two 
varieties,   he  concluded   that  the^»)  could   be  no 
more  than  two  primary  colors.     Such  were  some 
of  the  c!  ufie  opinions  which  prevailed  before  the 
era  of  the  illustrious  Newton,  by  whose  enlighten- 
ed investigations  the  true  theory  of  colors  was  at 
last  discovered.     In  the  year  1666  this  philosopher 
began  to  investigate  the  subject,  and  finding  the 
colored  image  of  the  sun,  formed  by  a  glass  prism, 
to  be  of  an  oblong,  ar.d  not  of  a  circular  form,  as, 
according  to  the  laws  of  refraction,  it  ought  to  be, 
he  was  surprised  at  the  great  disproportion   be- 
tween its  length   and  breadth,  the  former  being 
frc  times  the  length  of  the  latter  ;  and  he  began 
to  conjecture  that  light  is  not  homogeneal,  but  that 
it  consists  of  rays,  some  of  which  are  much  more 
refrangible  than  others.     Prior  to  this  period,  phi- 
losophers supposed  that  aW  light,  in  passing  out  of 
one  medium  into  another  of  different  density,  was 
equally   refracted    in   the   same   or   like    circum- 
stances ;  but  Newton  discovered  that   this  is  not 
the  fact ;  but  tliat  there  are  difftrent  species  of 
light,  and  that  each   species   is  disposed   both  to 
suffer  a  different  degree  of  refrangibility  in  pass- 
ing out  of  one  medium  into  another,  and  to  excite 
in  us  the  idea  of  a  different  color  from  the  rest ; 
and  that  bodies  appear  of  that  color  which  arises 
from  the   peculiar  rays   they  are   disposed    to  re- 
flect.    It  is  now,  therefore,  universally  acknow- 
ledged that  the  light  of  the  sun,  which  to  us  seems 
perfectly  homogeneal  and  white,  is  composed  of 
no  fewer  than  seven  different  colors,  namely.  Red, 
Orange,  Yellow,  Green,  Blue,  Indigo,  and  Viulei. 
A  body  which  appears  of  a  red  color  lias  the  pro- 
perty of  reflecting  the  red  rays  more  powerfully 
than  any  of  the  others;  a  body  of  a  green  color 
reflects  the  green  rays  more  copiously  than  rays 
of  any  other  color,  and  so  of   the  orange,  vellow, 
blue,  purple,  and  violet.     A  body  which  is   of  a 
black  color,  instead  of  reflecting,  absorbs  all,  or 
the  greater  part  of  the  rays  that  fall  ujion  it;  and, 
on  the  contrary,  a  body  that  appears  uhilc  reflects 
the  greater  part  of  the  rays  indiscriminately,  with- 
out separating  the  one  from  the  other. 

Before  proceeding  to  describe  the  experiments 
by  which  the  above  results  were  obtained,  it  Lnay 
be  proper  to  give  some  idea  of  the  form  and  effects 
of  Ihe  pj-ism  by  which  such  experiments  are  made. 
This  instrument  is  triangular  and  straight,  and 
generally  about  three  or  four  inches  long.  It  is 
commonly  made  of  white  glass,  as  free  as  possible, 
from  veins  and  bubbles,  and  other  similar  defects, 
and  is  solid  throughout.     Its  lateral  faces,  or  sides, 
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should  be  perfectly  plane,  and  of  a  fine  polish. 
Tlie  angle  formi'd  by  the  two  faces,  one  receivin^r 
the  ray  of  light  that  is  refracted  in  tlie  instru- 
ment, and  tlie  other  affording  it  an  issue  on  its  re- 
turning into  tlie  air,  is  called  the  refracting  angle 
of  the  prism,  a.s  A  C  B  (fig.  31  j.  The  nianaer  in 
which  Newton  performed  his  experiment.^,  and 
established  the  discovery  to  which  we  have  alluded, 
is  as  follows : 


Fig.  31. 


In  the  window-shutter,  £!G  (fig.  31,)  of  a  dark 
room,  a  hole,  F,  was  made,  of  about  one-third  of 
an  inch  diameter,  and  behind  it  was  placed  a  glass 
prism,  A  C  B,  s^o  that  the  beam  of  light,  S  F,  pro- 
ceeding directly  from  t!ie  sun,  was  made  to  pass 
through  the  prism.  Before  the  interposition  of 
the  prism,  tie  beam  proceeded  in  a  straight  line 
toward  T,  where  it  formed  a  round,  white  spot; 
but,  being  now  bent  out  of  its  course  by  the 
prism,  it  formed  an  oblong  image,  O  P,  upon  the 
white  pasteboard,  or  screen,  L  M,  containing  the 
seven  colors  marked  in  tlie  figure,  the  red  being 
the  least,  and  the  violet  the  jnost  refracted  from  the 
original  direction  of  the  solar  beam,  S  T.  This 
oblong  image  is  called  the  prismatic  spectrum.  If 
the  refracting  angle  of  the  prism,  AC  B,  be  64 
degrees,  and  the  distance  of  the  pasteboard  from 
the  prism  about  18  feet,  the  length  of  the  image, 
O  P,  will  bo  about  ten  inches,  and  the  breadth"  2 
inches.  The  sides  of  the  spectrum  are  right  lines 
distinctly  bounded,  and  the  ends  are  semicircular. 
From  tins  circumstance,  it  is  evident  that  it  is  still 
the  image  of  the  sun,  but  elongated  by  the  refrac- 
tive power  of  the  prism.  It  is  evident  from  tlie 
figure  that,  since  some  part  of  the  beam,  R  O,  is 
refracted  much  farther  out  of  its  natural  course 
W  T  than  some  other  part  of  the  beam,  as  W  P, 
the  rays  toward  R  O  have  a  much  greater  dispo- 
sition to  be  refracted  than  those  toward  WP;  and 
that  this  disposition  arises  from  the  naturally  dif- 
ferent qualites  of  those  rays,  is  evident  from  tliis 
consideration,  that  the  refracting  angle  or  power 
of  tile  prism  is  the  same  in  regard  to  the  superior 
part  of  the  beam  as  to  the  inferior. 

By  making  a  hole  in  the  screen,  L  M,  opposite 
any  one  of  the  colors  of  the  spectrum,  so  as  to 
allow  that  color  alone  to  pass — and  by  letting  the 
color  thus  separated  fall  upon  a  second  prism — 
Newton  found  that  the  light  of  each  of  the  colors 
was  alike  refrangible,  because  the  second  prism 
could  not  separate  them  into  an  oblong  imago,  or 
into  any  other  color.  Hence  he  called  all  the 
seven  colors  simple  or  homogeneous,  in  opposition 
to  wAi/e  light,  which  he  called  compound,  or  hetero- 
geneous. With  the  prism  which  this  philosopher 
used,  he  found  the  lengths  of  the  colors  and  spaces 
of  the  spectrum  to  be  as  follows:  Red,  45;  Orange, 
27;  Yellow, 40;  Green,  60;  Blue,  60;  Indigo,  48; 
Violet,  80;  or  360  in  all.  But  these  spaces  vary 
a  little  with  prisms  formed  of  different  substances, 
and,  as  they  are  not  separated  by  distinct  limits, 
it  is  difficult  to  obtain  anything  like  an  accurate 
measure  of  their  relative  extents.  Newton  ex- 
amined the  ratio  between  the  sines  of  incidence 
and  refraction  of  these  decompounded  rays  (see 
p.  18),  and  found  that  each  of  the  seven  primary 
color-making  rays  had  certain  limits  within  which 
they  were   confined.     Thus,  let  the  sine  of  inci- 


dence in  glass  be  divided  into  50  equal  parts,  the 
sine  of  refraction  into  air  of  tl>e  least  refrangible, 
and  the  itwst  refrangible  rays  will  contain  re.spec- 
tively  77  and  76  such  parts.  The  sines  of  refrac- 
tion vt  all  the  degrees  of  red  will  have  the  inter- 
medi»te  degrees  of  magnitude,  from  77  to  77  one- 
eighth;  Orange,  from  77  one-eighth  to  77  one-fifth; 
Yellow,  from  77  one-fifth  to  77  one-third;  Grefn, 
from  77  one-third  to  77  one-half;  Blue,  from  77 
one-half  to  77  two-thirds;  Indigo,  from  77  two- 
thirds  to  77  seven-ninths;  and  Violet,  from  77 
seven-ninths  to  78. 

P^'om  what  has  been  now  stated,  it  is  evident 
that,  in  proportion  as  any  portion  of  an  optic 
glass  bears  a  resemblance  to  the  form  of  a  prism, 
the  component  rays  that  pass  through  it  must  be 
necessarily  separated,  and  will  consequently  paint 
or  tinge  the  object  with  colors.  The  edges  of 
every  conve.x  lens  approach  to  this  form,  and  it  is 
on  this  account  that  the  extremities  of  objects, 
when  viewed  through  them,  are  found  to  be  tinged 
with  the  prismatic  colors.  In  such  a  glass,  there- 
fore, those  different  colored  rays  will  have  differ- 
ent foci,  and  will  form  their  respective  images  at 
different  distances  fi-om  the  lens.  Thus,  suppose 
L  N  (fig.  32)  to  represent  a  double  convex  lens, 

Fig.  32. 


and  O  B,  an  object  at  some  distance  from  it.  If 
the  object  O  B  was  of  a  pure  red  color,  the  rays 
proceeding  from  it  would  form  a  red  image  at  jR  r; 
if  the  object  was  of  a  violet  color,  an  image  of 
that  color  would  be  formed  at  Vv,  nearer  the  lens; 
and  if  the  object  was  white,  or  any  other  combi- 
nation of  the  color-making  rays,  those  rays  would 
have  their  respective  foci  at  different  distances 
from  the  lens,  and  form  a  succession  of  images, 
in  the  order  of  the  prismatic  colors,  between  the 
space  R  r  and  T^v. 

This  may  be  illustrated  in  the  following  man- 
ner: Take  a  card  or  slip  of  white  pasteboard,  as 
.1  B  E  F  (fig.  33),  and  paint  one-half,  A  B  C  D, 

Fig.  33. 


red,  the  other  half,  C  F,  violet  or  indigo,  and,  tying 
black  threads  across  it,  set  it  near  the  flame  of  a 
candle,  G;  then  take  a  lens,  //  /,  and,  holding  a 
sheet  of  white  paper  behind  it,  move  it  backward 
and  forward  upon  the  edge  of  a  graduated  ruler 
until  you  see  the  black  threads  most  distinctly  in 
the  image,  and  you  will  find  the  focus  of  the  vio- 
let F  E  much  nearer  than  that  of  the  red  a  c,  which 
plainly  shows  that  bodies  of  different  colors  can 
never  be  de])icted  by  convex  lenses  without  some 
degree  of  confusion. 

The  quantity  of  dispersion  of  the  colored  rays 
in  convex  lenses  depends  upon  the  focal  length  of 
the  glass,  the  space  which  the  colored  images  oc- 
cupy being  about  the  twenty-eighth  part.  Thus, 
if  the  lens  be  twenty-eight  inches  focal  distance, 
the  space  between  R  r  and  Vv  (fig.  32)  will  be 
about  one  inch;  if  it  be  twenty-eight  feet  focus, 
the  same  space  will  be  about  one  foot,  and  so  ca 
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in  proportion  Now,  when  such  a  succession  of 
images,  formed  by  the  different  colored  rays,  is 
viewed  through  an  eye-glass,  it  will  seem  to  form 
but  one  image,  and,  consequently,  very  indistinct, 
and  tinged  with  various  colors;  and  as  the  red 
figure,  R  R,  is  largest,  or  seen  under  the  greatest 
angle,  the  extreme  parts  of  this  confused  image 
will  be  red,  and  a  succession  of  the  prismatic 
colors  will  be  formed  within  this  red  fringe,  as  is 
generally  found  in  common  refracting  telescopes, 
constructed  with  a  single  object-glass.  It  is  owing 
to  this  circumstance  that  the  common  refracting 
telescope  cannot  be  much  improved  without  hav- 
ing recourse  to  lenses  of  a  very  long  focal  distance; 
and  hence,  about  150  years  ago,  such  telescopes 
were  constructed  of  80,  and  100,  and  120  feet  in 
length.  But  still,  the  image  was  not  formed  so 
distinctly  as  was  desired,  and  the  aperture  of  the 
object-glass  was  obliged  to  be  limited.  This  is  a 
defect  which  was  long  regarded  as  without  a  reme- 
dy, and  even  Newton  himself  despaired  of  dis- 
covering any  means  by  which  the  defects  of  re- 
fracting telescopes  might  be  removed,  and  their 
improvement  effected.  This,  however,  was  ac- 
complished by  Dollond  to  an  extent  far  surpassing 
what  could  have  beer,  expected,  of  which  a  par- 
ticular account  will  be  given  in  the  sequel. 

It  was  originally  remarked  by  Newton,  and  the 
fact  has  since  been  confirmed  by  the  experiments 
of  Sir  W.  Herschel,  that  the  different  colored  rays 
have  not  the  same  Uluminating  power.  The  violet 
rays  appear  to  have  the  least  illuminating  effect; 
the  indigo  more,  and  the  effect  increases  in  the 
order  of  the  colors,  the  green  being  very  great; 
between  the  green  and  the  yellow  the  greatest  of 
all;  the  yellow  the  same  as  the  green;  but  the  red 
less  than  the  yellow.  H'^rschel  also  endeavored  to 
determine  whether  t'le  power  of  the  differently- 
colored  rays  to  heat  bodies  varied  with  their  power 
to  illuminate  them.  He  introduced  a  beam  of 
light  into  a  dark  room,  which  was  decomposed  by 
a  prism,  and  then  exposed  a  very  sensible  ther- 
mometer to  all  the  rays  in  succession,  and  ob- 
served the  bights  to  which  it  rose  in  a  given  time. 
He  found  that  their  heating  power  increased  from 
the  violet  to  the  red.  The  mercury  in  the  ther- 
mometer rose  higher  when  its  bulb  was  placed  in 
the  indigo  than  when  it  was  placed  in  the  violet, 
still  higher  in  blue,  and  highest  of  all  at  red. 
Upon  placing  the  bulb  of  the  thermometer  below 
the  red,  quite  out  of  the  spectrum,  he  was  sur- 
prised to  find  that  the  mercury  rose  highest  of  all, 
and  concluded  that  rays  proceed  from  the  sun, 
which  have  the  power  of  heati.vg  but  not  of  illumi- 
nating bodies.  These  rays  have  been  called  invisi- 
ble solar  rays;  they  vere  shout  half  an  inch  from 
the  commencenj»-'iJ;  >'  ->j  red  rays;  at  a  greater 
distance  irom  tfiis  point  the  heat  began  to  dimin- 
ish, but  was  very  perceptible,  even  at  a  distance 
of  ly.j  inch.  He  determined  that  the  heating 
power  of  tlie  red  to  that  of  the  green  rays  was 
23^  to  1,  and  Sf^  to  1,  in  red  to  violet.  He  after- 
ward made  experiments  to  collect  those  invisible 
caloric  rays,  and  caused  them  to  act  independently 
of  the  light,  from  which  he  concluded  that  they 
are  sufficient  to  account  for  all  the  effects  pro- 
duced by  the  solar  raj's  in  exciting  heat;  that  they 
are  capable  of  passing  through  glass,  and  of  be- 
ing refracted  and  reflected,  after  they  have  been 
finally  detached  from  the  solar  beam. 

M.  Ritter,  of  Jena,  Wollaston,  Beckman,  and 
others,  have  found  that  the  rays  of  the  spectrum 
are  possessed  of  certain  chemical  properties;  that 
beyond  the  least  brilliant  extremity,  namely,  a 
little  beyond  the  violet  ray,  there  are  invisible 
rays,  which  act  chemically,  while  they  have  nei- 
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ther  the  power  of  heating  nor  illuminating  bodies. 
Muriate  of  silver,  exposed  to  the  action  of  tho 
red  rays,  becomes  blackish;  a  greater  effect  is  pro- 
duced by  the  yellow;  a  still  greater  by  the  violet, 
and  the  greatest  of  all  by  the  invisible  rays  beyond 
the  violet.  When  phosphorus  is  exposed  to  the 
action  of  the  invisible  rays  beyond  the  red,  i*^ 
emits  white  fumes,  but  the  invisible  rays  beyond 
the  violet  extinguish  them.  The  influence  of 
these  rays  is  daily  seen  in  the  change  produced 
upon  vegetable  colors,  which  fade  when  frequently 
exposed  to  the  direct  influence  of  the  sun.  What 
ever  object  they  are  destined  to  accomplish  in  tht 
general  economy  of  nature  is  not  yet  distinctly 
known;  we  cannot,  however,  doubt  that  they  are 
essentially  requisite  to  various  processes  going 
forward  in  the  material  system.  And  we  know 
that  not  only  the  comfort  of  all  the  tribes  of  the 
living  world,  but  the  very  existence  of  the  animal 
and  vegetable  creation  depends  upon  the  unre- 
mitting agency  of  the  calorific  rays. 

It  has  likewise  been  lately  discovered  that  cer- 
tain rays  of  the  spectrum,  particularly  the  violet, 
possess  the  property  of  communicating  the  magnetic 
power.  Mr.  Morichini,  of  Rome,  appears  to  have 
been  the  first  who  found  that  tiie  violet  rays  of 
the  spectrum  had  this  property.  The  result  of 
his  experiments,  however,  was  involved  in  doubt 
until  it  was  established  by  a  series  of  experiments 
instituted  by  Mrs.  Somerville,  whose  name  is  so 
well  known  in  the  scientific  world.  This  lady 
having  covered  half  a  sewing-needle,  about  an 
inch  long,  with  paper,  she  exposed  the  other  half 
for  two  hours  to  the  violet  rays.  The  needle  had 
then  acquired  north  polarity.  The  indigo  rays 
produced  nearly  the  same  effect;  and  the  blue  and 
green  rays  produced  it  in  a  still  less  degree.  In 
the  yellow,  orange,  red,  and  invisible  rays  no 
magnetic  influence  was  exhibited,  even  though 
the  experiment  was  continued  for  three  successive 
days.  The  same  effects  were  produced  by  in- 
closing the  needle  in  blue  or  green  glass,  or  wrap- 
ping it  in  blue  or  green  ribbon,  or  half  of  the 
needle  being  always  covered  with  paper. 

One  of  the  most  curious  discoveries  of  modern 
times,  in  reference  to  the  solar  spectrum,  is  that 
of  Fraunhofer,  of  Munich,  one  of  the  most  dis- 
tinguished artists  and  opticians  on  the  Continent.* 
He  discovered  that  the  spectrum  is  covered  with 
dark  and  colored  lines,  parallel  to  one  another, 
and  perpendicular  to  the  length  of  the  spectrum: 


*  Fraanhofer  was,  in  the  highest  sense  of  the  word,  aa 
optician,  an  original  discoverer  in  the  most  abstruse  and  del- 
icate departments  of  this  science,  a  competent  mathemati- 
cian, an  admirable  mechanist,  and  a  man  of  a  truly  pbilo- 
sophic«l  turn  of  mind.  By  his  extraordinary  talents,  he  was 
soon  raised  from  the  lowest  station  in  a  manufacturing  es- 
tablishment to  the  direction  of  the  optical  department  of  the 
business,  in  which  he  originally  labored  as  an  ordinary  work- 
man. He  then  applied  the  whole  power  of  his  mind  to  the 
perfection  of  the  achromatic  telescope,  the  defects  of  which, 
in  reference  to  the  optical  properties  of  the  materials  used, 
he  attempted  to  remedy;  and,  by  a  series  of  admirable  ex- 
periments, succeeded  in  giving  to  optical  determinations  the 
precision  of  astronomical  observations,  surpassing  in  this  re- 
spect til  who  had  gone  before  him,  except,  perhaps,  the  illus- 
trious Newton.  It  was  in  the  course  of  these  researches 
that  he  was  led  to  the  important  discovery  of  the  dark  lines 
which  occur  in  the  solar  spectrum.  His  achromatic  tele- 
scopes are  scattered  over  Europe,  and  are  the  largest  and 
best  that  have  hitherto  been  constructed.  He  died  at  Ma. 
nich,  at  a  premature  age,  in  18-6;  his  death,  it  is  said,  being 
accelerated  by  the  unwholesome  nature  of  the  processes  era- 
ployed  in  his  glass-house;  leaving  behind  him  a  reputation 
rarely  attained  by  one  so  young.  His  memoir  "  On  the  re- 
fractive and  dispersive  Power  of  the  diflerent  Species  of 
Glass,  in  reference  to  the  Improvement  of  Achromatic  Tele- 
scopes, and  an  Account  of  the  Lines  of  the  Spectrum,"  will 
be  found  in  the  "  Edinburgh  Philosophical  Journal,"  vol,  iz 
p,  288—299;  and  vol.  x,  p.  26—40,  for  1823,  '4. 
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and  he  counted  no  less  than  590  of  these  lines. 
In  order  to  observe  these  lines,  it  is  necessary  to 
use  prisms  of  the  most  perfect  construction,  of 
very  pure  glass,  free  of  veins,  to  exclude  all  extra- 
neous light,  and  even  to  stop  those  rays  which 
form  the  colored  spaces  which  we  are  not  exam- 
ining. It  is  necessary,  also,  to  use  a  magnifying 
instrument,  and  the  liglit  must  enter  and  emerge 
from  tlie  prism  at  equal  angles.  One  of  the  im- 
portant practical  results  of  this  discovery  is,  tliat 
those  lines  are  fix'ed  points  in  the  spectrum,  or 
rather,  that  they  have  always  the  same  position 
in  the  colored  spaces  in  which  they  are  found. 
Fraunhofer  likevvib^e  discovered,  in  the  spectrum 
produced  by  the  light  of  Venus,  the  same  streaks 
as  in  the  solar  spectrum;  in  the  spectrum  of  the 
light  of  Sirius  he  perceived  three  large  streaks, 
which,  according  to  appearance,  had  no  resem- 
blance to  those  of  the  light  of  the  sun;  one  of 
them  was  in  the  green,  two  in  the  blue.  The  stars 
appear  to  differ  from  one  another  in  their  streaks. 
The  electric  light  differs  very  much  from  the  light 
of  the  sun  and  that  of  a. lamp  in  regard  to  the 
streaks  of  the  spectrum.  "  This  experiment  may 
also  be  made,  though  in  an  imperfect  manner,  by 
viewing  a  narrow  sht  between  two  nearly  closed 
window-shutters  through  a  very  excellent  glass 
prism,  held  close  to  the  eye,  with  the  refracting 
angle  parallel  to  the  line  of  light.  When  the 
spectrum  is  formed  by  the  sun's  rays,  either  direct 
or  indirect,  as  from  the  sky,  clouds,  rainbow, 
moon,  or  planets,  the  black  bands  are  always 
found  to  be  in  the  same  parts  of  the  spectrum, 
and  under  all  circumstances  to  maintain  the  same 
relative  position,  breadth,  and  intensities." 

From  what  has  been  stated  in  reference  to  the 
solar  spectrum,  it  will  evidently  appear  that  while 
light  is  nothing  else  than  a  compound  of  all  the 
prismatic  colors;  and  this  may  be  still  further  il- 
lustrated by  showing  that  the  seven  primary  colors, 
when  again  put  together,  recompose  white  light. 
This  may  be  rudely  proved,  for  the  purpose  of 
illustration,  by  mixing  together  seven  different 
powders,  having  the  colors  and  proportion  of  the 
spectrum;  but  the  best  mode,  on  the  whole,  is  the 
following:  Let  two  circles  be  drawn  on  a  smooth 
round  board,  covered  with  white  paper,  as  in  fig- 
ure 34;    let   the  outermost  be    divided  into  360 


equal  parts;  then  draw  seven  right  lines,  as  A,  B, 

C,  ^c,  from  the  center  to  the  outermost  circle, 
making  the  lines  A  and  B  include  80  degrees  of 
that  circle.     The  lines  B  and  C,  40  degrees;  Cand 

D,  60;  D  and  E,  60;  E  and  F,  48;  F  and  G,  27; 
G  and  A,  45.  Then  between  the.ae  two  circles 
paint  the  space  A  G  red,  inclining  to  orange  near 
G;  G  F  orange,  inclining  to  yellow  near  F;  F 
E  yellow,  inclining  to  green  near  E;  E  D  green, 
inclining  to  blue  near  D;  D  C  blue,  inclining  to 


Indigo  near  C;  C  B  indigo,  inclining  to  violet  near 
B;  and  B  A  violet,  inclining  to  a  soft  red  near  A. 
This  done,  paint  all  that  part  of  the  board  black 
which  lies  within  the  inner  circle;  and,  putting 
an  axis  through  the  center  of  the  board,  let  it  be 
turned  swiftly  round  that  axis,  so  that  the  rays 
proceeding  from  the  above  colors  may  be  &ii 
blended  and  mixed  together  in  coming  to  the  eye 
Then  the  whole  colored  part  will  appear  like  a 
white  ring  a  little  grayish — not  perfectly  white, 
because  no  art  can  preoare  or  lay  on  perfest  co- 
lors, in  all  tlieir  delicate  shades,  as  found  in  the 
real  spectrum. 

That  all  the  colors  of  light,  when  blended  to- 
gether in  their  proper  proportions,  produce  a  pure 
white,  is  rendered  certain  by  tiie  following  experi- 
ment: Take  a  large  convex  glass,  and  place  it  in 
the  room  of  the  paper  or  screen  on  which  the  solar 
spectrum  was  depicted  (L.  M.  fig.  31);  the  glass 
will  unite  all  the  rays  that  come  from  the  prism, 
if  a  paper  is  placed  to  receive  thein,  and  you  will 
see  a  circular  spot  of  pure  lively  white.  The 
rays  will  cross  each  other  in  the  focus  of  the  glass, 
and,  if  the  paper  be  removed  a  little  farther  from 
that  point,  you  will  see  the  prismatic  colors  again 
displayed,  but  in  an  inverted  order,  owing  to  the 
crossing  of  the  rays. 


SECTION    II. 
On  the  colors  of  natural  objects. 

From  what  has  been  stated  above  we  may  learn 
the  true  cause  of  those  diversified  hues  exhibited 
by  natural  and  artificial  objects,  and  the  variega- 
ted coloring  which  appears  on  the  face  of  nature. 
It  is  owing  to  the  surfaces  of  bodies  being  dis- 
posed to  reflect  one  color  rather  than  another. 
When  this  disposition  is  such  that  the  body  reflects 
every  kind  of  ray,  in  the  mixed  state  in  which  it 
receives  them,  that  body  appears  white  (o  us, 
which,  properly  speaking,  is  no  color,  but  rather 
the  assemblage  of  all  colors.  If  the  body  has  a 
fitness  to  reflect  one  sort  of  rays  more  abundantly 
than  others,  by  absorbing  all  the  others,  it  will 
appear  of  the  color  belonging  to  that  species  of 
rays.  Thus,  the  grass  is  green,  because  it  absorbs 
all  the  rays,  except  the  green.  It  is  these  green 
rays  only,  which  the  grass,  the  trees,  the  shrubs, 
and  all  the  other  verdant  parts  of  the  landscape 
reflect  to  our  sight,  and  which  make  them  ap- 
pear green.  In  the  same  manner,  the  different 
flowers  reflect  their  respective  colors;  the  rose, 
the  red  rays;  the  violet,  tlie  blue;  the  jonquil, 
the  yellow;  the  marigold,  tlie  orange;  and  every 
object,  whether  natural  or  artificial,  appears  of 
that  color  which  its  peculiar  texture  is  fitted  to 
reflect.  A  great  number  of  bodies  are  fitted  to 
reflect  at  once  several  kinds  of  rays,  and  of  con- 
sequence, they  appear  under  mixed  colors.  It 
may  even  happen  that  of  two  bodies  which  should 
be  green,  for  example,  one  may  reflect  the  pure 
green  of  light,  and  the  other,  the  mixture  of  yel- 
low and  blue.  This  quality,  which  varies  to  in- 
finity, occasions  the  different  kinds  of  rays  to 
unite  in  every  possible  manner,  and  every  possible 
proportion;  and  hence  the  inexhaustible  variety 
of  shades  and  hues  which  nature  has  diffused  over 
the  landscape  of  the  world.  When  a  body  ab- 
sorbs nearly  all  the  light  which  reaches  it,  that 
body  appears  black;  it  transmits  to  the  eye  so  few 
reflected  rays  that  it  is  scarcely  perceptible  in 
itself,  and  its  presence  and  form  make  no  impres- 
sion upon  us  unless  as  it  interrupts  the  brightness 
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of  the   surrounding  space.     Black   is,   tiierefore, 
the  absence  of  all  the  colored  raj's. 

It  is  evident,  then,  tiiat  all  the  various  assem- 
blages of  colors  which  we  see  in  the  objects 
around  us  are  not  in  the  bodies  themselves,  but  in 
the  light  which  falls  upon  them.  There  is  no  co- 
lor inherent  in  the  grass,  the  trees,  the  fruits,  and 
the  flowers,  nor  even  in  the  most  splendid  and 
variegated  dress  that  adorns  a  lady.  AH  such  ob- 
jects are  as  destitute  of  color,  in  themselves,  as 
bodies  which  are  placed  in  the  center  of  the  earth, 
or  as  the  cliaotic  materials  out  of  which  our  glolie 
was  formed  before  light  was  created;  for,  where 
there  is  no  light,  there  is  no  color.  Every  object 
is  blacic,  or  witliout  color,  in  the  dark,  and  it  only 
appears  colored  as  soon  as  light  renders  it  visible. 
Tliis  is  further  evident  from  the  following  experi- 
ment: If  we  place  a  colored  body  in  one  of  the 
colors  of  the  spectrum  which  is  formed  by  the 
prism,  it  appears  of  the  color  of  the  rays  in  which 
it  is  placed.  Take,  for  example,  a  red  rose,  and 
expose  it  first  to  the  red  rays,  and  it  will  appear  of 
a  more  brilliant  ruddy  hue;  hold  it  in  the  blue 
rays,  and  it  appears  no  longer  red,  but  of  a  dingy 
blue  color,  and  in  like  manner  its  color  will  ap- 
pear different  when  placed  in  all  the  other  differ- 
ently-colored rays.  This  is  the  reason  why  the 
colors  of  objects  are  essentially  altered  by  the  na- 
ture of  the  light  in  which  they  are  seen.  The 
colors  of  ribbons,  and  various  pieces  of  silk  or 
woolen  stuff,  are  not  the  same  when  viewed  by 
candlelight  as  in  the  day-time.  In  the  light  of  a 
candle  or  a  lamp,  blue  often  appears  green,  and 
yellow  objects  assume  a  whitish  aspect.  The  rea- 
son is,  that  the  light  of  a  candle  is  not  so  pure  a 
white  as  that  of  the  sun,  but  has  a  yellowish 
tinge,  and  therefore,  when  refracted  by  the  prism, 
the  yellowish  rays  are  found  to  predominate,  and 
the  superabundance  of  yellow  rays  gives  to  blue 
objects  a  greenish  hue. 

The  doctrine  we  are  now  illustrating  is  one  which 
a  great  many  persons,  especially  among  the  fair 
sex,  fi.id  it  difficult  to  admit.  They  cannot  con- 
ceive it  possible  that  there  is  no  color  really  inhe- 
rent in  their  sjilendid  attire,  and  no  tints  of  beauty 
in  their  countenances.  "What,"  said  a  certain 
lady,  "are  there  no  colors  in  my  shawl,  and  in  the 
ribbons  that  adorn  my  headdress,  and  are  we  all 
as  black  as  u'-groes  in  the  dark  ?  I  should  almost 
shudder  to  think  of  it."  Such  persons,  however, 
need  be  in  no  alarm  at  the  idea,  but  may  console 
themselves  with  the  reflection  that,  when  they 
are  stripped  of  all  their  colored  ornaments  in  the 
dark,  tbey  are  certain  that  they  will  never  be  seen 
by  any  one  in  that  state;  and  therefore  there  is  no 
reason  to  regret  the  temporary  loss  of  those  beau- 
ties which  light  creates,  when  they  themselves, 
and  all  surrounding  objects,  are  invisible.  But,  to 
give  a  still  more  palpable  proof  of  this  position, 
the  following  popular  experiments  may  be  stated: 
Take  a  pint  of  common  spirit  and  pour  it  into 
a  soup  dish,  and  then  set  it  on  fire;  as  it  begins  to 
blaze,  throw  a  handful  of  salt  into  the  burning 
spirit,  and  keep  stirring  it  with  a  spoon.  Several 
handfuls  may  thus  be  successively  thrown  in,  and 
then  the  spectators,  standing  around  the  flame, 
will  see  each  other  frightfully  changed,  their  co- 
lors being  altered  into  a  ghastly  blackness,  in  con- 
sequence of  the  nature  of  the  light  which  fulls 
upon  them,  which  produces  colors  very  different 
from  those  of  the  solar  light.  The  following  ex- 
periment, as  described  by  Sir  D.  Brewster,  illus- 
trates the  samr- principle:  "Having  obtained  the 
means  of  illuminating  any  apartment  with  yellow 
light,  let  the  exhibition  be  made  in  a  room  with 
furniture  of  various   bright  colors,  and  with  oil 
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or  water-colored  paintings  on  the  wall.  Tlio  party 
which  is  to  witness  the  experiment  should  be  dress- 
ed in  a  diversity  of  the  gayest  colors,  and  tlis 
brightest  colored  flowers  and  highly  colored  draw 
ings  should  be  placed  on  the  tables.  The  roon; 
being  at  first  lighted  with  ordinary  lights,  the 
bright  and  gay  colors  of  everything  that  it  con- 
tains will  be  finely  displayed.  If  the  white  lights 
are  now  suddenly  extinguished,  and  the  yejhiw 
lamps  lighted,  the  most  appalling  metamorphosis 
will  he  exhibited.  The  astonished  individuals  will 
no  longer  be  able  to  recognize  each  other.  All 
tlie  furniture  of  the  room,  and  all  the  objects  it 
contains,  will  exhibit  only  one  color.  The  flow- 
ers will  lose  their  hues;  tlie  paintings  and  draw- 
ings will  appear  as  if  they  were  executed  in  China 
ink,  and  the  gayest  dresses,  the  brightest  scarlets, 
the  purest  lilacs,  the  richest  blues,  and  the  most 
vivid  greens,  will  all  be  converted  into  one  mo- 
notonous yellow.  The  complexions  of  tiie  par- 
ties, too,  will  suffer  a  corresponding  change.  One 
pallid  death-like  yellow. 

Like  the  unnatural  hue 
Which  autumn  paints  upon  the  perished  leaf, 

will  envelop  the  young  and  the  old,  and  the  sal- 
low face  will  alone  escape  from  the  metamorphosis. 
Each  individual  derives  merriment  from  the  cada- 
verous appearance  of  his  neighbor,  without  being 
sensible  that  he  is  one  of  the  ghastly  assemblage." 

From  such  experiments  as  these  we  might  con- 
clude that,  were  the  solar  rays  of  a  very  different 
description  from  what  they  are  now  found  to  be, 
the  color.s  which  embellish  the  face  of  nature,and 
the  whole  scene  of  our  sublunary  creation,  would 
assume  a  new  aspect,  and  appear  very  different 
from  what  we  now  behold  around  us  in  every 
landscape.  We  find  that  the  stars  display  great 
diversity  of  color,  which  is  doubtless  owing  to 
the  different  kinds  of  light  which  are  emitted  from 
those  bodies  ;  and  hence  we  may  conclude  that 
the  coloring  thrown  upon  the  various  objects  of 
the  universe  is  different  in  every  different  system, 
and  that  thus,  along  with  other  arrangements,  an 
infinite  variety  of  coloring  and  of  scenery  is  dis- 
tributed throughout  the  immensity  of  creation. 

The  atmosphere,  in  consequence  of  its  different 
refractive  and  reflective  powers,  is  the  source  of  a 
variety  of  colors  whicli  frequently  embellish  and 
diversify  the  aspect  of  our  sky.  The  air  rejlects 
the  blue  raj's  most  plentifully,  and  must  therefore 
transmit  the  red,  orange,  and  yellow  more  copious- 
ly tlian  the  other  rays.  When  the  sun  and  other 
heavenly  bodies  are  at  a  high  elevation,  their  light 
is  transmitted  without  any  perceptible  change; 
but  when  they  are  near  the  horizon,  their  light 
must  pass  through  a  long  and  dense  track  of  air, 
and  must  therefore  be  considerably  modified  be- 
fore it  reach  the  eye  of  the  observer.  The  mo- 
mentum of  the  red  rays  being  greater  than  that 
of  the  violet,  will  force  their  way  through  the 
resisting  medium,  while  the  violet  rays  will  be 
either  reflected  or  absorbed.  If  the  light  of  the 
setting  sun,  by  thus  passing  through  a  long  track 
of  air,  be  divested  of  the  green,  blue,  indigo,  and 
violet  rays,  the  remaining  rays  which  are  trans- 
mitted through  the  atmosphere  will  illuminate 
the  western  clouds,  first,  with  an  orange  color, 
and  then,  as  the  sun  gradually  sinks  into  the  hori- 
zon, the  track  through  which  the  rays  must  nass 
becoming  longer,  the  yellow  and  orange  are  re- 
flected, and  the  clouds  grow  more  deeply  red,  until 
at  length  the  disappearance  of  the  sun  leaves 
them  of  a  leaden  hue,  by  the  reflection  of  the 
blue  light  through  the  air.     Similar  changes  of 
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color  are  sometimes  seen  on  the  eastern  and  west- 
ern fronts  of  white  buildings.  St.  Paul's  Church, 
in  London,  Is  frpquently  seen,  at  sunset,  tinged 
with  a  very  considerable  degree  of  redness,  and 
the  same  cause  occasions  the  moon  to  assume  a 
ruddy  color,  by  the  light  transmitted  through  the 
atmosphere.  From  such  atmospherical  refrac- 
tions and  reflections  are  produced  those  rich  and 
beautiful  hues  with  which  our  sky  is  gilded  by 
the  setting  sun,  and  the  glowing  red  which  tinges 
the  morning  and  evening  clouds,  until  their  ruddy 
glare  is  tempered  by  the  purple  of  twilight,  and 
the  reflected  azure  of  the  sky. 

When  a  direct  spectrum  is  thrown  on  colors 
darker  than  itself,  it  mixes  with  them,  as  the  yel- 
low spectrum  of  the  setting  sun,  thrown  on  the 
green  grass,  becomes  a  greener  yellow.  But 
when  a  direct  spectrum  is  thrown  on  colors 
brighter  than  itself,  it  becomes  instantly  changed 
into  the  reverse  spectrum,  which  mixes  with  those 
brighter  colors.  Thus  the  yellow  spectrum  of 
the  setting  sun,  thrown  on  the  luminous  sky,  be- 
comes blue,  and  changes  with  the  color  or  bright- 
ness of  the  clouds  on  which  it  appears.  The  red 
part  of  light  being  capable  of  struggling  through 
thick  and  resisting  mediums  which  intercept  all 
other  colors,  is  likewise  the  cause  why  the  sun 
appears  red  when  seen  through  a  fog;  why  distant 
jght,  though  transmitted  through  blue  or  green 
glass,  appears  red;  why  lamps  at  a  distance,  seen 
through  the  smoke  of  a  long  street,  are  red,  while 
those  that  are  near  are  white.  To  the  same  cause 
it  is  owing  that  a  diver  at  the  bottom  of  the  sea 
is  surrounded  with  the  red  light  which  has  pierced 
through  the  superincumbent  fluid,  and  that  the 
blue  rays  are  reflected  from  the  surface  of  the 
ocean.  Hence  Dr.  Halley  informs  us  that,  when 
he  was  in  a  diving-bell  at  the  bottom  of  the  sea, 
bis  hand  always  appeared  red  in  the  water. 

The  blue  rays,  as  already  noticed,  being  unable 
to  resist  the  obstructions  they  meet  with  in  their 
course  through  the  atmosphere,  are  either  reflect- 
ed or  absorbed  in  their  passage.  It  is  to  this 
cause  that  most  philosophers  ascribe  the  blue  color 
of  the  shj,  the  faintness  and  obscurity  of  distant 
objects,  and  the  bright  azure  which  tinges  the 
moantains  of  a  distant  landscape. 


SECTION    III. 

Phenomena  of  the  rainbow. 

Since  the  rays  of  light  are  found  to  be  decom- 
posed by  refracting  surfaces,  and  reflected  in  an 
infinite  variety  of  modes  and  shades  of  color,  we 
need  not  be  surprised  at  the  changes  produced  in 
any  scene  or  object  by  the  intervention  of  another, 
and  by  the  numerous  modifications  of  which  the 
primary  colors  of  nature  are  susceptible.  The 
vivid  colors  which  gild  the  rising  and  the  setting 
sun  must  necessarily  differ  from  those  which 
adorn  its  noonday  splendor.  Variety  of  atmo- 
spheric scenery  will  thus  necessarily  be  produced, 
greater  than  the  most  lively  fancy  can  well  ima- 
gine. The  clouds  will  sometimes  assume  the 
most  fantastic  forms,  and  at  other  times  will  be 
irradiated  with  beams  of  light,  or,  covered  with 
the  darkest  hues.,  will  assume  a  lowering  aspect, 
prognostic  of  the  thunder's  roar  and  the  light- 
ning's flash,  all  in  accordance  with  the  different 
rays  that  are  reflected  to  our  eyes,  or  the  quantity 
absorbed  by  the  vapors  which  float  in  the  atmo- 
sphere. 

Light,  which  embellishes  with  so  much  magni- 
ficence a  pure  and  serene  sky,  by  means  of  innu- 


merable bright  starry  orbs  which  are  spread  ovei 
it,  sometimes,  in  a  dark  and  cloudy  sky,  exhibits 
an  ornament  which,  by  its  pomp,  splendor,  and 
variety  of  colors,  attracts  the  attention  of  every 
eye  that  has  an  opportunity  of  beholding  it.  At  cer- 
tain times,  when  there  is  a  shower  cither  around 
us,  or  at  a  distance  from  us  in  an  opposite  quartej 
to  that  of  the  sun,  a  species  of  arch  or  bow  is  seen 
in  the  sky, adorned  with  all  the  seven,  primary  co- 
lors of  light.  This  phenomenon,  which  is  one  of 
the  most  beautiful  meteors  in  nature,  has  obtained 
the  name  of  the  Rainbow.  The  rainbow  was,  foi 
ages,  considered  as  an  inexplicable  mystery,  and 
by  some  nations  it  was  adored  a^  a  deity.  Even 
after  the  dawn  of  true  philosophy,  it  was  a  con- 
siderable time  before  any  discovery  of  importance 
was  made  as  to  the  true  causes  which  operate  in 
the  production  of  this  phenomenon.  About  the 
year  1571,  M.  Fletcher,  of  Breslau,  made  a  cer- 
tain approximation  to  the  discovery  of  the  true 
cause,  by  endeavoring  to  account  for  the  colors 
of  the  rainbow  by  means  of  a  double  refraction 
and  one  reflection.  A  nearer  approximation  was 
made  by  Antonio  de  Doininis,  bishop  of  Spalatro, 
about  1601.  He  maintained  that  the  double  re- 
fraction of  Fletcher,  with  an  intervening  reflection, 
was  sufficient  to  produce  the  colors  of  the  bow. 
and  also  to  bring  the  rays  that  formed  them  to 
the  eye  of  the  spectator,  without  any  subsequent 
reflection.  To  verify  this  hypothesis,  he  pro- 
cured a  small  globe  of  solid  glass,  and  viewing  it 
when  it  was  exposed  to  the  rays  of  the  sun,  with 
his  back  to  that  luminary,  in  the  same  manner  as 
he  had  supposed  the  drops  of  rain  were  situated 
with  respect  to  them,  he  observed  the  same  colors 
which  he  had  seen  in  the  rainbow,  and  in  the- 
same  order.  But  he  could  give  no  good  reason 
why  the  bow  should  be  colored,  and,  much  less, 
any  satisfactory  account  of  the  order  in  which 
the  colors  appear.  It  was  not  until  Sir  I.  Newton 
discovered  the  different  refrangibility  of  the  rays 
of  light  that  a  complete  and  satisfactory  explana- 
tion could  be  given  of  all  the  circumstances  con- 
nected witli  tins  phenomenon. 

As  the  full  elucidation  of  this  subject  involves 
a  variety  of  optical  and  mathematical  investiga- 
tions, I  shall  do  little  more  than  explain  the  gene- 
ral principle  on  which  the  prominent  phenomena 
of  the  rainbow  may  be  accounted  for,  and  some 
of  the  facts  and  results  which  theory  and  obser- 
vation have  deduced. 

We  have  just  now  alluded  to  an  experiment 
with  a  glass  globe  :  If,  then,  we  take  either  a 
solid  glass  globe,  or  a  hollow  globe  filled  with 
water,  and  suspend  it  so  high  in  the  solar  rays 
above  the  eye  that  the  spectator,  with  his  back  to 
the  sun,  can  see  the  globe  red;  if  it  be  lowered 
slowly,  he  will  see  it  orange,  then  yellow,  then 
green,  then  blue,  then  indigo,  and  then  violet;  so 
that  the  drop,  at  different  bights,  shall  present  to 
tlie  eye  the  seven  primitive  colors  in  succession. 
In  this  case,  the  globe,  from  its  form,  will  act  in 
some  measure  like  a  prism,  and  the  ray  will  be 
separated  into  its  component  parts.  The  follow- 
ing figure  will  more  particularly  illustrate  this 
point.  Suppose  A  (fig.  35)  to  represent  a  drop 
of  rain — which  may  be  considered  as  a  globe  of 
glass  in  miniature,  and  will  produce  the  same 
effect  on  the  rays  of  light — and  let  jS  d  represent 
a  ray  from  the  sun  falling  upon  the-upper  part  of 
the  drop  at  d.  At  the  point  of  entering  the  drop 
it  will  suffer  a  refraction,  and,  instead  of  going 
forward  to  c,  it  will  be  bent  to  n.  From  n  a  part 
of  the  light  will  be  reflected  to  q — some  part  of  it 
will,  of  course  pass  through  the  drop.  By  the 
obliquity  with  which  it  falls  on   the  side  of  tlie 
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drop  at  Q,  that  part  becomes  a  kind  of  prism,  and 
Beparate3  the  ray  into  its  primitive  colors.  It  is 
Fig.  35. 


found  by  computation,  tliat  after  a  ray  has  suffer- 
ed two  refractions  and  one  reflection,  as  here  rep- 
resented, the  least  refrangible  part  of  it,  namely, 
the  red  ray,  will  make  an  angle  with  the  incident 
solar  ray  of  42°  2',  as  iS  f  q;  and  the  violet,  or 
greatest  refrangible  ray,  will  make,  with  the  solar 
ray,  an  angle  of  40°  17',  as  iS  c  q;  and  thus  all 
the  particles  of  water  within  the  difference  of 
those  two  angles,  namely,  1°  45'  (supposing  the 
ray  to  proceed  merely  from  the  center  of  the  sun), 
will  exhibit  severally  the  colors  of  the  prism,  and 
constitute  the  interior  bow  of  the  cloud.  This 
holds  good  at  whatever  hight  the  sun  may  chance 
to  be  in  a  shower  of  rain.  If  he  be  at  a  high  alti- 
tude, the  rainbow  will  be  low  ;  if  he  be  at  a  low 
elevation,  the  rainbow  must  be  high  ;  and  if  a 
shower  happen  in  a  vale,  when  the  spectator  is 
on  a  mountain,  he  will  sometimes  see  the  bow  in 
the  form  of  a  complete  circle  below  him.  We  have 
at  present  described  the  phenomena  onlj'  of  a  single 
drop  ;  but  it  is  to  be  considered  that  in  a  shower 
of  rain  there  are  drops  at  all  bights  and  at  all 
distances,  and  therefore  the  eye  situated  at  g  will 
see  all  the  different  colors.  All  those  drops  that 
are  in  a  certain  position  with  respect  to  the  spec- 
tator will  reflect  the  red  rays,  all  those  in  the  next 
station  the  orange,  those  in  the  next  the  green, 
and  so  on  with  regard  to  all  the  other  colors. 

It  appears,  then,  that  the  first  or  primary  bow 
Is  formed  by  two  refractions  and  one  reflection  ; 
but  there  is  frequently  a  second  bow  on  the  out- 
side of  the  other,  which  is  considerably  fainter. 
This  is  produced  by  drops  of  rain  above  the  drop 
we  have  supposed  at  A.  If  B  (fig.  35)  represent 
one  of  these  drops,  the  ray  to  be  sent  to  the  eye 
enters  the  drop  near  the  bottom,  and  suffers  two 
refractions  and  two  reflections,  by  which  means 
the  colors  become  reversed,  that  is,  the  violet  is 
lowest  in  the  exterior  how ,  and  the  red  is  lowest  in 
the  interior  one,  and  the  other  colors  are  reversed 
accordingly.  The  ray  T  is  refracted  at  r:  a  part 
of  it  is  reflected  from  s  to  t,  and  at  t  it  suffers  an- 
other reflection  from  t  to  u.  At  the  points  s  and 
T  part  of  the  ray  passes  through  the  drop,  on  ac- 
count of  its  transparency,  toward  w  and  x,  and 
therefore  we  say  that  part  only  of  the  ray  is  re- 
flected. By  these  losses  and  reflections  the  exte- 
rior bow  becomes  faint  and  ill-defined  in  compari- 
son of  the  interior  or  primary  bow.  In  this  case 
the  upper  part  of  the  secondary  bow  will  not  be 
seen  when  the  sun  is  above  54°  10'  above  the 
horizon,  and  the  lower  part  of  the  bow  will  not  be 
seen  when  the  sun  is  60°  58'  above  the  horizon. 

For  tlie  further  illustrations  of  this  subject,  we 


may  introduce  the  following  section  of  a  bow 
(fig.  36),  and,  in  order  to  prevent  confusion  in  at- 

Fig.  36. 


tempting  to  represent  all  the  different  colors,  let 
us  suppose  only  three  drops  of  rain,  and  three 
different  colors,  as  shown  in  the  figure.  The 
spectator,  O,  being  in  the  center  of  the  two  bows 
here  represented — the  planes  of  which  must  be 
considered  as  perpendicular  to  his  view — the 
drops  A,  B,  and  C  produce  part  of  the  interior 
bow  by  two  refractions  and  one  reflection,  as 
stated  before,  and  the  drops  D,  E,  F  will  produce 
the  exterior  bow  by  two  refractions  and  two  re- 
flections, the  sun's  rays  being  represented  by  3,  3. 
It  is  evident  that  the  angle  C  O  Pis  less  than  the 
angle  BOP,  and  that  the  angle  ^  O  P  is  the 
greatest  of  the  three.  The  largest  angle,  then,  is 
formed  by  the  red  rays,  the  middle  one  consists 
of  the  green,  and  the  smallest  the  purple  or  violet. 
All  the  drops  of  rain,  therefore,  that  happen  to  be 
in  a  certain  position  with  respect  to  the  specta- ' 
tor's  eye,  will  reflect  the  red  rays,  and  form  a  band 
or  semicircle  of  red,  and  so  of  the  other  colors 
from  drops  in  other  positions.  If  the  spectator 
alters  his  station,  he  will  see  a  bow,  but  not  the 
same  as  before ;  and  if  there  be  many  spectators, 
they  will  each  see  a  different  bow,  though  it  ap- 
pears to  be  the  same.    • 

The  rainbow  assumes  a  semicircular  appearance, 
because  it  is  only  at  certain  angles  that  the  re- 
fracted rays  are  visible  to  our  eyes,  as  is  evident 
from  the  experiment  of  the  glass  globe  formerly 
alluded  to,  which  will  refract  the  rays  only  in  a 
certain  position.  We  have  already  stated  that  the 
red  rays  make  an  angle  of  42°  2',  and  the  violet 
an  angle  of  40°  17'.  Now,  if  a  line  be  drawn 
horizontally  from  the  spectator's  eye,  it  is  evi- 
dent that  angles  formed  with  this  line,  of  a 
certain  dimension,  in  every  direction,  will  pro- 
duce a  circle,  as  will  appear  by  attaching  a  cord 
of  a  given  length  to  a  certain  point,  round  which 
it  may  turn  as  round  its  axis;  and,  in  every  point, 
will  describe  an  angle  with  the  horizontal  line  of  a 
certain  and  determinate  e:*tent. 

Sometimes  it  happens  that  three  or  more  bows 
are  visible,  though  with  different  degrees  of  dis- 
tinctness. I  have  more  than  once  observed  this 
phenomenon,  particularly  in  Edinburgh,  in  the 
month  of  August,  1625,  when  three  rainbows 
were  distinctly  seen  in  the  same  quarter  of  th» 
sky,  and,  if  I  recollect  right,  a  fragment  of  the 
fourth  made  its  appearance.  This  happens  when 
the  rays  suffer  a  third  or  fourth  reflection;  but  oa 
account  of  the  light  lost  by  so  many  reflections, 
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Buch  bows  are,  for  the  most  part,  altogether  im- 
perceptible. 

If  there  were  no  ground  to  intercept  the  rain 
and  the  view  of  the  observer,  the  rainbow  would 
form  a  complete  rArcle,  the  center  of  which  is  dia- 
metrically opi)osite  to  tiie  sun.  Such  circles  are 
sometimes  seen  in  the  spray  of  the  sea  or  of  a 
cascade,  or  from  the  tops  of  lofty  mountMins, 
when  the  showers  happen  in  the  vales  below. — 
Rainbows  of  various  d  scriptions  are  frequently 
observed  rising  amid  the  spray  and  exhalations  of 
waterfalls,  and  among  the  waves  of  the  sea,  whose 
tops  are  blown  by  the  wind  into  small  drops. — 
There  la  one  regularly  seen  when  the  sun  is  shi- 
ning, and  the  spectator  in  a  proper  position,  at 
the  fall  of  Staubback,  in  the  bosom  of  the  Alps; 
one  near  SchafFhausen;  one  at  tlie  cascade  of 
LauiFen,  and  one  at  the  cataract  of  Niagara  in 
North  America.  A  still  more  beautiful  one  is 
said  to  be  seen  at  Terni,  where  the  whole  current 
of  the  River  Velino,  rushing  from  a  steep  preci- 
pice of  nearly  200  feet  liigh,  presents  to  tlie  spec- 
tator below  a  variegated  circle,  overarching  the 
fall,  and  two  other  bows  suddenly  reflected  on  the 
right  and  left.  Don  Ulloa,  in  the  account  of  his 
journeys  in  South  America,  relates  that  circular 
rainbows  are  frequentlj'^  seen  on  the  montains 
above  Quito  in  Peru.  It  is  said  that  a  rainbow 
was  once  seen  near  London,  caused  by  the  exha- 
lations of  that  city,  after  tlie  sun  had  been  below 
the  horizon  more  than  twenty  minutes.*  A  na- 
val friend,  says  Mr.  Bucke,  informed  me  that,  as 
he  was  one  day  watching  the  sun's  effect  upon 
the  exhalations  near  Juan  Fernandez,  he  saw 
upward  of  five-and-twenty  ires  marina  animate 
the  sea  at  the  same  time.  In  these  marine  bows 
the  concave  sides  were  turned  upward,  the  drops 
of  water  rising  from  below,  and  not  falling  from 
above,  as  in  tlie  instances  of  the  aerial  arches. — 
Rainbows  are  also  occasionally  seen  on  the  grass 
in  the  morning  dew,  and  likewise  when  the  hoar- 
frost is  descending.  Dr.  Langwith  once  saw  a 
bow  lying  on  the  ground,  the  colors  of  which 
were  almost  as  lively  as  those  of  a  common  rain- 
bow. It  was  not  round,  but  oblong,  and  was 
extended  several  hundred  yards.  The  colors  took 
up  less  space,  and  were  much  more  lively  in 
those  parts  of  the  bow  which  were  near  liim  than 
in  those  which  were  at  a  distance.  When  M. 
Labillardiere  was  on  Mount  TenerifTe,  he  saw  the 
contour  of  his  body  traced  on  the  clouds  beneath 
him  in  all  the  colors  of  the  solar  bow.  He  had 
previously  witnessed  this  phenomenon  on  the 
Kesrouan,  in  Asia  Minor.  The  rainbows  of 
Greenland  are  said  to  be  frequently  of  a  pale 
white,  fringed  with  a  brownish  yellow  arising 
from  the  rays  of  the  sun  being  reflected  from  a 
frozen  cloud. 

The  following  is  a  summary  view  of  the  prin- 
cipal facts  which  have  been  ascertained  respecting 
the  rainbow  :  1.  The  rainbow  can  only  be  seen 
when  it  rains,  and  in  that  point  of  the  heavens 
which  is  opposite  to  the  sun.  2.  Both  the  prima- 
ry and  secondary  bows  are  variegated  with  all  the 
prismatic  colors — the  red  being  the  highest  color 
in  the  primary,  or  brightest  bow,  and  the  violet 
the  highest  in  the  exterior.  3.  The  primary 
rainbow  can  never  be  a  greater  arc  than  a  semi- 
circle; and,  when  the  sun  is  set,  no  bow,  in  ordi- 
nary circumstances,  can  be  seen.  4.  The  breadth 
of  the  inner  or  primary  bow — supposing  the  sun 
but  a  point — is  1°  45',  and  the  breadth  of  the  ex- 
terior bow  3'^  12',  which  is  nearly  twice  as  great 
as  that  of  the  ether;  and  the  distance  between  the 
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bows  is  8°  55'.  But  since  the  body  of  the  boo 
subtends  an  angle  of  about  half  a  degree,  by  so 
much  will  each  bow  be  increased,  and  their  dis- 
tance diminished;  and  therefore  the  breadth  of  the 
interior  bow  will  be  2°  15',  and  that  of  the  exterior 
.SO  42',  and  their  distance  8°  25'.  The  greatest 
semidiameter  of  the  interior  bow,  on  the  sam« 
grounds,  will  be  42°  17',  and  the  least  of  the  ex- 
terior bow  50°  43'.  5.  When  the  sun  is  in  th« 
horizon,  either  in  the  morning  or  evening,  the 
bows  will  appear  complete  semicircles.  On  the 
other  hand,  when  the  sun's  altitude  is  equal  to 
42°  2',  or  to  54°  10',  the  summits  of  the  bows 
will  be  depressed  belovir  the  horizon.  Hence,  du- 
ring the  days  of  summer,  within  a  certain  inter- 
val each  day,  no  visible  rainbows  can  be  formed^ 
on  account  of  the  sun's  high  altitude  above  the 
horizon.  6.  The  altitude  of  the  bows  above  the 
horizon  or  surface  of  the  earth  varies  according 
to  the  elevation  of  the  sun.  The  altitude,  at  any 
time,  may  be  taken  by  a  common  quadrant,  or  any 
other  angular  instrument;  but  if  the  sun's  altitude 
at  any  particular  time  be  known,  the  hight  of  the 
summit  of  any  of  the  bows  may  be  found  by 
subtracting  the  sun's  altitude  from  42°  2'  for  the 
inner  bow,  and  from  54°  10'  for  the  outer.  Thus, 
if  the  sun's  altitude  be  26°,  the  hight  of  the  pri- 
mary bow  would  be  16°  2',  and  of  the  secondary, 
28°  iO'.  It  follows  that  the  hight  and  the  size  of  the 
bows  diminish  as  the  altitude  of  the  sun  increases. 
7.  If  the  sun's  altitude  is  more  than  42°,  and  less 
than  54°,  the  exterior  bow  may  be  seen,  though 
the  interior  bow  is  invisible.  8.  Sometimes  only 
a  portion  of  an  arch  will  be  visible,  while  all  the 
other  parts  of  the  bow  are  invisible.  This  hap- 
pens when  the  rain  does  not  occupy  a  space  of 
sufficient  extent  to  complete  the  bow;  and  the 
appearance  of  this  position,  and  even  of  the  bow 
itself,  will  be  various,  according  to  the  nature 
of  the  situation,  and  the  space  occupied  by  the 
rain. 

The  appearance  of  the  rainbow  may  be  pro- 
duced by  artificial  means  at  any  time,  when 
the  sun  is  shining,  and  not  too  highly  elevated 
above  the  horizon.  This  is  effected  by  means  of 
artificial  fountains,  or  jet  d'eaus,  which  are  in- 
tended to  throw  up  streams  of  water  to  a  great 
hight.  These  streams,  when  they  spread  very 
wide,  and  blend  together  in  their  upper  parts, 
form,  when  falling,  a  shower  of  artificial  rain. — 
If,  then,  when  the  fountain  is  playing,  we  move 
between  it  and  the  sun,  at  a  proper  distance  from 
the  fountain,  until  our  shadow  point  directly 
toward  it,  and  look  at  the  shower,  we  shall 
observe  the  colors  of  the  rainbow  strong  and 
vivid;  and,  what  is  particularly  worthy  of  notice, 
the  bow  appears,  notwithstanding  the  nearness  of 
the  shower,  to  be  as  large  and  as  far  off  as  the 
rainbow  which  we  see  in  a  natural  shower  of 
rain.  The  same  experiment  may  be  made  by 
candle-light,  and  with  any  instrument  that  will 
form  an  artificial  shower. 

Lunar  Rainboivs. — A  lunar  bow  is  sometimes 
formed  at  night,  by  the  rays  of  the  moon  striking 
on  a  rain-cloud,  especially  when  she  is  about  the 
full.  But  such  a  phenomenon  is  very  rare.  Ari- 
stotle is  said  to  have  considered  himself  the  first 
who  had  seen  a  lunar  rainbow.  For  more  than  a 
hundred  years  prior  to  the  middle  of  the  last  cen- 
tury, we  find  only  two  or  three  instances  record- 
ed in  which  such  phenomena  are  described  with 
accuracy.  In  the  Philosophical  Transactions  for 
1783,  however,  we  have  an  account  of  ifiree 
having  been  seen  in  one  year,  and  all  in  the  same 
place,  but  they  are  by  no  means  common  pheno- 
mena.    I  have  had  an  opportunity  within  the  last 
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twenty  years  of  witnessing  two  plienomena  of 
tliis  description,  one  of  which  was  seen  at  Perth, 
on  a  Sabbath  evening,  in  the  autumn  of  1825, 
and  the  other  at  Edinburgh,  on  Wednesday,  the 
9th  of  September,  1840,  about  eight  o'clock  in 
the  evening,  of  both  which  I  gave  a  detailed  de- 
scription in  some  of  the  public  journals.  The 
moon,  in  both  cases,  was  within  a  day  or  two  of 
the  full;  the  arches  were  seen  in  the  northern 
quarter  of  the  heavens,  and  extended  nearly  from 
east  to  west,  the  moon  being  not  far  from  the 
southern  meridian.  The  bows  appeared  distinct 
and  well  defined,  but  no  distinct  traces  of  the 
prismatic  colors  could  be  perceived  on  any  of 
them.  That  wliich  appeared  in  1825  was  the 
most  distinctly  formed,  and  continued  visible  for 
more  than  an  hour.  The  other  was  much  fainter, 
and  lasted  little  more  than  half  an  hour,  dark 
clouds  having  obscured  the  face  of  the  moon. — 
These  bows  bore  a  certain  resemblance  to  some 
of  the  luminous  arches  which  sometimes  accom- 
pany the  Aurora  Borealis,  and  this  latter  pheno- 
menon has  not  unfrequently  been  mistaken  for  a 
lunar  rainbow;  but  they  may  be  always  distin- 
guished by  attending  to  the  phases  and  position 
of  the  moon.  If  the  moon  be  not  visible  above 
the  horizon,  if  she  be  in  her  first  or  last  quarter, 
or  if  any  observed  phenomenon  be  not  in  a  direc- 
tion opposite  to  the  moon,  we  may  conclude  with 
certainty  that,  whatever  appearance  is  presented, 
there  is  no  lunar  rainbow. 

The  rainbow  is  an  object  which  has  engaged 
universal  attention,  and  its  beautiful  colors  and 
form  have  excited  universal  admiration.  The 
poets  have  embellished  their  writings  with  many 
beautiful  allusions  to  this  splendid  meteor;  and 
the  playful  schoolboy,  while  viewing  the  "  bright 
enchantment,"  has  frequently  run  "  to  catch  the 
falling  glory."  When  its  arch  rests  on  the  oppo- 
site sides  of  a  narrow  valley,  or  on  the  summits 
of  two  adjacent  mountains,  its  appearance  is  both 
beautiful  and  grand.  In  all  probability,  its  figure 
first  suggested  the  idea  of  arches,  which  are  now 
found  of  so  much  utilitj'  in  forming  aqueducts 
and  bridges,  and  for  adorning  the  architecture  of 
palaces  and  temples.  It  is  scarcely  possible  seri- 
ously to  contemplate  this  splendid  phenomenon 
without  feeling  admiration  and  gratitude  toward 
that  wise  and  beneficent  Being  whose  hands  have 
bent  it  into  so  graceful  and  majestic  a  form,  and 
decked  it  with  all  the  pride  of  colors.  "  Look 
upon  the  rainbow,"  says  the  son  of  Sirach,*  "and 
praise  Him  that  made  it :  very  beautiful  it  is  in 
the  brightness  thereof.  It  compasseth  the  heaven 
about  with  a  glorious  circle,  and  the  hands  of  the 
Most  High  have  bended  it."  To  this  grand  ethe- 
real bow  the  inspired  writers  frequently  allude  as 
one  of  the  emblems  of  the  majesty  and  splendor 
of  tiie  Almighty.  In  the  prophesies  of  Ezekiel,  the 
throne  of  Deity  is  represented  as  adorned  with  a 
briglitness  "  like  the  appearance  of  the  bow  that 
is  in  the  cloud  in  the  day  of  rain — the  appearance 
of  the  likeness  of  the  glory  of  Jehovah."  And, 
in  the  visions  recorded  in  the  Book  of  the  Revela- 
tions, where  the  Most  High  is  represented  as  sit- 
ting upon  a  throne,  "  there  was  a  rainbow  round 
about  the  throne,  in  sight  like  unto  an  emerald," 
as  an  emblem  of  his  propitious  character,  and  of 
his  faithfulness  and  mercy.  After  the  deluge, 
this  how  was  appointed  as  a  sign  and  memorial 
of  the  covenant  which  God  made  with  Noah  and 
his  sons,  that  a  flood  of  waters  should  never  again 
be  permitted  to  deluge  the  earth  and  its  inhabit- 
ants, and   as  a  pledge  of  inviolable  fidelity   and 
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Divine  benignity.  When,  therefore,  we  at  any 
time  behold  "the  bow  in  the  cloud,"  we  have  not 
only  a  beautiful  and  sublime  phenomenon  pre- 
sented to  the  eye  of  sense,  but  also  a  memorial 
exhibited  to  the  mental  eye,  assuring  us  that, 
"  While  the  earth  remaineth,  seed-time  and  har- 
vest, and  cold  and  heat,  and  summer  and  winter, 
and  day  and  night,  shall  not  cease.'''* 

"  On  the  broad  sky  is  seen 

A  dewy  cloud,  and  in  the  cloud  a  bow 

Con>iiicuous,  with  seven  listed  colors  gay, 

Betokening  jteace  with  God  and  covenant  new. 

He  gives  a  promise  never  to  destroy 

The  earth  again  by  flood,  nor  let  the  sea 

Surpass  his  bounds,  nor  rain  to  drown  the  world." 

Milton,  Par.  Lost,  Hook  XL 


SECTION   IV. 
Reflections  on  the  beauty  and  utility  of 

COLORS. 

Color  is  one  of  the  properties  of  light  wliich 
constitutes  cfciefly  the  beauty  and  sublimity  of  the 
universe.  It  is  color,  in  all  its  diversified  shades, 
which  presents  to  our  view  that  almost  infinite 
variety  of  aspect  which  appears  on  the  scene  of 
nature,  which  gives  delight  to  the  eye  and  the 
imagination,  and  which  adds  a  fresh  pleasure  to 
every  new  landscape  we  behold.  Every  flower 
which  decks  our  fields  and  gardens  is  compounded 
of  different  hues :  every  plain  is  covered  with 
shrubs  and  trees  of  different  degrees  of  verdure; 
and  almost  every  mountain  is  clothed  with  herbs 
and  grass  of  difierent  shade  from  those  which  ap- 
pear on  th«  hills  and  landscape  with  which  it  'ta 
surrounded.  In  the  country,  during  summer,  na- 
ture is  every  day,  and  almost  every  hour,  varying 
her  appearance  by  the  multitude  and  variety  of  her 
hues  and  decorations,  so  that  the  eye  wanders  with 
pleasure  over  objects  continually  diversified,  and 
extending  as  far  as  the  sight  can  reach.  In  the 
flowers  with  which  every  landscape  is  adorned, 
what  a  lovely  assemblage  of  colors,  and  what  a  won- 
derful art  in  the  disposition  of  their  shades!  Here  a 
light  pencil  seems  to  have  laid  on  the  delicate  tints; 
there  they  are  blended  according  to  the  nicest 
rules  of  art.  Although  green  is  the  general  color 
which  prevails  over  the  scene  of  sublunary  nature, 
yet  it  is  diversified  by  a  thousand  difierent  shades, 
so    that   every  species  of  tree,  shrub,  and  herb  ia 


•  It  is  a  question  which  has  been  frequently  started, 
whether  there  was  any  rainbow  before  the  tiood  ?  Some 
have  conceived  that  the  rainbow  was  something  of  a  mirae- 
vlous  production,  and  that  it  was  never  seen  before  the  flood. 
The  equivocal  sense  of  the  word  "  set,"  in  our  translation, 
has  occasioned  a  mistaken  impression  of  this  kind.  The 
Hebrew  word,  thus  translated,  signifies  more  properly  "  I  do 
give,"  or  "  1  appoint."  The  whole  passage  in  reference  to 
this  circumstance,  literally  translated,  runs  thus  ;  "  I  ap- 
point my  bow  which  is  in  the  cloud,  that  it  may  be  for  a 
sign  or  token  of  a  covenant  between  me  and  the  earth;  and 
it  shall  come  to  pass,  when  I  bring  a  cloud  over  the  earth, 
and  the  bow  shall  be  seen  iu  the  cloud,  that  I  will  remember 
my  covenant  that  is  between  me  and  you,"  &c.  As  the 
rainbow  is  produced  by  the  immutable  laws  of  refraction  and 
reflection,  as  applied  to  the  rays  of  the  sun  striking  on  drops 
of  falling  rain,  the  phenomenon  must  have  been  occasionally 
exhibited  from  the  beginning  of  the  world;  unless  we  «Dppoi;» 
that  there  was  no  rain  before  the  flood,  and  that  the  constitu- 
tion of  things  in  the  physical  system  was  very  difl^rentfrom 
what  it  is  now.  The  passage  aftirms  no  more  than  that  the 
rainbow  was  then  appointed  to  be  a  spmbol  of  the  covenant 
between  God  and  man;  and  although  it  may  have  been  fre- 
quently seen  before,  it  would  serve  the  purpose  of  a  sign 
equally  well  as  if  it  had  been  miraculously  formed  for  this 
purpose,  and  even  better,  as  its  frequent  appearance,  ac 
cording  to  natural  laws,  is  a  perpetual  memorial  to  man  of 
the  Divine  taithfulness  and  mercy. 
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clothed  with  its  own  peculiar  verdure.  The  dark 
green  of  the  forests  is  thus  easily  distinguished 
from  tlie  h'ghter  shades  of  cornfields  and  the  ver- 
dure of  the  lawns.  The  system  of  animated 
nature  likewise  displays  a  diversified  assemblage 
of  beautiful  colors.  The  plumage  of  birds,  the 
brilliant  feathers  of  the  peacock,  tlie  ruby  andeme- 
rald  hues  which  adorn  the  little  humming-bird, 
and  the  various  embellishments  of  many  species 
of  the  insect  tribe,  present  to  the  eye  in  every  re- 
gion of  the  globe,  a  scene  of  diversified  be  luty 
and  embellishment.  Nor  is  the  mineral  kingdom 
destitute  of  such  embellislinients;  for  some  of 
the  darkest  and  most  unshapely  stones  and  pebbles, 
when  polished  by  the  hand  of  art,  display  a  mix- 
ture of  the  most  delicate  and  variegated  colors. 
All  which  beauties  and  varieties  in  the  scene 
around  us  are  entirely  owing  to  that  properly,  in 
every  ray  of  light,  by  which  it  is  capable  of  be- 
ing separated  into  the  primitive  colors. 

To  the  same  cause,  likewise,  are  to  be  ascribed 
those  beautiful  and  diver.sified  appearances  wliicli 
frequently  adorn  the  face  of  the  sky — the  yellow, 
orange,  and  ruby  hues  which  embellish  the  firma- 
ment at  the  rising  of  the  sun,  and  when  he  is 
about  to  descend  below  the  western  horizon ; 
and  those  aerial  landscapes,  so  frequently  beheld 
in  tropical  climes,  where  rivers,  castles,  and  moun- 
tains are  depicted  rolling  over  each  other  along  the 
circle  of  the  horizon.  The  clouds,  especially  iu 
some  countries,  reflect  almost  every  color  in  na- 
ture. Sometimes  they  wear  the  modest  blush  of 
the  rose;  sometimes  they  appear  like  stripes  of 
deep  Vermillion,  and  sometimes  as  large,  brilliant 
masses  tinged  with  various  hues;  now  they  are 
white  as  ivory,  and  now  as  yellow  as  native  gold.  In 
Borne  tropical  countries,  according  to  St.  Pierre, 
the  clouds  roll  themselves  up  into  enormous  masses 
as  white  as  snow,  and  are  piled  upon  each  other, 
like  the  Cordilleras  of  Peru,  and  are  molded  into 
the  shape  of  mountains,  of  caverns,  and  of  rocks. 
When  the  sun  sets  behind  this  magnificent  aerial 
net-work,  a  multitude  of  luminous  rays  are  trans- 
mitted through  each  particular  interstice,  which 
produce  such  an  effect  that  the  two  sides  of  tlie 
lozenge  illuminated  by  them  have  the  appearance 
of  being  begirt  with  a  fillet  of  gold;  and  the  other 
two,  which  are  in  the  shade,  seem  tinged  with  a 
superb  ruddy  orange.  Four  or  five  divergent  streams 
of  light,  emanating  from  the  setting  sun  up  to  the 
zenith,  clothe  with  fringes  of  gold  the  undetermi- 
nate  summits  of  this  celestial  barrier,  and  proceed 
to  strike  with  the  reflexes  of  their  fires  the  pyra- 
mids of  the  collateral  aerial  mountains,  which 
then  appear  to  consist  of  silver  and  vermilion. 
In  short,  color  diversifies  every  sublunary  scene, 
whether  on  the  earth  or  in  the  atmosphere;  it  im- 
parts a  beauty  to  the  phenomena  of  falling  stars, 
of  luminous  arches,  and  the  coruscations  of  the 
Aurora  Borealis,  and  gives  a  splendor  and  sublimity 
to  the  spacious  vault  of  heaven. 

Let  us  now  consider  for  a  moment  what  would 
be  the  aspect  of  nature  if,  instead  of  the  beauti- 
ful variety  of  embellishments  which  now  appear 
on  every  landscape,  and  on  the  concave  of  the 
sky,  one  uniform  color  had  been  thrown  over  the 
scenery  of  the  universe.  Let  us  conceive  the 
whole  of  terrestrial  nnture  to  be  covered  with 
snow,  so  that  not  an  ol  ject  on  earth  should  ap- 
pear with  any  other  hue,  and  that  the  vast  expanse 
of  the  firmament  presented  precisely  the  same 
uniform  aspect.  What  would  be  the  consequence? 
The  light  of  the  sun  would  be  strongly  reflected 
from  all  the  objects  within  the  bounds  of  our  ho- 
rizon, and  would  produce  a  luster  which  would 
dazzle  every  eye.   The  day  would  acquire  a  greater 


brightness  than  it  now  exhibits,  and  our  eyes  might, 
after  some  time,  be  enabled  freely  to  expatiate  over 
the  surrounding  landscape;  but  everything,  though 
enlightened,  would  appear  confused,  and  particu- 
lar objects  would  scarcely  be  distinguishable.  A 
tree,  a  house,  or  a  church  near  at  hand  might 
possibly  be  distinguished,  on  account  of  its  eleva- 
tion above  the  general  surface  of  the  ground,  and 
the  bed  of  a  river  by  reason  of  its  being  depressed 
below  it.  But  we  should  be  obliged  rather  to 
guess,  and  to  form  a  conjecture  as  to  the  particu- 
lar object  we  wished  to  distinguish,  than  to  arrivn 
at  any  certain  conclusion  respecting  it;  and  if  it 
lay  at  a  considerable  distance,  it  would  be  impossi- 
ble, with  any  degree  of  probability,  to  disci  imiuate 
any  one  object  from  another.  Notwithstanding 
the  universal  brightness  of  the  scene,  the  unifor- 
mity of  color  thrown  on  every  object  woidd  most 
certainly  prevent  us  from  distinguishing  a  church 
from  a  palace,  a  cottage  from  a  knoll  or  heap  of 
rubbish,  a  splendid  mansion  from  rugged  rocks, 
the  trees  from  the  hills  on  which  they  grow,  or  c 
barren  desert  from  rich  and  fertile  plains.  In  such 
acase  human  beingswould  be  confounded, andeven 
friends  and  neighbors  be  at  a  loss  to  recognize  one 
another. 

The  vault  of  heaven,  too,  would  wear  a  uniform 
aspect.  Neither  planets  nor  comets  would  be  vi- 
sible to  any  eye,  nor  those  millions  of  stars  which 
now  shine  forth  with  so  much  brilliancy,  and  di- 
versify the  nocturnal  sky;  for  it  is  by  the  contrast 
produced  by  the  deej)  azure  of  the  heavens  and 
the  white  radiance  of  the  stars  that  those  bodies 
are  rendered  visible.  Were  they  depicted  on  a 
pure  wliite  ground  ''oy  would  not  be  distinguish- 
ed from  that  ground,  and  would,  consequently, 
be  invisible,  unless  any  of  them  occasionally  as- 
sumed a  different  color.  Of  course,  all  that  beau- 
tiful variety  of  aspect  which  now  appears  on  the 
face  of  sublunary  nature — the  rich  verdure  of  the 
fields,  the  stately  port  of  the  forest,  the  rivers  me- 
andering through  the  valleys,  the  sjjlendid  hues 
that  diversify  and  adorn  our  gardens  and  meadows, 
the  gay  coloring  of  the  morning  and  evening 
clouds,  and  all  that  variety  which  distinguishes  the 
different  seasons,  would  entirely  disappear.  A^ 
every  landscape  would  exhibit  nearly  the  samt 
aspeet,  there  would  be  no  inducement  to  the  poet 
and  the  philosopher  to  visit  distant  countries  to 
investigate  the  scenes  of  nature,  and  journey- 
ings  from  one  region  to  another  would  scarcely 
be  productive  of  enjoyment.  Were  any  other 
single  color  to  prevail,  nearly  the  same  results 
would  ensue.  Were  a  deep  ruddy  hue  to  be  uni- 
formly spread  over  the  scene  of  creation,  it  would 
not  only  be  offensive  to  the  eye,  but  would  likewise 
prevent  all  distinction  of  objects.  Were  a  dark 
blue  or  a  deep  violet  to  prevail,  it  would  produce 
a  similar  effect,  and,  at  the  same  time,  present 
the  scene  of  nature  as  covered  with  a  dismal 
gloom.  Even  if  creation  were  arrayed  in  a  robe 
of  green  which  is  a  more  pleasant  color  to  the 
eye,  were  it  not  diversified  with  the  different  shades 
it  now  exhibits,  every  object  would  be  equally  un- 
distinguishable. 

Such  would  have  been  the  aspect  of  creacion, 
and  the  inconveniences  to  which  we  should  have 
been  subjected,  had  the  Creator  afforded  us  light 
without  that  intermixture  of  colors  which  now 
appears  over  all  nature,  and  which  serves  to  dis- 
criminate one  object  from  another.  Even  our 
very  apartments  would  have  been  tame  and  Insipid, 
incapable  of  the  least  degree  of  ornament,  and 
the  articles  with  which  they  are  furnished  almost 
undistinguishable,  so  that,  hi  discriminating  onp 
object  from  another,  we  should  have  been  as  much 
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Indebted  to  the  sense  of  touch  as  to  the  sense  of 
vision.  Our  friends  and  fellow-men  would  liave 
presented  no  objects  of  interest  in  our  daily  asso- 
ciations. The  sparkling  eye,  the  benignant  smile, 
the  modest  blush,  the  blended  hues  of  white  and 
vermilion  in  the  human  face,  and  the  beauty  of 
the  female  countenance,  would  all  have  vanished, 
and  we  should  have  appeared  to  one  another  as 
so  many  moving  marble  statues,  cast  nearly  in  the 
same  mold.  But  what  would  have  been  worst 
of  all,  the  numerous  delays,  uncertainties,  and 
perplexities  to  which  we  should  have  been  sub- 
jected, had  we  been  under  the  necessity  every 
moment  of  distinguishing  objects  by  trains  of 
reasoning,  and  by  circumstances  of  time,  place, 
and  relative  position?  An  artist,  when  commen- 
cing his  work  in  tlie  morning,  with  a  hundred 
tools  of  nearly  the  same  size  and  shape  around 
him,  would  have  spent  a  considerable  portion  of 
^is  time  before  he  could  have  selected  those  pro- 
per for  his  purpose,  or  the  objects  to  which  they 
were  to  be  applied;  and  in  every  department  of 
society,  and  in  all  our  excursions  from  one  place 
to  another,  similar  difficulties  and  perplexities 
would  have  occurred.  The  one-half  of  our  time 
must  thus  have  been  employed  in  uncertain  guesses 
and  perplexing  reasonings  respecting  the  real 
nature  and  individuality  of  objects,  rather  than  in 
a  regular  train  of  thinking  and  of  employment; 
and,  after  all  our  perplexities  and  conjectures,  we 
must  have  remained  in  the  utmost  uncertainty  as 
to  the  thousands  of  scenes  and  objects  which  are 
now  obvious  to  us,  through  the  instrumentality 
of  colors,  as  soon  as  we  open  our  eyes. 

In  short,  without  color  we  could  have  had  no 
books  nor  writings:  we  could  neither  have  corres- 
ponded with  our  friends  by  letters,  nor  have  known 
anything  with  certainty  of  the  events  which  hap- 
pened in  former  ages.  No  written  revelation  of 
the  will  of  God,  and  of  his  character,  such  as  we 
now  enjoy,  could  have  been  handed  down  to  us 
from  remote  periods  and  generations.  The  dis- 
coveries of  science  and  the  improvements  of  art 
would  have  remained  unrecorded.  Universal  ig- 
norance would  liave  prevailed  throughout  the 
world,  and  the  human  mind  have  remained  in  a 
state  of  demoralization  and  debasement.  All  these, 
and  many  other  inconveniences  and  evils  would 
have  inevitably  followed,  had  not  God  painted  the 
rays  of  light  with  a  diversity  of  colors.  And 
hence  we  may  learn  that  the  most  important 
scenes  and  events  in  the  universe  may  depend 
upon  the  existence  of  a  single  principle  in  nature, 
and  even  upon  ttie  most  minute  circumstances, 
which  we  may  be  apt  to  overlook,  in  the  arrange- 
ments of  the  material  world. 

In  the  existing  state  of  things  in  the  visible 
creation,  we  cannot  but  admire  the  wisdom  and 
beneficence  of  the  Deity  in  thus  enabling  us  to 
distinguish  objects  by  so  easy  and  expeditious  a 
mode  as  that  of  color,  wiiich  in  a  moment  discrimi- 
nates every  object  and  its  several  relations.  We 
rise  in  the  morning  to  our  respective  employments, 
and  our  food,  our  drink,  our  tools,  our  books,  and 
whatever  is  requisite  for  our  comfort,  are  at  once 
discriminated.  Without  the  least  hesitation  or 
Uncertainty,  and  without  any  perplexing  process 
of  reasoning,  we  can  lay  our  hands  on  whatever 
articles  we  require.  Color  clothes  every  object 
with  its  peculiar  livery,  and  infallibly  directs  the 
hand  in  its  movements,  and  the  eye  in  its  surveys 
and  contemplations.  But  this  is  not  the  only  end 
which  the  Divine  Being  had  in  view  in  impressing 
on  the  rays  of  light  a  diversity  of  colors.  It  is 
evident  that  he  likewise  intended  to  minister  to 
our  pleasures  as  well  as  to  our  wants.     To  every 


man  of  taste,  and  almost  to  every  human  being, 
the  combination  of  colors  in  flowers,  the  delicate 
tints  with  which  they  are  painted,  the  diversified 
shades  of  green  with  which  the  hills  and  dales, 
the  mountains  and  the  vales  are  arrayed,  and  that 
beautiful  variety  which  appears  in  a  bright  sum- 
mer day  on  all  "the  objects  of  this  lower  creation, 
are  sources  of  the  purest  enjoyment  and  delight. 
It  is  color,  too,  as  well  as  magnitude,  that  adds  to 
the  sublimity  of  objects.  Were  the  canopy  of 
heaven  of  one  uniform  hue,  it  would  fail  in  pro- 
ducing those  lofty  conceptions,  and  those  delight- 
ful and  transporting  emotions,  which  a  contem- 
plation of  its  august  scenery  is  calculated  to 
inspire.  Colors  are  likewise  of  considerable  utility 
in  the  intercourse  of  general  society.  They  serve 
both  for  ornaments,  and  for  distinguishing  the 
diiferent  ranks  and  conditions  of  the  community; 
they  add  to  the  beauty  and  gracefulness  of  our 
furniture  and  clothing.  At  a  glance,  they  enable 
us  at  once  to  distinguish  the  noble  from  the  igno- 
ble, the  prince  from  his  subjects,  the  master  from 
his  servant,  and  the  widow,  clothed  with  sable 
weeds,  from  the  bride  adorned  with  her  nuptial 
ornaments. 

Since  colors,  then,  are  of  so  much  value  and 
importance,  they  may  be  reckoned  as  holding  a 
rank  among  the  noblest  natural  gifts  of  the  Cre- 
ator. As  they  are  of  such  essential  service  to  the 
inhabitants  of  our  globe,  there  can  be  no  doubt 
that  they  serve  similar  or  analogous  purposes 
throughout  all  the  worlds  in  the  universe.  The 
colors  displayed  in  the  solar  beams  are  common  to 
all  the  globes  which  compose  the  planetary  sys- 
tem, and  mrst  necessarily  be  reflected,  in  all  their 
diversified  hues,  from  objects  on  their  surfaces. 
The  light  which  radiates  from  the  fixed  stars  dis- 
plays a  similar  diversity  of  colors.  Some  of  the 
double  stars  are  found  to  emit  light  of  different 
hues;  the  larger  star  exhibiting  light  of  a  ruddy 
or  orange  hue,  and  the  smaller  one  a  radiance 
wliich  approaches  to  blue  or  green.  There  is, 
therefore,  reason  to  conclude  that  the  objects  con- 
nected with  the  planets  which  revolve  round  such 
stars — being  occasionally  enlightened  by  suns  of 
different  hues — will  display  a  more  variegated  and 
splendid  scenery  of  coloring  than  is  ever  beheld 
in  the  world  on  which  we  dwell;  and  that  one  of 
the  distinguishing  characteristics  of  different 
worlds,  in  regard  to  their  embellishments,  may 
consist  in  the  splendor  and  variety  of  colors  with 
which  the  objects  on  their  surfaces  are  adorned 
In  the  metaphorical  decription  of  the  glories  of 
the  New  Jerusalem,  recorded  in  the  Book  of  Re- 
velation, one  of  the  chief  characteristics  of  that 
city  is  suid  to  consist  in  the  splendor  and  diversity 
of  hues  with  which  it  is  adorned.  It  is  represen- 
ted as  "coming  down  from  hea.\ en,  prepared  as  a 
bride  adorned  for  her  husband,"  and  as  reflecting 
all  the  beautiful  and  variegated  colors  which  the 
finest  gems  on  earth  can  exhibit;  evidently  indi- 
cating that  splendor  and'  variety  of  coloring  are 
some  of  the  grandest  features  of  celestial  scenery. 

On  the  whole,  the  subject  of  colors,  when  seri- 
ously considered,  is  calculated  to  excite  us  to  the 
adoration  of  the  goodness  and  intelligence  of  that 
Almighty  Being  whose  wisdom  planned  all  the 
arrangements  of  the  universe,  and  to  inspire  us 
with  gratitude  for  the  numerous  convenience^ 
and  pleasures  we  derive  from  those  properties  and 
laws  he  has  impressed  on  the  material  system. 
He  might  have  afforded  us  light,  and  even  splen- 
did illumination,  without  the  pleasures  and  ad- 
vantages which  diversified  colors  now  produce, 
and  man  and  other  animated  beings  might  have 
existed  in  such  a  state.    But  what  a  very  difterent 
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scene  would  the  world  have  presented  from  what 
it  now  exhibits!  Of  how  many  thousands  of 
pleasures  should  we  have  been  deprived  I  and  to 
what  numerous  inconveniences  and  perplexities 
should  we  have  been  subjected!  The  sublimity 
and  glories  of  the  firmament,  and  the  endless 
beauties  and  varieties  which  now  embellish  our 
terrestrial  system,  would  have  been  forever  un- 
known, and  man  could  have  had  little  or  no  in- 
citement to  study  and  investigate  the  works  of  his 
Creator.  In  this,  as  well  as  in  many  other  ar- 
rangements in  nature,  we  have  a  sensible  proof 
of  the  presence  and  agency  of  that  Almighty  In- 
telligence "  in  whom  we  live,  and  move,  and  have 
our  being."  None  but  an  infinitely  Wise  and 
Beneficent  Being,  intimately  present  in  all  places, 
could  thus  so  regularly  create  in  us,  by  means  of 
color,  those  exquisite  sensations  which  aflford  so 
much  delight,  and  which  unite  us,  as  it  were, 
with  everything  around  us.     la  the  diversity  of 


hues  spread  over  the  face  of  creation,  we  have  at 
real  a  display  of  the  Divine  presence  as  Moses  en- 
joyed at  the  burning  bush.  The  only  difference 
is,  that  tlie  one  was  out  of  the  common  order  of 
Divine  procedure,  and  the  other  in  accordance 
with  those  permanent  laws  which  regulate  th« 
economy  of  the  universe.  In  every  color,  then, 
which  we  contemplate,  we  have  a  sensible  memo- 
rial of  the  presence  of  that  Being  "  whose  Spirit 
garnished  the  heavens  and  laid  the.  foundations  of 
the  earth,"  and  whose  "merciful  visitation"  sus- 
tains us  every  moment  in  existence.  But  the  re- 
velation of  God  to  our  senses,  through  the  various 
objects  of  the  material  world,  has  become  so  fa- 
miliar, that  we  are  apt  to  forget  the  Author  of  all 
our  enjoyments,  even  at  the  moment  when  we 
are  investigating  his  works  and  participatiR-j  of 
his  benefits.  "  O  that  men  would  praise  Jeh'  VEih 
for  his  goodness,  and  for  his  wonderful  wofkd  to- 
ward the  children  of  men." 


PART   II. 

ON    TELESCOPES. 


CHAPTER    I. 


HISTORY  OF  THE  INVENTION  OF  TELESCOPES. 


The  telescope  is  an  optical  instrument  for  view- 
ing objects  at  a  distance.  Its  name  is  compound- 
ed of  two  Greek  words,  tjias,  which  signifies  at  a 
distance  or  far  off,  and  a-^oTrnv,  to  view  or  to  contem- 
plate. By  means  of  telescopes,  remote  objects  are 
represented  as  if  they  were  near,  small  apparent 
magnitudes  are  enlarged,  confused  objects  are  ren- 
dered distinct,  and  the  invisible  and  obscure  parts 
of  very  distant  scenes  are  rendered  perceptible  and 
clear  to  the  organ  of  vision.  The  telescope  is 
justly  considered  as  a  grand  and  noble  instrument. 
It  is  not  a  little  surprising  that  it  should  be  in  the 
power  of  man  to  invent  and  construct  an  instru- 
ment by  whicii  objects,  too  remote  for  the  unas- 
sisted eye  to  distinguish,  should  be  brought  within 
the  range  of  distinct  vision,  as  if  tiiey  were  only 
a  few  yards  from  our  eye,  and  tiint  thousands  of 
august  objects  in  the  heavens,  which  had  been 
concealed  from  mortals  for  numerous  ages,  should 
be  brought  within  the  limits  of  our  contempla- 
tion, and  be  as  distinctly  perceived  as  if  we  had 
been  transported  many  millions  of  miles  from  the 
space  we  occupy  through  the  celestial  regions. 
The  celebrated  Huygens  remarks,  in  reference  to 
this  instrument,  that,  in  his  opinion,  "the  wit 
and  industry  of  man  has  not  produced  anything 
so  noble  and  so  worthy  of  his  faculties  as  this 
sort  of  knowledge  (namely,  of  the  telescope);  in- 
somuch that  if  any  particular  person  had  been  so 
diligent  and  sagacious  as  to  invent  this  instrument 
from  the  principles  of  nature  and  geometry,  for 
my  part,  I  should  have  thought  his  abilities  were 
more  than  human;  but  the  case  is  so  far  from 
this,  that  the  most  learned  men  have  not  yet  been 
able  sufficiently  to  explain  the  reasMi  of  the  effects 
of  thiji  casual  invention." 


The  persons  who  constructed  the  first  tele- 
copes,  and  the  exact  period  when  they  were  first 
invented,  are  involved  in  some  degree  of  obscurity. 
It  does  not  certainly  appear  that  such  instruments 
were  known  to  the  ancients,  although  we  ought 
not  to  be  perfectly  decisive  on  this  point.  The 
cabinets  of  the  curious  contain  some  very  ancient 
gems  of  admirable  workmanship,  the  figures  ou 
which  are  so  small  that  they  appear  beautiful 
through  a  magnifying  glass,  but  altogether  con- 
fused and  indistinct  to  the  naked  eye;  and  there- 
fore it  may  be  asked,  If  they  cannot  be  viewed, 
liow  could  they  be  wrought,  without  the  assistance 
of  glasses  ?  And  as  some  of  the  ancients  have 
declared  that  the  moon  has  a  form  like  that  of  the 
earth,  and  has  plains,  hills,  and  valleys  in  it,  how 
could  they  know  this,  unless  by  mere  conjecture, 
without  the  use  of  a  telescope?  And  how  could 
they  have  known  that  the  Milhj  Way  is  formed  by 
the  combined  rays  of  an  infinite  number  of  stars? 
For  Ovid  states,  in  reference  to  this  zone,  "its 
groundwork  is  of  stars."  But,  whatever  know- 
ledge the  ancients  may  have  possessed  of  the  tele- 
scope or  other  optical  glasses,  it  is  quite  evident 
that  they  never  had  telescopes  of  such  size  and 
power  as  those  which  we  now  possess,  and  that 
no  discoveries  in  the  heavens,  such  as  are  now 
brought  to  light,  were  made  by  any  of  the  ancient 
astronomers,  otherwise  some  allusions  to  them 
must  have  been  found  in  their  writings. 

Among  the  moderns,  the  illustrious  Friar  Ba- 
con appears  to  have  acquired  some  rude  ideas  re- 
specting the  construction  of  telescopes.  "  Lenses 
and  specula,"  says  he,  "  may  be  so  figured  that 
one  object  may  be  multiplied  into  many,  that  those 
which  are  situated  at  a  great  distance  may  be 


THE  INVENTION  OF  TELESCOtES. 


53 


made  to  appear  very  near,  that  those  which  are 
small  may  be  made  to  appear  very  large,  and  those 
which  are  obscure,  very  plain;  and  we  can  make 
Btars  to  appear  wherever  we  will."  From  these 
expressions,  it  appears  highly  probable  that  this 
philosopher  was  acquainted  with  the  general  prin- 
ciple both  of  telescopes  and  microscopes,  and  that 
he  may  have  constructed  telescopes  of  small  mag- 
nifying power  for  his  own  observation  and  amuse- 
ment, although  they  never  came  into  general  use. 
He  was  a  man  of  extensive  learning,  and  made  so 
rapid  a  progress  in  the  sciences,  when  attending 
the  University  of  Paris,  that  he  was  esteemed  the 
glory  of  that  seat  of  learning.  He  prosecuted 
his  favorite  study  of  experimental  philosophy  with 
unremitting  ardor,  and  in  this  pursuit,  in  the 
course  of  twenty  years,  he  expended  no  less  than 
£21100  in  experiments,  instruments,  and  in  pro- 
curing scarce  books.  Inconsequence  of  such  ex- 
traordinary talents  and  such  astonishing  progress 
in  the  sciences  in  that  ignorant  age,  he  was  repre- 
sented, by  the  envy  of  his  illiterate  fraternity,  as 
having  dealings  with  the  devil;  and,  under  this 
pretense,  lie  was  restrained  from  reading  lectures, 
and  at  length,  in  1278,  when  sixty-four  years  of 
age,  he  was  imprisoned  in  his  cell,  where  he  re- 
mained in  confinement  for  ten  years.  He  shone 
like  a  single  bright  star  in  a  dark  hemisphere — the 
glory  of  our  country' — and  died  at  Oxford,  in  the 
year  1294,  in  the  eightieth  year  of  his  age.  "  Friar 
Bacon,"  says  the  Rev.  Mr.  Jones,  "may  be  con- 
sidered as  the  first  of  English  philosophers;  his 
profound  skill  in  mechanics,  optics,  astronomy, 
and  chemistry  would  make  an  honorable  figure 
in  the  present  age.  But  he  is  entitled  to  further 
praise,  as  he  made  all  his  studies  subservient  to 
theology,  and  directed  all  his  writings,  as  much  as 
could  be,  to  the  glory  of  God.  He  had  the  high- 
est regard  for  the  sacred  Scriptures,  and  was  per- 
suaded they  contain  the  principles  of  all  true 
science." 

The  next  person  who  is  supposed  to  have  ac- 
quired a  knowledge  of  telescopes  was  Joannes 
Baptista  Porta,  of  Naples,  who  flourished  in  the 
sixteenth  century.  He  discovered  the  Camera  Ob- 
scura,  the  knowledge  of  which  might  naturally 
have  led  to  the  invention  of  the  telescope;  but  it 
does  not  appear  that  he  ever  constructed  such  an 
instrument.  Des  Cartes  considers  James  Melius, 
a  Dutchman,  as  the  first  constructor  of  a  telescope, 
and  says  that,  "as  he  was  amusing  himself  with 
making  mirrors  and  burning-glasses,  he  casually 
thought  of  looking  through  two  of  his  lenses  at 
a  time,  and  found  that  distant  objects  appeared 
very  large  and  distinct."  Others  say  that  this 
great  discovery  was  first  made  by  John  Lipper- 
sheim,  a  maker  of  spectacles  at  Middleburg,  or, 
rather,  by  his  children,  who  were  diverting  them- 
selves with  looking  through  two  glasses  at  a  time, 
and  placing  them  at  different  distances  from  each 
other.  But  Borellus,  who  wrote  a  book  "on  the 
invention  of  the  telescope,"  gives  this  honor  to 
Zacharias  Jausen,  another  spectacle  maker  in  the 
same  town,  who,  he  says,  made  the  first  telescope 
in  1591).  Jansen  was  a  diligent  inquirer  into  na- 
ture, and,  being  engaged  in  such  pursuits,  he  was 
trying  what  use  could  be  made  of  lenses  for  those 
purposes,  when  he  fortunately  hit  upon  the  con- 
struction. Having  found  the  arrangement  of  glasses 
which  produced  the  effect  desired,  he  inclosed 
them  in  a  tube,  and  ran  with  his  instrument  to 
Friuce  Maurice,  who,  immediately  conceiving  that 
it  might  be  of  use  to  him  in  his  wars,  desired  the 
author  to  keep  it  a  secret.  Such  are  the  rude 
conceptions  and  selfish  views  of  princely  warriors, 
who  WJuld  aj  ply  every  invention  in  their  power 


for  the  destruction  of  mankind.  But  the  tele- 
scope was  soon  destined  to  more  noble  and  honor- 
able achievements.  Jansen,  it  is  said,  direc'ed  his 
instrument  toward  celestial  objects,  and  distinctly 
I  saw  the  spots  on  the  surface  of  the  moon,  and  dis- 
covered many  new  stars,  particularly  several  pretty 
considerable  ones  in  the  Great  Bear.  His  son  Jo- 
annes is  said  to  have  noticed  the  lucid  circle  near 
the  lower  limb  of  the  moon,  now  named  Tycho, 
from  whence  several  bright  rays  seemed  to  dart  in 
different  directions.  In  viewing  Jupiter,  he  per- 
ceived two,  sometimes  three,  and,  at  the  most, 
four  small  stars,  a  little  above  or  below  him,  and 
thought  tliat  they  performed  revolutions  around 
him.  This  was  probably  the  first  observation  of 
the  satellites  of  Jupiter,  though  the  person  who 
made  it  was  not  aware  of  the  importance  of  his 
discovery.* 

It  is  not  improbable  that  different  persons  about 
Middleburg  hit  upon  the  invention,  in  different 
modes,  about  the  same  time.  Lippersheim  seems  to 
have  made  his  first  rude  telescope  by  adjusting  two 
glasses  on  a  board,  and  supporting  them  on  brass 
circles.!  Other  workmen,  particularly  Metius  and 
Jansen,  in  emulation  of  each  other,  seem  to  have 
made  use  of  that  discovery,  and  by  the  new  form 
they  gave  it,  made  all  the  honor  of  it  their  own. 
One  of  them,  considering  the  effects  of  light  as 
injurious  to  distinctness,  placed  the  .glasses  in  a 
tube  blackened  within.  The  other,  still  more  cau- 
tious, placed  the  same  glasses  within  tubes  capa- 
ble of  sliding  one  in  another,  both  to  vary  the 
prospects,  by  lengthening  the  instrument,  accord- 
ing to  the  pleasure  of  the  observer,  and  to  render 
it  portable  and  commodious.  Thus  it  is  probable 
that  different  persons  had  a  share  in  the  inven- 
tion, and  jointly  contributed  to  its  improvement. 
At  any  rate,  it  is  undoubtedly  to  the  Dutch  that 
we  owe  the  original  invention.  The  first  tele- 
scope made  by  Jansen  did  not  exceed  fifteen  or 
sixteen  inches  in  length,  and  therefore  its  magni- 
fying power  could  not  have  been  very  great. 

The  famous  Galileo  has  frequently  been  sup- 
posed to  have  been  the  in^'^ntor  of  the  telescope, 
but  he  acknowledges  that  he  had  not  the  honor 
of  being  the  original  inventor,  having  first  learn- 
ed from  a  German  that  such  an  instrument  had 
already  been  made;  although,  from  his  own  ac- 
count, it  appears  that  he  had  actually  reinvented 
this  instrument.  The  following  is  the  account, 
in  his  own  words,  of  the  circumstances  which  led 
him  to  construct  a  telescope:  "  Nearly  ten  months 
ago  (namely,  in  April  or  May,  1609),  it  was  re- 
ported that  a  certain  Dutchman  had  made  a  per- 
spective through  which  many  distant  objects  ap- 
peared as  distinct  as  if  they  were  near.  Several 
effects  of  this  wonderful  instrument  were  report- 
ed, which  some  believed  and  others  denied;  but, 
having  it  confirmed  to  me  a  few  days  after  by  a 
letter  from  the  noble  John  Badoverie,  at  Paris,  1 
applied  myself  to  consider  the  reason  of  it,  and 
by  what  means  I  might  contrive  a  similar  instru- 
ment, which  I  afterward  attained  to  by  the  doc- 
trine of  refractions.  And,  first,  I  prepared  a 
leaden  tube,  to  whoso  extremities  I  fitted  two 
spectacle  glasses,  both  of  them  plane  on  one  side, 
and  on  the  other  side  one  of  them  was  spherically 
convex,  and  the  other  concave.     Then  applying 


*  Though  Borellns  mentions  tliis  circumstance,  yet  there 
ii  some  reason  to  doubt  the  accuracy  of  this  statement,  as 
young  Jansen  appears  to  have  been  at  that  period  not  more 
than  six  years  old;  so  that  it  is  more  probable  that  Galileo 
was  the  first  discoverer  of  Jupiter's  satellites. 

t  The  render  may  see  an  enn;raving  of  this  instrument  in 
the  author's  work  eniitled  "  The  Improvement  of  Societi'." 
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my  eye  to  the  concave,  I  saw  objects  appear  pretty 
large  and  pretty  near  me.  They  appeared  three 
times  nearer  and  nine  times  larger  in  surface  than 
to  the  naked  eye;  and  soon  after  I  made  another, 
which  represented  objects  about  sixty  times  larger, 
and  eight  times  nearer;  and  at  last,  having  spared 
no  labor  or  expense,  I  made  an  instrument  so  ex- 
cellent as  to  show  tilings  almost  a  thousand  times 
larger,  and  above  thirty  times  nearer,  than  to  the 
naked  eye."  In  another  part  of  his  writings, 
Galileo  informs  us  that  "he  was  at  Venice  when 
he  heard  of  Prince  Maurice's  instrument,  but 
nothing  of  its  construction;  that  the  first  night 
after  he  returned  to  Padua  he  solved  the  problem, 
and  made  his  instrument  the  next  day,  and  soon 
after  presented  it  to  the  doge  at  Venice,  who,  to 
do  him  honor  for  his  grand  invention,  gave  him 
the  ducal  letters  which  settled  him  for  life  in  his 
lectureship  at  Padua;  and  the  Republic,  on  the 25th 
of  August,  in  the  same  year  (1610),  more  than 
tripled  his  salary  as  professor." 

The  following  is  the  account  which  this  philo- 
Bopher  gives  of  the  process  ef  reasoning  which 
led  him  to  the  construction  of  a  telescope:  "I 
argued  in  the  following  manner:  The  contrivance 
consists  either  of  one  glass  or  more:  one  is  not 
sufficient,  since  it  must  be  either  convex,  concave, 
or  plane;  the  last  does  not  produce  any  sensible 
alteration  in  objects,  the  concave  diminishes  them; 
it  is  true  that  the  convex  magnifies,  but  it  renders 
them  confused  and  indistinct,  consequently,  one 
glass  is  insufficient  to  produce  the  desired  effect. 
Proceeding  to  consider  two  glasses,  and  bearing  in 
mind  that  the  plane  glass  causes  no  change,  I  de- 
termined that  the  instrument  could  not  consist 
of  the  combination  of  a  plane  glass  with  either  of 
the  other  two.  I  therefore  applied  myself  to 
make  experiments  on  combinations  cf  the  two 
other  kinds,  and  thus  obtained  that  of  which  I  was 
in  search."  If  the  true  inventor  is  the  person 
who  makes  the  discovery  by  reasoning  and  re- 
flection, by  tracing  facts  and  principles  to  their 
consequences,  and  by  applying  his  invention  to 
important  purposes,  then  Galileo  may  be  consi- 
dered as  the  real  inventor  of  the  telescope.  No 
sooner  had  he  constructed  this  instrument — before 
he  had  seen  any  similar  one — than  he  directed  his 
tube  to  the  celestial  regions,  and  his  unwearied 
diligence  and  ardor  were  soon  rewarded  by  a 
series  of  new  and  splendid  discoveries.  He  de- 
scried the  four  satellites  of  Jupiter,  and  marked 
the  periods  of  their  revolutions;  he  discovered  the 
phases  of  Venus,  and  thus  was  enabled  to  adduce 
a  new  proof  of  the  Corpernican  system,  and  to 
remove  an  objection  that  had  been  brought  against 
it.  He  traced  on  the  lunar  orb  a  resemblance  to 
the  structure  of  the  earth,  and  plainly  perceived 
the  outlines  of  mountains  and  vales,  casting  their 
shadows  over  different  parts  of  its  surface.  He 
observed  that,  when  RIars  was  in  quadrature,  his 
figure  varied  slightly  from  a  perfect  circle,  and 
that  Saturn  consisted  of  a  triple  body,  having  a 
small  globe  on  each  side,  wliich  deception  was 
owing  to  the  imperfect  power  of  his  telescope, 
which  was  insufficient  to  show  him  that  the  phe- 
nomenon was  in  reality  a  ring.  In  viewing  the 
sun,  he  discovered  large  dark  spots  on  the  surface 
of  that  luminary,  by  which  he  ascertained  that 
that  mighty  orb  performed  a  revolution  round  its 
axis.  He  brought  to  view  multitudes  of  stars 
Imperceptible  to  the  naked  eye,  and  ascertained 
that  those  nebulous  appearances  in  the  heavens 
which  constitute  the  Milky  Way  consist  of  a  vast 
collection  of  minute  stars  too  closely  compacted 
together  to  produce  an  impression  on  our  unas- 
sisted visiiin. 


The  results  of  Galileo's  observations  were  given 
to  the  world  in  a  small  work,  entitled  "  IHunciua 
Sidereus,''  or,  "  News  from  the  Starry  Regions," 
which  produced  an  extraordinary  sensation  among 
the  learned.  These  discoveries  soon  spread 
throughout  Europe,  and  were  incessantly  talked 
of,  and  were  the  cause  of  much  speculation  and 
debate  among  the  circles  of  philosophers.  Many 
doubted;  many  positively  refused  to  believe  so 
novel  and  unlooked-for  announcements,  because 
they  ran  counter  to  the  philosophy  of  Aristotle 
and  all  the  preconceived  notions  which  then  pre- 
vailed in  the  learned  world.  It  is  curious,  ana 
may  be  instructive,  to  consider  to  what  a  lengll 
of  absurdity  ignorance  and  prejudice  carried  ma- 
ny of  those  who  made  pretensions  to  learning  and 
science.  Some  tried  to  reason  against  the  factf 
alleged  to  be  discovered;  others  contented  them- 
selves, and  endeavored  to  satisfy  others  with  the 
simple  assertion  that  such  things  were  not,  and 
could  not  possibly  be;  and  the  manner  in  which 
they  supported  themselves  in  their  incredulity 
was  truly  ridiculous.  "  O  my  dear  Kepler,"  says 
Galileo,  in  a  letter  to  that  astronomer,  "  how  I 
wish  we  could  have  one  hearty  laugh  together. 
Here  at  Padua  is  the  principal  professor  of  philo- 
sophy, whom  I  have  repeatedly  and  urgently  re- 
quested to  look  at  the  moon  and  planets  through 
my  glass,  which  he  pertinaciously  refuses  to  do, 
lest  his  opinions  should  be  o  irertiirned.  Why  are 
you  not  here?  what  shouts  cf  laughter  we  should 
have  at  this  glorious  folly!  and  to  hear  the  profes- 
sor of  philosophy  at  Pisa  laboring  with  the  Grand- 
duke  with  logical  arguments,  as  if  v/ith  magical 
incantations  to  charm  the  new  planets  out  of  the 
sky."  Another  opponent  of  Galileo,  one  Christ- 
mann,  says,  in  a  book  he  published,  ''  We  are  not 
to  think  that  Jupiter  has  four  satellites  given  him 
by  nature,  in  order,  by  revolving  round  him,  to 
immortalize  the  Medici  who  first  had  notice  of  tha 
observation.  These  are  the  dreams  of  idle  •ne:t, 
who  love  ludicrous  ideas  better  than  our  laborious 
and  industrious  correction  of  the  heavens.  Na- 
ture abhors  so  horrible  a  chaos,  end  to  the  truly 
wise  such  vanity  is  detestable."  One  Martin 
Horky,  a  would-be  philosopher,  declared  to  Kep- 
ler, "  I  will  never  concede  his  four  new  planets 
to  that  Italian  from  Padua,  thouyh  I  should  die  for 
it;'"  and  he  followed  up  this  declaralion  by  pub- 
lishing a  book  against  Galileo,  in  which  lie  exam- 
ines four  principal  queslions  respecting  the  allt-ged 
l)lanets:  1.  Whether  they  exist?  2.  What  they 
are?  3.  What  they  are  like?  4.  Why  they  are? 
The  first  question  is  soon  disposed  of  by  declaring 
positively  that  he  has  examined  the  heavens  witli 
Galileo's  own  glass,  and  that  no  such  tiling  as  a 
satellite  about  Jupiter  exists.  To  the  second,  he 
declares  solemnly  that  he  does  not  more  surely 
know  that  he  has  a  soul  in  his  body  than  that  re- 
flected rays  are  tlie  sole  cause  of  Galileo's  erro- 
neous observations.  In  regard  to  the  third  ques- 
tion, he  says  that  these  planets  are  like  the  small- 
est fly  compared  to  an  elephant;  and  finally  con- 
cludes, on  the  fourth,  that  the  only  use  of  them 
is  to  gratify  Galileo's  "  thirst  of  gold,"  and  to 
afford  himself  a  subject  of  discussion.  Ki'))ler, 
in  a  letter  to  Galileo,  when  alluding  to  Horky, 
says,  "  He  begged  so  hard  to  be  forgivi-n,  that  I 
have  taken  him  again  into  favor  upon  this  pre- 
liminary condition,  that  I  am  to  show  him  Jupi- 
ter's satellites,, AND  he  is  to  see  theai,  and  own 
that  they  are  there." 

The  following  is  a  specimen  of  the  reasoning 
of  certain  pretended  philosophers  of  that  age 
against  the  discoveries  of  Galileo:  Sizzi,  a  Floren- 
tine astronomer  reasons   in  this   strain-  "  There 
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are  seven  windows  given  to  animals  in  the  domi- 
cil  of  the  head,  through  whicii  the  air  is  admitted 
to  the  rest  of  the  tabernacle  of  the  body,  to  en- 
lighten, to  warm,  and  to  nourish  it;  two  nostrils, 
two  eyes,  two  ears,  and  a  mouth;  so  in  the  heav- 
ens, or  the  great  world,  there  are  two  favo'rable 
stars,  two  unpropitious,  two  luminaries,  and  Mer- 
cury alone  undecided  and  indifferent.  From 
which,  and  many  other  similar  phenomena  in  na- 
ture, such  as  the  seven  metals,  &c.,  we  gather 
that  the  number  of  planets  is  necessarily  seven. 
Moreover,  the  satellites  are  invisible  to  the  naked 
eye,  and  therefore  can  exert  no  influence  on  the 
earth,  and  therefore  would  be  useless,  and  therefore 
do  not  exist.  Beside,  as  well  the  Jews  as  other 
ancient  nations  have  adopted  the  division  of  the 
week  into  seven  days,  and  have  named  them  from 
the  seven  planets.  Now,  if  we  increase  the  num- 
ber of  the  planets,  this  whole  system  falls  to  the 
ground."  The  opinions  which  then  prevailed  in 
regard  to  Galileo's  observations  on  the  moon  were 
such  as  the  following:  Some  thought  that  the 
dark  shades  on  the  moon's  surface  arose  from  the 
interposition  of  opaque  bodies  floating  between 
her  and  the  sun,  which  prevent  his  light  from 
reaching  those  parts;  others  imagined  that,  on  ac- 
count of  her  vicinity  to  the  earth,  she  was  partly 
tainted  with  the  imperfections  of  our  terrestrial 
and  elementary  iKiture,  and  was  not  of  that  en- 
tirely pure  and  refined  substance  of  which  the 
more  remote  heavens  consist;  and  a  third  party 
looked  on  her  as  a  vast  mirror,  and  maintained 
that  the  dark  parts  of  her  surface  were  the  reflected 
images  of  our  earthly  forests  and  mountains. 

Such  learned  nonsense  is  a  disgrace  to  our  spe- 
cies, and  to  the  rational  faculties  with  which  man 
is  endowed,  and  exhibits,  in  a  niost  ludicrous  man- 
ner, the  imbecility  and  prejudice  of  those  who 
made  bold  pretensions  to  erudition  and  philoso- 
phy. The  statement  of  such  facts,  however,  may 
be  instructive,  if  they  tend  to  guard  ns  against 
those  prejudices  and  preconceived  opinions  which 
prevent  tbe  mind  from  the  cordial  reception  of 
truth,  and  from  the  admission  of  improvements 
in  society  which  run  counter  to  long-established 
customs.  For  the  same  principles  and  prejudices, 
though  in  a  different  form,  still  operate  in  society, 
and  retard  the  improvement  of  the  social  stale, 
the  march  of  science,  and  the  progress  of  Chris- 
tianity. How  ridiculous  is  it  for  a  man  calling 
himself  a  philosopher  to  be  afraid  to  look  through 
D  glass  to  an  existing  object  in  the  heavens,  lest  it 
should  endangerhis  previous  opinions!  And  how 
foolish  is  it  to  resist  any  improvement  or  reforma- 
tion in  society  because  it  does  not  exactly  accord 
with  existing  opinions  and  with  '•'  the  wisdom  of 
our  ancestors!" 

It  is  not  a  little  surprising  tliat  Galileo  should 
have  first  hit  on  that  construction  of  a  telescope 
which  goes  by  his  name,  and  which  was  foi-med 
with  a  concave  glass  next  the  eye.  Tiiis  construc- 
tion of  a  telescope  is  more  difiicult  to  be  under- 
stood in  theory  than  cne  which  is  composed  solely 
of  convex  glasses;  and  its  field  of  view  is  compa- 
ratively very  small,  so  that  it  is  almost  useless 
when  attempted  to  be  made  of  a  great  length.  In 
the  present  daj^  we  cannot  help  wondering  that 
Galileo  and  other  astronomers  should  have  made 
such  discoveries  as  they  did  with  such  an  instru- 
ment, the  use  of  which  must  have  required  a  great 
degree  of  patience  and  address.  Galileo's  best 
telescope,  which  he  constructed  "  with  great  trou- 
ble and  expense,"  magnified  the  diameters  of  ob- 
jects only  thirty-three  times;  but  its  length  is  not 
stated,  wliich  would  depend  upon  the  focal  dis-. 


tance  of  the  concave  eyeglass.  If  the  eyeglass 
was  two  inches  focus,  the  length  of  the  instru- 
ment  would  be  five  feet  four  inches;  if  it  was 
only  one  inch,  the  length  would  be  two  feet  eight 
inches,  which  is  the  least  we  can  allow  to  it — the 
object-glass  being  thirty-three  inches  focus,  and 
the  eyeglass  placed  an  inch  within  this  focus 
With  this  telescope  Galileo  discovered  the  satel- 
lites of  Jupiter,  the  crescent  of  Venus,  and  the 
other  celestial  objects  to  which  we  have  alluded. 
The  telescopes  made  in  Holland  are  supposed  to 
have  been  constructed  solely  of  convex  glasses,  on 
■the  principle  of  the  astronomical  telescope;  and 
if  so,  Galileo's  telescope  was  in  reality  a  new  in- 
vention. 

Certain  other  claimants  of  the  invention  of  the 
telescope  have  appeared,  beside  those  already  men- 
tioned. Francis  Fontana,  in  his  "  Celestial  Ob- 
servations," says  that  he  was  assured  by  a  Mr. 
Hardy,  advocate  of  the  Parliament  of  Paris,  a 
person  of  great  learning  and  undoubted  integrity, 
that,  on  the  death  of  liis  father,  there  was  found 
among  his  things  an  old  tube  by  which  distant 
objects  were  distinctly  seen,  and  that  it  was  of  a 
date  long  prior  to  the  telescope  lately  invented, 
and  had  been  kept  by  him  as  a  secret.  Mr.  Leon- 
ard Digges,  a  gentleman  who  lived  near  Bristol  in 
the  seventeenth  century,  and  was  possessed  of 
great  and  various  knowledge,  positively  asserts  in 
his  "  Siratoticos,^'  and  in  another  work,  that  his 
father,  a  military  gentleman,  had  an  instrument 
which  he  used  in  the  field,  by  which  he  could 
bring  distant  objects  near,  and  could  know  a 
man  at  the  distance  of  three  miles.  Mr.  Thomas 
Digges,  in  the  preface  to  his  "  Pantometria,"  pub- 
lished in  1591,  declares,  "  My  father,  by  his  con- 
tinual painful  practices,  assisted  by  demonstrations 
mathematical,  was  able,  and  sundry  times  hath, 
by  proportional  glasses,  duly  situate  in  convenient 
angles,  not  only  discovered  things  far  off,  read 
letters,  numbered  pieces  of  money,  with  the  very 
coin  and  superscription  thereof,  cast  by  some  of 
his  friends  of  purpose,  upon  downs  in  open  fields, 
but  also,  seven  miles  off,  declared  what  hath  been 
done  that  instant  in  private  places.  He  hath  also, 
sundry  times,  by  the  sunbeams,  fired  powder  and 
discharged  ordnance  half  a  mile  and  more  dis- 
tant, and  many  other  matters  far  more  strange 
and  rare,  of  wliich  there  are  yet  living  divers  wit- 
nesses." 

It  is  by  no  means  unlikely  that  persons  accus- 
tomed to  reflection,  and  imbued  with  a  certain 
degree  of  curiosity,  when  handling  spectacle  glasses, 
and  amusing  themselves  with  tlieir  magnifying 
powers  and  other  properties,  might  sometimes  hit 
upon  the  construction  of  a  telescope,  as  it  only  re- 
quires two  lenses  of  different  focal  distances  to  be 
held  at  a  certain  distance  from  each  other,  in  or- 
der to  show  distant  objects  magnified.  Nay,  even 
one  lens,  of  a  long  focal  distance,  is  sufficient  to 
constitute  a  telescope  of  a  moderate  magnifying 
power,  as  I  shall  show  in  the  sequel.  But  such 
instruments,  when  they  happen  to  be  constructed 
accidentally,  appear  to  have  been  kept  as  secrets, 
and  confined  to  the  cabinets  of  the  curious,  so 
that  they  never  came  into  general  use;  and  as 
their  magnifying  power  would  probably  be  com- 
paratively small,  the  appearance  of  the  heavenly 
bodies  would  not  be  much  enlarged  by  such  in- 
struiTmts,  nor  is  it  likely  that  they  would  be  often  . 
d-ittcted  to  the  heavens.  On  the  whole,  therefore, 
*e  may  conclude  that  the  period  when  instru- 
ments of  this  description  came  into  general  use, 
and  were  applied  to  useful  purposes,  was  when 
Galileo  constructed  his  first  telescopes. 


CHAPTER    II. 


OF   THE   CAMERA    OBSCURA. 


Bkfore  proceeding  to  a  particular  description 
of  the  (iitFL-rent  kinds  of  telescopes,  I  shall  first 
give  a  brief  description  of  the  camera  obscura,  us 
the  phenomena  exhibited  by  this  instrument  tend 
to  illustrate  the  princij)le  of  a  refracting  telescope. 

The  term  camera  obscura  literally  signifies  a 
darkened  vault  or  roof,  and  hence  it  came  to  de- 
note a  chamber,  or  box,  or  any  other  place  made 
dark  for  the  purpose  of  optical  experiments.  The 
camera  obscura,  thougii  a  simple,  is  yet  a  very 
curious  and  noble  contrivance,  as  it  naturally  and 
clearly  explains  the  manner  in  which  vision  is 
performed,  and  the  principle  of  the  telescope,  and 
entertains  the  spectator  with  a  most  exquisite  pic- 
ture of  surrounding  objects,  painted  in  the  most 
accurate  proportions  and  colors  by  the  hand  of 
nature.  The  manner  of  exhibiting  the  pictures 
of  objects  in  a  dark  room  is  as  follows:  In  one 
of  the  window-shutters  of  a  room  which  com- 
mands a  good  prospect  of  objects  not  very  dis- 
tant, a  circular  hole  should  be  cut  of  four  or  five 
inches  diameter.  In  this  hole  an  instrument 
should  be  placed  called  a  scioptric  ball,  which  has 
three  parts,  a  frame,  a  ball,  and  a  lens.  The  ball 
has  a  circular  hole  cut  through  the  middle,  in 
which  the  lens  is  fixed,  and  its  use  is  to  turn  every 
way,  so  as  to  take  in  a  view  of  objects  on  every 
side.  The  chamber  should  be  made  perfectly 
dark,  and  a  white  screen,  or  a  large  sheet  of  ele- 
phant paper,  should  be  placed  opposite  to  the  lens, 
and  in  its  focus,  to  receive  the  image.  If,  then, 
'ne  objects  without  be  strongly  enlightened  by  the 
sun,  ih'jrc  will  be  a  beautiful  living  picture  of  the 
scene  delineated  on  the  white  screen,  where  every 
object  i?  beheld  in  its  proportions,  and  with  its 
colors  even  more  vivid  than  life.  Green  objects 
appear  in  the  picture  more  intensely  green;  and 
yellow,  blue,  red,  or  white  flowers  appear  much 
more  beautiful  in  the  picture  than  in  nature.  If 
the  lens  be  a  good  one,  and  the  room  perfectly 
liark,  the  perspective  is  seen  in  perfection.  The 
lights  and  shadows  are  not  only  perfectly  just, 
but  also  greatly  nightened;  and,  what  is  peculiar 
to  this  delineation,  and  which  no  other  picture  or 
painting  can  exhibit,  the  inotions  of  all  the  objects 
are  exactly  expressed  in  the  picture;  the  boughs 
of  the  trees  wave,  the  leaves  quiver,  the  smoke 
ascends  in  a  waving  form,  the  people  walk,  the 
children  at  their  sports  leap  and  run,  the  horse 
and  cart  move  along,  the  ships  sail,  the  clouds 
soar  and  shift  their  aspects,  and  all  as  natural  as 
in  the  real  objects;  the  motions  being  somewhat 
quicker,  as  they  are  performed  in  a  more  con- 
tracted scene. 

These  are  the  inimitable  perfections  of  a  picture 
drawn  by  the  rays  of  light  as  the  only  pencil  in 
nature's  hand,  and  which  are  finished  in  a  mo- 
ment; for  no  sensible  interval  elapses  before  the 
painting  is  completed,  when  the  ground  on  which 
it  is  painted  is  prepared  and  adjusted.  In  com- 
parison of  such  a  picture,  the  finest  productions 
of  the  most  celebrated  artists,  the  proportions  of 
Raphael,  the  natur?.!  tints  and  coloring  of  Titian, 
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and  the  shadowing  of  the  Venetians,  are  but  coarse 
and  sorry  daubing,  when  set  in  competition  with 
what  nature  can  exhibit  by  the  rays  of  light  pass- 
ing through  a  single  lens.  The  camera  obscura 
is  at  the  same  time  the  painter's  assistant  and  the 
painter's  reproach.  From  the  pictuie  it  forms  he 
receives  his  best  instructions,  and  he  is  shovvn 
what  he  should  endeavor  to  attain;  and  hence, 
too,  he  learns  the  imperfections  of  his  art,  and 
what  it  is  imposible  for  him  to  imitate.  As  a 
proof  of  this,  the  picture  formed  in  the  dark 
chamber  will  bear  to  be  magnified  to  a  great  ex- 
tent, without  defacing  its  beauty  or  injuring  the 
fineness  of  its  parts;  but  the  finest  painted  land- 
scape, if  viewed  through  a  high  magnifier,  will 
appear  only  as  a  coarse  daubing. 

The  following  scheme  will  illustrate  what  has 
been  now  stated  respecting  the  dark  chamber  : 
Misrepresents  a  darkened  room,  in  the  side  of 
which,  IK,  is  made  the  circular  hole  V,  in  which, 
on  the  inside,  is  fixed  the  scioptric  ball.  At  some 
considerable  distance  from  this  hole  is  exhibited  a 
landscape    of    houses,  trees,  and    other    objects, 
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A  B  CD,  which  are  opposite  to  the  windovr.  The 
rays  which  flow  from  the  different  objects  whicli 
compose  this  landscape  to  the  lens  at  V,  and  which 
pass  through  it,  are  converged  to  their  respective 
foci  on  the  opposite  wall  of  the  chamber,  H  G,  or 
on  a  white  movable  screen  placed  in  the  focus  of 
the  lens,  where  they  all  combine  to  paint  a  lively 
and  beautiful  picture  of  the  range  of  objects  di- 
rectly opposite,  and  on  each  side,  so  far  as  the 
lens  can  take  in. 

Though  I  have  said  that  a  scioptric  ball  and 
socket  are  expedient  to  be  used  in  the  above  ex- 
periment, yet,  where  such  an  instrument  is  not  at 
hand,  the  lens  may  be  placed  in  a  short  tube, 
made  of  pasteboard  or  any  other  material,  and 
fixed  in  the  hole  made  in  the  window-shutter. 
The  only  imperfection  attending  this  method  is, 
that  the  lens  can  exhibit  those  objects  only  which 
lie  directly  opposite  the  window. 

Some  may  be  disposed  to  consider  it  as  an  im- 
perfection in  this  picture,  that  all  these  objects 
appear  in  an  inverted  position;  as   they  must  ne- 
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eessaniy  do,  according  to  what  we  formerly  stated 
respecting  the  properties  of  convex  lenses  (p.  28). 
There  are,  however,  different  modes  of  viewing 
the  picture  as  if  it  were  erect;  for  if  we  stand 
before  the  picture,  and  hold  a  common  mirror 
against  our  breast  at  an  acute  angle  with  the  pic- 
ture, and  look  down  upon  it,  we  shall  see  all  the 
Images  of  the  objects  as  if  restored  to  their  erect 
position;  and  by  the  reflection  of  the  mirror,  the 
picture  will  receive  such  a  luster  as  will  make  it 
still  more  delightful.  Or,  if  a  large  concave  mir- 
ror were  placed  before  the  picture  at  such  a  dis- 
tance that  its  image  may  appear  before  the  mirror, 
it  will  then  appear  erect  and  pendulous  in  the  air 
in  the  front  of  the  mirror.  Or,  if  the  image  be 
received  on  a  frame  of  paper,  we  may  stand  be- 
hind the  frame,  with  our  face  toward  the  window, 
and  look  down  upon  the  objects,  when  they  will 
appear  as  if  erect. 

The  experiment  of  the  camera  obscura  may 
serve  to  explain  and  illustrate  the  nature  of  a  com- 
mon refracting  telescope.  Let  us  suppose  that 
the  lens  in  the  window-shutter  represents  the  ob- 
ject-glass of  a  refracting  telescope.  This  glass 
forms  an  image  in  its  focus,  which  is  in  every  re- 
spect an  exact  picture  or  representation  of  the 
objects  before  it;  and  consequently  the  same  idea 
is  formed  in  the  mind  of  the  nature,  form,  mag- 
nitude, and  color  of  the  object,  whether  the  eye 
at  the  center  of  the  glass  views  the  object  itself, 
or  the  image  formed  in  its  focus;  for,  as  formerly 
stated,  the  object  and  its  image  are  both  seen  un- 
der the  same  angles  by  the  eye  placed  at  the  cen- 
ter of  the  lens.  Without  such  an  image  as  is 
formed  in  the  camera  obscura — depicted  either 
,n  the  tube  of  a  telescope  or  in  the  eye  itself — no 
^lescope  could  possibly  be  formed.  If  we  now 
suppose  that,  behind  the  image  formed  in  the 
dark  chamber,  we  apply  a  convex  lens  of  a  short 
focal  distance  to  view  that  image,  then  the  image 
will  be  seen  distinctly,  in  the  same  manner  as  we 
view  common  objects,  such  as  a  leaf  or  a  flower, 
with  a  magnifying  glass;  consequent!}^,  the  ob- 
ject itself  will  be  seen  distinct  and  magnified;  and 
as  the  same  image  is  nearer  to  one  lens  than  the 
otlier,  it  will  subtend  a  larger  angle  at  the  nearest 
lens,  and,  of  course,  will  appear  larger  than 
through  the  other,  and  consequently  the  object 
will  be  seen  magnified  in  proportion.  For  exam- 
ple, let  us  suppose  the  lens  in  the  camera  obscura, 
or  the  object  lens  of  a  telescope,  to  be  five  feet, 
or  sixty  inches  focal  distance:  at  this  distance 
from  the  glass  an  image  of  the  distant  objects  op- 
posite to  it  will  be  formed.  If,  now,  we  place  a 
small  lens  two  inches  focal  distance  beyond  this 
point,  or  five  feet  two  inches  from  the  object-glass, 
the  objects,  when  viewed  through  the  small  lens, 
will  appear  considerably  magnified,  and  apparently 
much  nearer  than  to  the  naked  eye.  The  degree 
of  magnifying  power  is  in  proportion  to  the  focal 
distances  of  the  two  glasses;  that  is,  in  the  pres- 
ent case,  in  the  proportion  of  two  inches,  the  fo- 
cus of  the  small  lens,  to  sixty  inches,  the  focus 
of  the  object  lens.  Divide  sixty  by  two,  the  quo- 
tient is  thirty,  which  gives  the  magnifying  power 
of  such  a  telescope;  that  is,  it  represents  objects 
thirty  times  nearer,  or  under  an  angle  thirty  times 
larger  than  to  the  naked  eye.  If  the  eyeglass,  in- 
stead of  being  two  inches,  were  only  one  and  a 
half  inch  focus,  the  magnifying  power  would  be 
in  the  proportion  of  one  and  a  half  to  sixty,  or 
forty  times.  If  the  eyeglass  were  three  inches 
focus,  the  magnifying  power  would  be  twenty 
times;  and  so  on  with  regard  to  other  proportions. 
In  all  cases,  where  a  telescope  is  composed  of  only 
two  convex  lenses,  the  magnifying  power  is  de- 


termined hy  dividing  the  focal  distance  of  the  oh- 
ject-glass  by  the  focal  distance  of  the  eyeglass,  and 
the  quotient  expresses  the  number  of  times  the 
object  is  magnified  in  length  and  breadth.  This 
and  various  other  particulars  will  be  more  fully 
illustrated  in  the  sequel. 

In  performing  experiments  with  the  camera  ob- 
scura in  a  darkened  chamber,  it  is  requisite  that 
the  following  particulars  be  attended  to:  1.  That 
the  lens  be  well  figured,  and  free  from  any  veins 
or  blemishes  that  might  distort  the  picture.  2. 
That  it  be  placed  directly  against  the  object  whose 
image  we  wish  to  see  distinctly  delineated.  3. 
The  lens  should  be  of  a  proper  size,  both  as  to  its 
breadth  and  focal  distance.  It  should  not  be  lesa 
than  three  or  four  feet  focal  distance,  otherwise 
the  picture  will  be  too  small,  and  tlio  parts  of  ob- 
jects too  minute  to  be  distinctly  perceived;  nor 
should  it  exceed  fifteen  or  eighteen  feet,  as  in  this 
case  the  picture  will  be  faint,  and  of  course  not 
so  pleasing.  The  best  medium  as  to  focal  distance 
is  from  five  to  eight  or  ten  feet.  The  aperture, 
too,  or  breadth  of  the  glass,  should  not  be  too 
small,  otherwise  the  image  will  be  obscure,  and 
the  minute  parts  invisible  for  want  of  a  sufficient 
quantity  of  light.  A  lens  of  six  feer  focal  dis- 
tance, for  example,  will  require  an  aperture  of  at 
least  two  inches.  Lenses  of  a  shorter  focal  dis- 
tance require  less  apertures,  and  those  of  a  longer 
focal  distance  larger.  But  if  the  aperture  be  too 
large,  the  image  will  be  confused  and  indistinct, 
by  the  admission  of  too  much  light.  4.  We  should 
never  attempt  to  exhibit  the  images  of  objects, 
unless  when  the  sun  is  shining  and  strongly  illu- 
minating the  objectf  J  except  in  the  case  of  very 
near  objects  placed  in  a  good  light.  As  one  of 
the  greatest  beauties  in  the  phenomena  of  the  dark 
chamber  consists  in  the  exquisite  appearance  and 
contrast  of  light  and  shadows,  nothing  of  this 
kind  can  be  perceived  but  from  objects  directly 
illuminated  by  the  sun.  5.  A  south  window 
should  never  be  used  in  the  forenoon,  as  the  sun 
cannot  then  enlighten  the  north  side  of  an  object; 
and,  beside,  his  ravs  would  be  apt  to  shine  upon 
the  lens,  which  would  make  the  picture  appear 
\\\i\\  a  confused  luster.  An  east  window  is  best 
in  the  afternoon,  and  a  western  in  the  morning; 
but  a  north  window  is  in  most  cases  to  be  prefer- 
red, especially  in  the  forenoon,  when  the  sun  is 
shining  with  his  greatest  strength  and  splendor. 
In  general,  that  window  ought  to  be  used  which 
looks  to  the  quarter  opposite  to  that  in  which  the 
sun  is  shining. 

The  picture  should  be  received  upon  a  very 
white  surface,  as  the  finest  and  whitest  paper,  or 
a  painted  cloth,  bordered  with  black;  as  white 
bodies  reflect  most  copiously  the  incumbent  rays, 
while  black  surfaces  absorb  them.  If  the  screen 
could  be  bent  into  the  concave  segment  of  a 
sphere,  of  which  the  focal  distance  of  the  double 
convex  lens  which  is  used  is  the  radius,  the  parts 
of  the  picture  adjacent  to  the  extremities  would 
appear  most  distinct.  Sir  D.  Brewster  informs 
us  that,  having  tried  a  number  of  white  substan- 
ces of  different  degrees  of  smoothness,  and  several 
metallic  surfaces  on  which  to  receive  the  image, 
he  happened  to  receive  the  picture  on  the  silvered 
back  of  a  looking-glass,  and  was  surprised  at  the 
brilliancy  and  distinctness  with  which  external 
objects  were  represented.  To  remove  the  spheri- 
cal protuberances  of  the  tin  foil,  he  ground  the 
surface  very  carefully  with  a  bed  of  hones  which 
he  had  used  for  working  the  plane  specula  of 
Newtonian  telescopes.  By  this  operation,  which 
may  be  performed  without  injuring  the  otiier  side 
of  the  mirror,    he    obtained    a    surface   finely 
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adapted  for  the  reception  of  images.  The  minute 
parts  of  the  landscape  were  formed  witli  so  mucli 
precision,  and  the  brilliancy  of  coloring  was  so 
uncommonly  fine,  as  to  equal,  if  not  exceed,  the 
images  thai  a)-e  formed  in  the  air  by  means  of 
concave  specula. 

The  following  additional  circumstances  may 
be  stated  respecting  the  phenomena  exhibited  in 
the  dark  chamber:  A  more  critical  idea  maybe 
formed  of  any  movement  in  the  picture  here  pre- 
sented than  from  observing  the  motion  of  the 
object  itself.  For  instance,  a  man  walking  in  a 
picture  appears  to  have  an  undulating  motion,  or 
to  rise  up  and  down  every  step  he  takes,  and  the 
hands  seem  to  move  almost  exactly  like  a  pendu- 
lum; whereas  scarcely  anything  of  this  kind  is 
observed  in  the  man  himself,  as  viewed  by  the  na- 
ked eye.  Again,  if  an  object  be  placed  just  twice 
the  focal  distance  from  the  lens  without  the  room, 
the  image  will  be  formed  at  the  same  distance 
from  the  lens  within  the  room,  and,  consequently, 
will  be  equal  in  magnitude  to  the  object  itself. 
I'he  recognition  of  this  principle  may  be  of  use 
to  those  concerned  in  drawing,  and  who  may 
wish  at  any  time  to  form  a  picture  of  the  exact 
size  of  the  object.  If  the  object  be  placed  farther 
from  the  lens  than  twice  its  focal  length,  the  im- 
age will  be  less  than  the  object.  If  it  be  placed 
nearer,  the  image  will  be  greater  than  the  life. 
In  regard  to  immovable  objects,  such  as  houses, 
gardens,  trees,  &c.,  we  may  form  the  images  of 
so  many  different  sizes  by  means  of  different 
lenses,  the  shorter  focus  making  the  lesser  picture, 
and  the  longer  focal  distance  the  largest. 

The  experiments  with  the  camera  obscnra  may 
likewise  serve  to  illustrate  t.  e  nature  of  vision 
and  the  functions  of  the  human  ej-e.  The  frame 
or  socket  of  the  scioptric  ball  may  represent  the 
orbit  of  the  natural  eye.  The  ball,  which  turns 
every  way,  resembles  the  globe  of  the  eye,  mova- 
ble in  its  orbit.  The  hole  ia  the  ball  may  repre- 
sent the  pupil  of  the  eye;  the  convex  lens  cor- 
responds'to  the  crystalline  humor,  which  is  shaj^ed 
like  a  lens,  and  contributes  to  form  the  images  of 
objects  on  the  inner  part  of  the  eye.  The  dark 
chamber  itself  is  somewhat  similar  to  the  internal 
part  of  the  eye,  which  is  lined  all  around,  and  un- 
der the  retina,  with  a  meml^rane,  over  whieh  is 
spread  a  mucus  of  a  very  black  color.  The  white 
wall  or  frame  of  white  paper  to  receive  the  pic- 
ture of  objects  is  a  fair  representation  of  the  retina 
of  the  eye,  on  which  all  the  images  of  external 
objects  are  depicted.  Such  are  some  of  the  gen- 
eral points  of  resemblance  between  the  apparatus 
connected  with  the  dark  chamber  and  the  organ 
of  vision;  but  the  human  eye  is  an  organ  of  such 
exquisite  construction,  and  composed  of  such  a 
number  and  variety  of  delicate  parts,  that  it  can- 
not be  adequately  represented  by  any  artificial 
contrivance. 

The  darkened  chamber  is  frequently  exhibited 
in  a  manner  somewhat  different  from  what  we 
have  above  described,  as  in  the  following  scheme 
(fig.  38),  which  is  termed  the  revolving  camera 
obscura.  In  this  construction,  K  H  represents  a 
plane  mirror  or  metallic  reflector,  placed  at  half  a 
right  angle  to  the  convex  lens  H  I,  by  which  rays 
j)roceeding  from  objects  situated  in  the  direction 
O  are  reflected  to  the  lens,  which  forms  an  image 
of  the  objects  on  a  round  white  table  at  T,  around 
which  several  spectators  may  stand  and  view  the 
picture  as  delineated  on  a  horizontal  plane.  Tho 
reflector,  along  with  its  case,  is  capable  of  being 
turned  round  by  means  of  a  simple  apparatus 
connected  with  it,  so  as  to  take  in,  in  succession, 
all  ihe  objects   which  compose  the  surrounding 


scene.  But  as  the  image  here  is  received  en  a  flat 
surface,  the  rays,  f  m,  e  n,  will  have  to  diverge 
farther  than  the  central  rays,  rf  c;  and  K''-..'.c''-  'i.c 
representation  of  the  object  near  the  sidi%  v  v. '  '^ 
somewhat  distorted;  to  remedy  which,  t!u-  a  "«  r' 

Fig.  38. 


should  be  received  on  a  concave  surface,  as  a  6  or 
P  S.  This  is  the -general  plan  of  those  camera 
obscuras  fitted  up  in  large  wooden  tentsj  \\  Inch 
are  frequently  exhibited  in  our  large  cities,  and 
removed  occasionally  from  one  town  to  another. 
Were  an  instrument  of  this  kind  fitted  up  on  a 
small  scale,  a  hole  might  be  made  in  one  of  the 
sides,  as  at  E,  where  the  eye  could  be  ap])lied  to 
view  the  picture.  The  focal  distances  of  the 
lenses  used  in  large  instruments  of  this  kind  are 
generally  from  eight  to  twelve  feet,  in  which 
case  they  produce  a  telescopic  effect  upon  distant 
objects,  so  as  to  make  thein  appear  nearer  than 
when  viewed  with  the  naked  eye. 

The  camera  obscura  is  frequently  constructed 
in  a  portable  form,  so  as  to  be  carried  about  foi 
the  purpose  of  delineating  landscapes.  The  fol- 
lowing is  a  brief  description  of  the  instrument  in 
tliis  form;  yl  C  is  a  convex  lens,  placed  near  the 

Fig.  39. 


end  of  a  tube  or  drawer,  which  is  movable  in  the 
side  of  a  square  box,  within  which  is  a  plane 
mirror,  D  E,  reclining  backward  in  an  angle  of 
forty-five  degrees  from  the  perpendicular,  p  ti. — 
The  pencils  of  rays  flowing  from  the  object  O  B, 
and  passing  through  the  convex  lens,  instead  of 
proceeding  forward  and  forming  the  image  H  I, 
are  reflected  upward  by  the  mirror,  and  meet  in 
points,  as  F  G,  at  the  same  distance  at  which 
they  would  have  met  at  H  aud  I,  if  they  had  not 
been  intercepted  by  the  mirror.  At  F  G,  the 
image  of  the  object  O  B,  is  received  either  on  a 
piece  of  oiled  paper,  or  more  frequently  on  a 
plane  unpolished  glass,  placed  in  the  horizontal 
situation  F  G,  which  receives  the  images  of  all 
objects  opposite  to  the  lens,  and  on  which,  or  on 
an  oiled  paper  placed  upon  it,  their  outlines  may 
be  traced  by  a  pencil.  The  movable  tube  on 
which  the  lens  is  fixed  serves  to  adjust  the  focus 
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for  near  and  distant  object?,  until  their  images 
appear  distinctly  painted  on  the  horizontal  ghiss 
at  F  G.  Ttie  following  is  the  most  common 
form  of  the  hox  of  this  kind  of  camera  ohscura. 
A  is  tlie  position  of  the  lens,  B  C  the  position  of 
the  mirror,  D  the  plane  unpolished  ghiss  on  wliich 
the  images  ai-e  depicted,  G  H  a.  niovaljle  top  or 
screen  to  prevent  the  light  from  injuring  the  pic- 
ture, and  E  F  the  movable  tube. 

The  Daqiterreotype. — An  important  and  some- 
what surprising  discovery  has  lately  been  made 
ill  relation  to  the  picture  formed  by  the  cameia 
ohscura.  It  is  found  that  the  images  formed  by 
this  instrument  are  capable  of  being  incielibly  fi.xed 
on  certain  surfaces  previously  prepared  for  the 
purpose,  so  that  the  picture  is  rendered  perma- 
nent.    When  a  camera  is  presented  to  any  object 

Fig.  40. 


or  landscape  strongly  illuminated  by  the  sun,  and 
the  prepared  ground  for  receiving  the  image  is 
adjusted,  and  a  certain  time  allowed  to  elapse  until 
the  rays  of  liglit  produce  their  due  effect,  in  a  few 
minutes,  or  even  secoirds,  a  picture  of  tlie  objects 
opposite  to  the  lens  is  indelibly  impressed  upon 
the  prepared  plate,  in  all  the  accurate  proportions 
and  perspective  which  distinguish  the  images 
formed  in  a  dark  chamber,  which  representations 
may  b  ■■  hung  up  in  apartments,  along  with  other 
paintings  and  engravings,  and  will  likely  retuin 
their  beauty  and  luster  for  many  years.  Tliesi' 
are  pictures  of  nature's  own  workmanship,  fin- 
ished in  an  extremely  short  space  of  time,  and 
with  the  most  exquisite  delicacy  and  accuracy. — 
The  effect  is  evidently  owing  to  certain  chemical 
properties  in  the  rajs  of  light,  and  opens  a  new 
field  for  experiment  and  investigation  to  the  phi- 
losopher. The  only  defect  in  the  picture  is,  that 
it  is  not  colored;  but,  in  the  progress  of  experi- 
ments, on  this  subject,  it  is  not  unlikely  that  even 
this  ol)ject  may  be  accomplished,  in  wliich  case 
we  should  be  able  to  obtain  the  most  accurate 
landscapes  and  representationsof  all  objects  which 
can  possibly  be  formed.  This  art  or  discovery 
poes  by  the  name  of  the  Daguerreotype,  from  M. 
Daguerre,  a  Frenchman,  who  is  supposed  to  have 
been  the  first  discoverer,  and  who  received  a  large 
(iremium  from  the  French  government  for  disclo- 
sing the  process,  and  making  the  discovery  pub- 
lic. Several  improvements  and  modifications,  in 
reference  to  tlie  preparation  of  the  plates,  have 
been  made  since  the  discovery  was  first  announced, 
about  the  beginning  of  1H.'J9;  and  the  pictures 
formed  on  this  principle  are  frequently  distin- 
guished by  the  name  of  Photogenic  drawings,  and 
are  now  exhibited  at  most  of  our  public  scientific 
institutions. 

This  new  science  or  art  has  been  distinguished 
by  different  names.  It  was  first  called  Photogra- 
phy, from- two  Greek  words,  signifying  ri-riting  by 
Hght:  it  was  af'erward  called  the  art  ol  Photogenic 
Drawing,  or  irawing  produced  by  light.  M. 
Daguerre  gave  it   the   name    of  Heliography,  or 
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writing  hy  the  sun;  all  which  appellatives  are  do- 
rived  from  the  Greek,  and  arc  expressive,  in  some 
degree,  of  the  nature  of  the  process.  We  shall, 
however,  make  use  of  the  term  Daguerreotype, 
derived  from  the  name  of  the  inventor. 

A"s  it  does  not  fall  within  our  plan  to  give  any 
minute  descriptions  of  the  Daguerreotype  process, 
we  shall  just  give  a  few  general  hints  in  reference 
to  it,  referring  those  who  wish  for  particular  de- 
tails to  the  separate  treatises  which  have  been 
[)ublished  respecting  it.  The  first  thing  necessa- 
ry to  be  attended  to  in  this  art  is  the  preparation 
of  the  plate  on  which  the  drawing  is  to  be  made. 
The  ])late  consists  of  a  tliin  leaf  of  copper,  ])lated 
with  silver,  both  metals  togetlier  not  being  thicker 
than  a  card.  The  object  of  the  copper  is  simply 
to  support  the  silver,  which  must  be  the  purest 
that  can  be  procured.  But,  though  the  copper 
should  be  no  thicker  than  to  serve  the  purpose  of 
support,  it  is  necessary  that  it  should  be  so  thick 
as  to  prevent  the  plate  from  being  warped,  which 
would  produce  a  distortion  of  the  images  traced 
upon  it.  This  plate  must  be  polished;  and  for 
this  j)ur[)Ose  the  following  articles  are  required: 
a  vial  of  olive  oil;  some  very  fine  cotton;  pumice- 
powder  ground,  until  it  is  almost  impalpable,  and 
tied  up  in  a  piece  of  fine  muslin,  thin  enough  to 
let  tiie  powder  pass  through  without  touching  the 
plate  when  the  bag  is  shaken;  a  little  nitric  acid, 
diluted  with  sixteen  times,  by  measure,  its  own 
quantity  of  water;  a  frame  of  wire  on  which  to 
place  the  plate  when  being  heated;  a  spirit  lamp 
to  make  the  plate  hot;  a  small  bo.x,  with  inclined 
sides  within,  and  having  a  lid  to  shut  it  up  close; 
and  a  square  board  large  enough  to  hold  the  draw- 
ing, and  having  catches  at  the  side  to  keep  It 
steady. 

To  the  above  prerequisites,  a  good  camera  ob- 
sara  is,  of  course,  essentially  necessary.  This 
in.strument  should  be  large  enough  to  admit  the 
plate  of  the  largest  drawing  intended  to  be  taken. 
The  lens  wliicli  forms  the  image  of  the  object 
should,  if  possible,  be  achromatic,  and  of  a  consid- 
erable diameter.  In  an  excellent  instrument  of 
this  description  now  before  mo,  the  lens  is  an 
achromatic  about  three  inches  diameter,  but  ca- 
pable of  being  contracted  to  a  smaller  aperture. — 
Its  focal  distance  is  about  17  inches;  and  the  box, 
exclusive  of  the  tube  which  contains  the  lens,  is 
15  inches  long,  \i}4  inches  broad,  and  11  inches 
deep.  It  forms  a  beautiful  and  well-defined  pic- 
ture of  every  well  enlightened  object  to  which  it 
is  directed. 

Before  the  plate  is  placed  in  the  camera,  th^re 
are  certain  operations  to  be  performed.  1.  The 
surface  of  the  plate  should  be  made  perfectly 
smooth  or  highly  polished.  For  this  purpose  it 
must  be  laid  flat,  with  the  silver  side  upward, 
upon  several  folds  of  paper  for  a  bedding;  and 
having  been  well  polished  in  the  usual  way,  the 
surface  must  be  powdi^red  equally  and  carefully 
with  fine  pumice  inclosed  in  the  muslin  bag. — 
Then  taking  a  little  cotton  wool,  dipped  in  olive 
oil,  it  must  be  rubbed  over  the  plate  with  round- 
ing  strokes,  and  then  crossing  them  by  others 
which  commence  at  right  angles  with  the  first.— 
This  process  must  be  repeated  frequently,  chang- 
ing the  cotton,  and  renewing  the  pumice-powder 
every  time.  A  small  portion  of  cotton  must  now 
be  moistened  with  the  diluted  nitric  acid,  and 
applied  equally  to  the  whole  surface.  The  next 
thing  to  be  done  is  to  make  the  plate  thoroughly 
and  equally  hot,  by  holding  the  plate  with  a  pair 
of  pinchers  by  the  corner  over  a  charcoal  fire,  and 
when  the  plate  is  sufficiently  hot,  a  white  coating 
will  be  observed  on  the  silver,  which  indicates  that 
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that  part  of  the  operation  is  finished.  An  even 
cold  surface  is  next  wanted,  such  as  a  metallic 
plate  cooled  almost  to  the  freezinfj  point  by 
muriate  of  soda,  and  to  this  the  heated  plate  must 
bo  suddenly  transferred. 

2.  The  next  operation  is  to  give  the  plate  a  coat- 
ing of  iodine.  This  is  accomplished  by  fixing  the 
plate  upon  a  board,  and  then  putting  it  into  a  box 
containing  a  little  dish  with  iodine  divided  into 
small  pieces,  with  its  face  downward,  and  sup- 
ported with  small  brackets  at  the  corners.  In 
tills  position  the  plate  must  remain  until  it  assume 
a  full  gold  color,  through  the  condensation  of  the 
iodine  on  its  surface,  which  process  should  be  con- 
ducted in  a  darkened  apartment.  The  requisite 
time  for  the  condensation  of  the  iodine  varies  from 
five  minutes  to  half  ^n  hour.  When  this  process 
is  satisfactorily  accomplished,  the  plate  should  be 
immediately  fixed  in  a  frame  with  catches  and 
bands,  and  placed  in  the  camera;  and  the  trans- 
ference from  one  receptacle  to  another  should  be 
made  as  quickly  as  possible,  and  with  only  so 
much  light  as  will  enable  the  operator  to  see  what 
he  is  doing. 

3.  The  next  operation  is  to  obtain  the  drawing. 
Having  placed  the  camera  in  front  of  the  scene 
to  be  represented,  and  the  lens  being  adjusted  to 
the  proper  focus,  the  ground  glass  of  the  camera  is 
withdrawn,  and  the  prepared  plate  is  substituted 
for  it,  and  the  whole  is  left  until  the  natural 
images  are  drawn  by  the  natural  light  from  the 
object  The  time  necessary  to  leave  the  plate  fer 
a  complete  delineation  of  the  objects  depends  upon 
the  intensity  of  the  light.  Objects  in  the  shade 
will  require  more  time  for  their  delineation  than 
those  in  the  broad  light.  The  full,  clear  light  of 
the  south  of  Europe,  Spain,  Italy,  and  particuUirly 
the  more  glowing  brilliancy  of  tropical  countries, 
will  effect  the  object  much  more  speedily  than  the 
duller  luminosiiy  of  a  northern  clime.  Some 
hours  of  ti>e  day  are  likewise  more  favorable  tiian 
others.  Daguerre  states  that  "  the  most  favorable 
is  from  7,  a.  m.,  to  3  o'clock,  p.  m.,  and  that  a  draw- 
ing could  be  effected  in  Paris  ir»  three  or  four  mi- 
nutes in  June  and  July,  which  would  require  five 
or  six  in  May  and  August,  and  seven-  or  eight  in 
April  and  September."  In  the  progress  of  this 
art,  at  the  present  time,  portraits  and  other  objects 
are  frequently  delineated  in  the  course  of  a  few 
seconds.  4.  Immediately  after  removing  the  plate 
from  the  camera,  it  is  next  placed  over  the  vapor 
of  mercury,  which  is  placed  in  a  cup  at  the  bot- 
tom of  a  box, and  a  spirit  lamp  applied  to  its  bottom 
until  the  temperature  rise  to  140°  of  Fahrenheit. 
This  process  is  intended  to  bring  out  the  image, 
ivhich  is  not  visible  when  withdrawn  from  the 
camera;  but  in  the  cour.se  of  a  few  minutes,  a 
faint  tracery  will  begin  to  appear,  and  in  a  very 
short  time  the  figure  will  be  clearly  developed. 

5.  The  next  operation  is  to  fix  the  impression. 
In  order  to  this,  the  coating  on  which  the  design 
WEis  impressed  must  be  removed,  to  preserve  it 
from  being  decomposed  by  the  rays  of  light.  For 
this  purpose,  the  plate  is  placed  in  a  trough  con- 
taining common  water,  plunging  and  withdrawing 
it  immediatelj',  and  then  plunging  it  into  a  solu- 
tion of  salt  and  water  until  tlie  yellow  coating  has 
disappeared. 

Such  is  a  very  brief  sketch  of  the  photogenic 
processes  of  Daguerre.  Other  substances,  how- 
ever, more  easily  prepared,  have  been  recommend- 
ad  by  Mr.  Talbot,  F.R.S.,  who  appears,  about  the 
same  time  to  have  invented  a  process,  somewhat 
similar  to  that  of  Daguerre.  The  following  are 
fcis  directions  for  the  preparation  of  photogenic 
paper: 


The  paper  is  to  be  dipped  into  a  solution  of 
salt  in  water,  in  the  proportion  of  half  an  ounce 
of  salt  to  half  a  pint  of  water.  Let  the  superflu- 
ous moisture  drain  off,  and  then  laying  the  paper 
upon  a  clean  cloth,  dab  it  gently  with  a  najikin, 
so  as  to  prevent  the  salt  collecting  in  one  spot 
more  than  in  another.  The  paper  is  then  to  be 
pinned  down,  by  two  of  its  corners,  on  a  drawing 
board,  by  means  of  common  pins,  and  one  sidu 
washed  or  wetted  with  the  photogenic  fluid,  using 
the  brush  prepared  for  that  purpose,  and  taking 
care  to  distribute  it  equally.  Next,  dry  the  papei 
as  rapidly  as  you  can  at  the  fire,  and  it  will  be  fit 
for  use  for  most  purposes.  If,  when  the  paper  is 
exposed  to  the  sun's  rays,  it  should  assume  an  ir- 
regular tint,  a  very  thin  extra  wash  of  the  fluid 
will  render  the  color  uniform,  and  at  the  same 
time,  somewhat  darker.  Should  it  be  required  to 
make  a  more  sensitive  description  of  paper,  after 
the  first  application  of  the  fluid  the  solution  of 
salt  should  be  applied,  and  the  paper  dried  at  the 
fire.  Apply  a  second  wash  of  the  fluid,  and  dry 
it  at  the  fire  again:  employ  the  salt  a  third  lime, 
dry  it,  and  one  application  more  of  the  fluid  will, 
when  dried,  have  made  the  paper  extremely  sensi- 
tive. When  slips  of  such  papers,  differently  pre- 
pared, are  exposed  to  the  action  of  daylight,  those 
which  are  soonest  affected  by  the  light,  by  becom- 
ing dark,  are  the  best  prepared. 

When  photogenic  drawings  are  finished  in  a 
perfect  way,  the  designs  then  taken  on  the  plate 
or  paper  are  exceedingly  beautiful  and  correct, 
and  will  bear  to  be  inspected  with  a  considerable 
magnifying  power,  so  that  the  most  minute  por- 
tions of  the  objects  delineated  may  be  distinctly 
perceived.  We  have  seen  portraits  finished  in  this 
way  by  a  London  artist  with  an  accuracy  which 
the  best  miniature  painter  could  never  attempt, 
every  feature  being  so  distinct  as  to  bear  being 
viewed  with  a  deep  magnifier.  And  in  landscapes 
and  buildings,  such  is  the  delicacy  and  accuracy 
of  such  representations,  tliat  the  marks  of  the 
chisel  and  the  crevices  in  the  stones  may  fre- 
quently be  seen  by  applying  a  magnifying  lens  to 
the  picture;  so  that  we  may  justly  exclaim,  in  the 
words  of  the  poet,  "  Who  can  paint  like  Nature!" 
That  LIGHT — which  is  the  first-born  of  Dfity, 
which  pervades  all  space,  and  illuminates  all  worlds 
— in  the  twinkling  of  an  eye,  and  with  an  accu- 
racy which  no  art  can  imftafe,  depicts  every 
object  in  its  exact  form  and  proportions,  superior 
to  everything  that  human  genius  can  produce. 

The  photogenic  art,  in  its  i)rogress,  will  doubtless 
be  productive  of  many  highly  interestingand  bene- 
ficial effects.  It  affords  us  the  power  of  repre- 
senting, by  an  accurate  and  rapid  process,  all  the 
grand  and  beautiful  objects  connected  with  our 
globe,  tlie  landscapes  peculiar  to  every  country, 
the  lofty  ranges  of  mountains  which  distinguish 
Alpine  regions,  the  noble  edifices  which  art  ha-i 
reared,  the  monumental  remains  of  antiquity,  and 
every  other  object  which  it  would  be  interesting 
for  human  beings  to  contemplate;  so  that,  in  the 
course  of  time,  the  general  scenery  of  our  world, 
in  its  prominent  parts,  might  be  exhibited  to  al- 
most every  eye.  The  commission  of  the  Frenrh 
Chambers,  when  referring  to  this  art,  has  the  fol- 
lowing remark :  "  To  copy  the  millions  upon 
millions  of  hieroglyphics  which  cover  even  the 
exterior  of  the  great  monuments  of  Thebes  and 
Memphis,  of  Carnac,  &c.,  would  require  scores  of 
years  and  legions  of  de.'^igners.  By  the  assistance 
of  the  Daguerreotype,  a  single  man  could  finish 
that  immense  work."  This  instrument  lays  down 
objects  which  the  visual  organs  of  man  would 
overlook,  or  might  be  unable  to  perceive,  with  tlie 
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same  minuteness  and  nicety  that  it  delineates  the 
most  prominent  features  of  a  landscape.  The 
time-stained  excrescences  on  a  tree,  the  blades  of 
grass,  the  leaf  of  a  rose,  the  neglected  weed,  the 
moss  on  the  summit  of  a  lofty  tower,  and  similar 
objects,  are  traced  with  the  same  accuracy  as  the 
^rjrer  objects  in  the  si'rrounding  scene. 

It  is  not  improbabH.  likewise,  that  this  art  (still 
a  its  infancy),  when  't  approximates  to  perfection, 
may  enable  us  to  take  representations  of  the  sub- 
lime objects  in  the  heuvens.  The  sun  affords  suf- 
ficient light  for  this  purpose;  and  there  appears 
ao  insurmountable  obstacle  in  taking,  in  this  way, 
a  highly  magnified  pictuie  of  that  luminary, 
whiclj  sliall  be  capable  of  being  again  magnified 
by  a  powerful  microscope  II  is  by  no  means  im- 
probable, from  experiments  that  have  hitherto 
been  made,  thai  we  may  obtain  an  accurate  deli- 
neation of  the  lunar  world  from  the  moon  herse'lf. 
The  plated  discs  prepared  by  Daguerre  receive 
impressions  from  the  action  of  the  lunar  rays  to 
such  an  extent  as  permits  the  hope  that  photo- 
graphic charts  of  the  moon  may  soon  bo  obtained; 
and,  if  so,  they  will  excel  in  accuracy  all  the  de- 
lineations of  this  orb  that  have  hitherto  been 
obtained;  and  if  they  should  bear  a  microscopic 
power,  objects  may  be  perceived  on  the  lunar  sur- 
face which  have  hitherto  been  invisible.  Nor  is 
it  impossible  that  the  planets  Venus,  Mars,  Jupiter, 
and  Saturn  may  be  delineated  in  this  way,  and 
objects  discovered  which  cannot  be  descried  by 
means  of  the   telescope.     It  might,  perhaps,  be 


considered  as  beyond  the  bounds  of  probability  to 
expect  that  even  distant  nebulre  might  thus  be  fixed, 
and  a  delineation  of  their  objects  produced  which 
shall  be  capable  of  being  magnified  by  micro- 
scopes; but  we  ought  to  consider  that  the  art  is 
yet  only  in  its  infancy,  that  plates  of  a  more  de- 
licate nature  than  those  hitherto  used  may  yet  be 
prepared,  and  that  other  properties  of  light  may 
yet  be  discovered  which  shall  facilitate  such  de- 
signs. For  we  ought  now  to  set  no  boundaries  to 
the  discoveries  of  science,  and  to  the  practical  ap- 
plications of  scientific  discovery  which  genius  and 
art  may  accomplish. 

In  short,  this  invention  leads  to  the  conclusion 
that  we  have  not  yet  discovered  all  the  wonderful 
properties  of  that  luminous  agent  which  pervades 
the  universe,  and  which  uuvails  to  us  its  beauties 
and  sublimities;  and  that  thousands  of  admirable 
objects  and  agencies  may  yet  be  disclosed  to  our 
view  through  the  medium  of  light,  as  philosophi- 
cal investigators  advance  in  their  researches  and 
discoveries.  In  the  present  instance,  as  well  as  in 
many  others,  it  evidently  appe  trs  that  the  Creator 
intends,  in  the  course  of  his  providence,  by  means 
of  scientific  researches,  gradually  to  open  to  the 
view  of  the  inhabitants  of  our  world  the  wonders, 
the  beauties,  and  the  sublimities  of  his  vast  crea- 
tion; to  manifest  his  infinite  wisdom  and  his  su- 
perabundant goodness,  and  to  raise  our  souls  to  the 
contemplation  and  the  love  of  him  who  is  the 
original  source  of  all  that  is  glorious  and  benefi- 
cent in  the  scene  of  nature. 


CHAPTER    III. 


ON  THE  OPTICAL  ANGLE,  AND  THE  APPARENT  MAGNITUDE  OF  OBJECTS. 


Im  order  to  understand  the  principle  on  which 
telescopes  represent  distant  objects  as  magnified, 
it  may  be  expedient  to  explain  what  is  ineant  by 
the  angle  of  vision,  and  the  apparent  magnitudes 
under  which  different  objects  appear,  and  the 
same  object,  when  placed  at  different  distances. 

The  optical  angle  is  the  angle  contained  under 
two  right  lines  drawn  from  the  extreme  points  of 
an  object  to  the  eye.  Thus  A  E  B  or  C  E  D 
(fig.  40*)  is  the  optical  or  visual  angle,   or  the 

Fig.  40* 


angle  under  which  the  object  A  B  or  C  D  appears 
to  tne  eye  at  E.  These  two  objects,  being  at  dif- 
ferent distances,  are  seen  under  the  same  angle, 
although  C  D  is  evidently  larger  than  A  B.  On 
the  retina  of  the  eye,  their  images  are  exactly  of 
the  same  size,  and  so  is  the  still  larger  object  F  G. 
The  apparent  magnitude  of  objects  denotes  their 
magnitude  as  they  appear  to  us,  in  contradistinc- 
tion from  their  real  or  true  magnitude,  and  it  is 
measured  by'  the  visual  angle;  for,  whatever  ob- 
jects are  seen  under  the  same,  or  equal  angles, 
appear  equal,  however  different  their  real  magni- 
tudes.   If  a  half  crown  or  half  dollar  be  placed 


at  about  120  yards  from  the  eye,  it  is  just  per- 
ceptible as  a  visible  point,  and  its  apparent  magni- 
tude, or  the  angle  under  which  it  is  seen,  is  very 
small.  At  the  distance  of  thirty  or  forty  yards, 
its  bulk  appears  sensibly  increased,  and  we  per- 
ceive it  to  be  a  round  body;  at  the  distance  of  six 
or  eight  yards  we  can  see  the  king  or  queen's 
head  engraved  upon  it;  and  at  the  distance  of 
eight  or  ten  inches  from  the  eye  it  will  appear  so 
large  that  it  will  seem  to  cover  a  large  building 
placed  within  the  distance  of  a  quarter  of  a  mile; 
in  other  words,  the  apparent  magnitude  of  the 
half  crown,  held  at  such  a  distance,  will  more 
than  equal  that  of  such  a  building  in  the  pic- 
ture on  the  retina,  owing  to  the  increase  of 
the    optical   angle.     If  we  suppose  A    (fig.  41) 


to  represent  the  apparent  size  of  the  half  crown 
at  nine  yards'  distance,  then  we  say  it  is  seen  un- 
der the  small  angle  FED.  B  will  represent  its 
apparent  magnitude  at  4i^  yards  distant  under 
the  angle  HEG,  and  the  circle  C,  its  apparent 
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magfnitude  at  3  yards  distant,  under  the  large  an- 
gle KE  I. 

This  may  be  otherwise  illustrated  by  the  fol- 
lowing  figure:    Let  A  B   (fig.  42)  be  an  object 

Fig.  42. 


viewed  directly  by  the  eye  Q  R.  From  each  ex- 
tremity A  and  B  draw  the  lines  A  N,  B  M,  inter- 
secting each  other  in  the  crystalline  humor  in  /; 
then  \s  A  I  B  the  optical  angle  which  is  tiie  mea- 
sure of  the  apparent  magnitude  or  length  of  the 
object  A  B.  From  an  inspection  of  this  figure, 
it  will  evidently  appear  that  the  apparent  magni- 
tudes of  objects  will  vary  according  to  their  dis- 
tances. Thus  A  B,  C  D,  E  F,  the  real  magni- 
tudes of  which  are  unequal,  may  be  situated  at 
such  distances  from  the  eye  as  to  have  their  appa- 
rent magnitudes  all  equal,  and  occupying  the 
same  space  on  the  retina,  M  N,  as  here  represent- 
ed. Li  like  manner,  objects  of  equal  nugnitude, 
placed  at  unequal  distances,  will  appear  unequal. 
The  olijects  A  B  and  G  H,  which  are  equal,  be- 
ing situated  at  different  distances  from  the  eye, 
G  H  will  appear  under  the  large  angle  7"  /  F,  or 
as  large  as  an  object  T  V,  situated  at  the  same 
place  as  the  object  A  B,  while  A  B  appears  under 
the  smaller  angled  IB.  Therefore  the  object  GH 
is  apparently  ^Yd-Aiar  than  the  object  A  B,  though  it 
is  only  equal  to  it.  Hence  it  appears  that  we  liave 
no  certain  standard  of  the  true  magnitude  of  ob- 
jects by  ..our  visual  perception  abstractly  con- 
sidered, but  only  of  the  proportions  of  magnitude. 
Li  reference  to  apparent  magnitudes,  we  scarce- 
ly ever  judge  any  object  to  be  so  great  or  so  small 
as  it  appears  to  be,  or  that  there  is  so  great  a  dis- 
parity in  tl\e  visible  magnitude  of  two  equal  bo- 
dies at  different  distances  from  the  eye.  Thus, 
for  example,  suppose  two  men,  each  six  feet  three 
inches  high,  to  stand  directly  before  us,  one  at  the 
distance  of  a  pole,  or  5i^  yards,  and  the  other  at 
the  distance  of  100  poles,  or  550  yards  :  we  should 
observe  a  considerable  difference  in  their  apparent 
size,  but  we  should  scarcely  suppose,  at  first  sight, 
that  the  one  nearest  the  eye  appeared  a  hun- 
dred times  greater  than  the  otiier,  or  that,  while 
the  nearest  one  appeared  six  feet  three  inches 
liigh,  the  remote  one  appeared  only  about  three- 
fourths  of  an  inch.  Yet  such  is  Ln  reality  the 
case;  and  not  only  so,  but  the  visible  bulk  or  area 
of  the  one  is  to  that  of  the  other  as  the  square  of 
these  numbers,  namely,  as  10,000  to  1;  the  man 
nearest  us  presenting  to  the  eye  a  magnitude  or 
surface  ten  thousand  times  greater  than  that  of 
the  other.  Again,  suppose  two  chairs  standing 
in  a  large  room,  the  one  twenty-one  feet  distance 
from  us,  and  the  other  three  feet;  the  one  nearest  us 
will  appear  seven  times  larger,  both  in  length  and 
breadth,  than  the  more  distant  one,  and,  conse- 
quently, its  visible  area  forty-nine  times  greater. 
If  I  hold  up  my  finger  at  nine  inches  distance 
from  my  eye,  it  seems  to  cover  a  large  town  a 
mile  and  a  half  in  extent,  situated  at  three  miles 
distance;  consequently,  the  apparent  magnitude 
of  my  finger,  at  nine  inches  distance  from  the  or- 
gan of  vision,  is  greater  than  that  of  the  large 
town  at  three  miles  distance,  and  forms  a  larger 


picture  on  the  retina  of  the  eye.  When  I  stand 
at  the  distance  of  a  foot  from  my  window  and 
look  through  one  of  the  panes  to  a  village  less 
than  a  quarter  of  a  mile  distant,  I  see,  through 
that  pane,  nearly  the  whole  extent  of  the  village, 
comprehending  two  or  three  hundred  houses;  con- 
sequently the  apparent  magnitude  of  the  pane  ia 
equal  to  nearly  the  extent  of  the  village,  and  all 
the  buildings  it  contains  do  not  appear  larger  than 
the  pane  of  glass  in  the  window,  otherwise  the 
houses  and  other  objects  which  compose  the  vil- 
lage could  not  be  seen  through  that  single  pane. 
For,  if  we  suppose  a  line  drawn  from  one  end  of 
the  village,  passing  through  the  one  side  of  tho 
pane,  and  another  line  drawn  from  the  other  end, 
and  passing  through  the  other  side  of  the  pane  to 
the  eye,  these  lines  would  form  the  optical  angle 
under  which  the  pane  of  glass  and  the  village  ap- 
pears. If  the  pane  of  glass  be  fourteen  inches 
broad,  and  the  length  of  the  village  2640  yards,  or 
half  a  mile,  this  last  lineal  extent  is  67b8  times 
greater  than  the  other,  and  yet  they  have  the  same 
apparent  magnitude  in  the  case  sup])osed. 

Hence  we  may  learn  the  absurdity  and  futility 
of  attempting  to  describe  the  extent  of  spaces  in 
the  heavens,  by  saying  that  a  certain  phenomenon 
was  two  or  three  feet  or  yards  distant  from  an- 
other, or  that  the  tail  of  a  comet  appeared  several 
yards  in  length.  Such  representations  can  con- 
vey no  definite  ideas  in  relation  to  such  magni- 
tudes, unless  it  be  S()ecified  at  what  distance  from 
the  eye  the  foot  or  yard  is  supposed  to  be  placed. 
If  a  rod,  a  yard  in  length,  be  held  at  nine  inches 
from  the  eye,  it  will  subtend  an  angle,  or  cover  a 
space  in  the  heavens,  equal  to  more  than  one- 
fourth  of  the  circumference  of  the  sky,  or  abuut 
one  hundred  degrees.  If  it  be  eighteen  inches  from 
the  eye,  it  will  cover  a  space  equal  to  fifty  degrees; 
if  at  three  feet,  twenty-five  degrees,  and  so  on 
in  proportion  to  the  distance  from  the  eye;  »o 
that  we  can  form  no  correct  conceptions  of  ap- 
parent spaces  or  distances  in  the  heavens,  when 
we  are  merely  told  that  two  stars,  for  example, 
appear  to  be  three  yards  distant  from  each  other. 
The  only  definite  measure  we  can  use  in  such  a 
case  is  that  of  degrees.  The  sun  and  moon  aro 
about  half  a  degree  in  apparent  diameter,  and  the 
distance  between  the  extreme  stars  in  Orion''s  belt 
three  degrees,  which  measures,  being  made  fami- 
liar to  the  eye,  may  be  applied  to  other  spaces  of 
the  heavens,  and  an  approximate  idea  conveyed 
of  the  relative  distances  of  objects  in  the  sky. 

From  what  has  been  stated  above,  it  is  evident 
that  the  magnitude  of  objects  may  be  considered 
in  different  points  of  view.  The  true  dimensions 
of  an  object,  considered  in  itself,  give  what  is 
called  its  real  or  absolute  magnitude;  and  the  open- 
ing of  the  visual  angle  determines  the  apparent 
magnitude.  The  real  magnitude,  therefore,  is  a 
constant  quantity;  but  the  apparent  magnitude 
varies  continually  with  the  distance,  real  or  ima- 
ginary; and,  therefore,  if  we  always  judged  of 
the  dimensions  of  an  object  from  its  apparent 
magnitude,  everything  around  us  would,  in  this 
respect,  be  undergoing  very  sensible  variations, 
which  might  lead  us  into  strange  and  serious  mis- 
takes. A  fly,  near  enough  to  the  eye,  might  ap- 
pear under  an  angle  as  great  as  an  elephant  at 
the  distance  of  twenty  feet,  and  the  one  be  mis- 
taken for  the  other.  A  giant  eight  feet  high,  seen 
at  the  distance  of  twenty-four  feet,  would  not  ap- 
pear taller  than  a  child  two  feet  in  hight  at  the 
distance  of  six  feet;  for  both  would  be  seen  near- 
ly under  the  same  angle.  But  our  ex))eriencd 
generally  prevents  us  from  being  deceived  by  such 
illusions.     By  the  help  of  touch,  and  by  making 
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allowance  for  the  different  distances  at  which  we 
Bee  particular  objects,  we  learn  to  correct  the  ideas 
we  might  otherwise  form  from  attending  to  the 
Optical  angle  alone,  especially  in  the  case  of  ob- 
jects thut  are  near  us.  By  the  sense  of  touch  we 
acquire  an  impression  of  the  distance  of  an  ob- 
ject; tiiis  impression  combines  itself  with  that  of 
the  apparent  magnitude,  so  that  the  impression 
which  represents  to  us  the  real  magnitude  is  the 
product  of  these  two  elements.  When  the  objects, 
however,  are  at  a  great  distance,  it  is  more  diffi- 
cult to  form  a  correct  estimate  of  their  true  mag- 
nitudes. The  visual  angles  are  so  small  that  tliey 
prevent  comparison;  and  the  estimated  bulks  of 
the  objects  depend,  in  a  great  measure,  upon  the 
apparent  magnitudes;  and  thus  an  object  situated 
at  a  great  distance  appears  to  us  much  smaller 
than  it  is  in  reality.  We  also  estimate  objects  to 
be  nearer  or  farther  distant  according  as  they  are 
more  or  less  clear,  and  our  perception  of  them 
more  or  less  distinct  and  well-defined;  and  like- 
wise when  several  objects  intervene  between  us 
and  the  object  we  are  particularly  observing.  We 
make  a  sort  of  addition  of  all  the  estimated  dis- 
tances of  intermediate  objects,  in  order  to  form  a 
total  distance  of  the  remote  object,  which,  in  this 
case,  appears  to  be  farther  off  than  if  the  inter- 


vening space  were  unoccupied.  It  is  generally 
estimatecl  that  no  terrestrial  object  can  be  distinct- 
ly perceived  if  the  visual  angle  it  subtends  be  less 
than  one  minute  of  a  Jeyree,  and  that  most  objects 
become  indistinct  when  tiie  angle  they  subtend 
at  llie  pupil  of  the  eye  is  less  than  six  minutes. 

We  have  deemed  it  expedient  to  introduce  the 
above  remarks  on  the  apparent  magnitude  of  ob- 
jects, because  the  principal  use  of  a  telescope  is 
to  increase  the  angle  of  vii-ion,  or  to  represent  ob- 
jects under  a  larger  angle  than  tliat  under  which 
they  appear  to  the  naked  eye,  so  as  to  render  the 
view  of  distant  objects  more  distinct,  and  to  ex- 
hibit to  the  organ  of  vision  those  objects  which 
would  otherwise  be  invisible.  A  telescope  may 
be  said  to  enlarge  an  object  just  as  many  limes  as 
the  angle  under  which  the  instrument  represents 
it  is  greater  than  that  under  wiiich  it  appears  to 
the  unassisted  eye.  Thus  the  moon  apj)eais  to 
the  naked  eye  under  an  angle  of  about  half  a  de- 
gree; consequently,  a  telescope  magnifies  60  times 
if  it  represents  that  orb  under  an  angle  of  30  de- 
grees; and  if  it  magnified  IbO  times,  it  would  ex- 
hibit the  moon  under  an  angle  of  90  degrees, 
which  would  make  her  appear  to  fill  half  of  the 
visible  heavens,  or  the  space  which  interveuea 
from  the  horizon  to  the  zenith. 


CHAPTER    IV. 


ON  THE  DIFFERENT  KINDS  OF  REFRACTING  TELESCOPES. 


There  are  two  kinds  of  telescopes,  correspond- 
Jng  to  two  modes  of  vision,  namely,  those  which 
perform  their  office  by  refraction  through  lenses, 
and  those  which  magnify  distant  objects  by  re-. 
Jlection  from  mirrors.  The  telescope  which  is 
constructed  with  lenses  produces  its  effects  solely 
by  refracted  light,  and  is  called  a  Dioptric,  or  re- 
fracting telescope.  The  other  kind  of  telescope 
produces  its  effects  partly  by  reflection,  and  part- 
ly by  refraction,  and  is  composed  both  of  mirrors 
and  lenses  ;  but  the  mirrors  form  the  principal 
part  of  the  telescope,  and  therefore  such  instru- 
ments are  denominated  reflecting  telescopes.  In 
this  chapter  I  shall  describe  the  various  kinds  of 
refracting  telescopes. 


SECTION  I. 

The  Galilean  telescope. 

This  telescope  is  named  after  the  celebrated 
Galileo,  who  first  constructed,  and  probably  in- 
vented it  in  the  year  1609.  It  consists  of  only 
two  glasses,  a  convex  glass  next  the  object,  and  a 
concave  next  the  eye.  The  convex  is  called  the 
object-glass,  and  the  concave,  to  which  the  eye  is 
applied,  is  called  the  eye-glass.  Let  C  (fig.  4.3) 
represent  the  convex  object-glass,   presented    to 


Fig.  43. 


any  object  in  the  direction  D  E  I,  so  that  the 
rays  fall  parallel  upon  it;  if  these  rays,  after  pass- 
ing through  it,  were  not  intercepted  by  the  con- 
cave lens  K,  they  would  pass  on,  and  cross  epch 


other  in  the  focus  F,  where  an  inverted  image  of 
the  object  would  be  formed.  But  the  concave  lens 
K,  the  virtual  focus  of  which  is  at  jP,  being  inter- 
posed, the  rays  are  not  suffered  to  converge  to 
that  point,  but  are  made  less  convergent,*  and 
enter  the  pupil  almost  parallel,  as  G  //,  and  are 
converged  by  the  humors  of  the  eye  to  their  pro- 
per foci  on  the  retina.  The  object,  through  this 
telescope,  is  seen  upright,  or  in  its  natural  posi- 
tion, because  the  rays  are  not  suffered  to  come  to 
a  focus,  so  as  to  form  an  inverted  picture.  The 
concave  eyeglass  is  placed  as  far  v/ithin  the  focus 
of  the  object-glass  as  is  equal  to  its  own  virtual 
focus;  and  the  magnifying  power  is  ar>  the  focal 
length  of  the  object-glass  to  that  of  the  eyeglass, 
that  is,  as  C  F  to  B  F.  Thus,  suppose  the  focus 
of  the  object-glass  to  be  ten  inches,  and  the  focns 
of  the  eyeglass  to  be  one  inch,  the  magnifying 
power  will  be  ten  times,  which  is  always  found 
by  dividing  the  focal  length  of  the  object-glass  by 
that  of  the  eyeglass.  The  interval  between  the 
two  glasses,  in  this  case,  will  be  nine  inches, 
which  is  the  length  of  the  telescope,  and  the  ob- 
jects seen  through  it  will  appear  un  ler  an  angle 
ten  times  greater  than  they  do  to  the  naked  eye. 
These  propositions  might  be  proved  matliemati- 
cally;  but  the  process  is  somewhat  tedious  and 
intricate,  and  might  not  fully  be  understood  by 
general  readers.  I  shall  therefore  only  mention 
some  of  the  general  properties  of  this  telescope, 
which  is  now  seldom  used,  except  for  the  purpose 
of  opera-glasses. 

1.  The  focal  distance  of  the  object-glass  must 
be  greater  than  that  of  the  ey>^glass,  otherwise  it 
would  not  magnify  an  object;  if  the  focal  dis- 
tance of  the  eyeglass  were  greater  than  that  of 


*  It  is  one  of  the  properties  of  concave  lenses  to  rendet 
convergent  rays  less  convergent,  an.t  when  placed  as  hero 
supposed,  to  render  them  parallel;  and  it  is  parallel  ray« 
that  produce  distinct  vision. 
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the  object-glass,  it  would  diminish  objects  instead 
of  magnifying  them.  2  The  visible  area  of  tl)e 
object  is  greater,  the  nearer  the  eye  is  to  the  glass; 
and  it  depends  on  the  diameter  of  the  pupil  of  the 
eye,  and  on  the  breadth  of  the  object-glass;  con- 
sequently, the  field  of  view  in  tliis  telescope  is 
very  small.  3.  The  distinctness  of  vision  in  this 
construction  of  a  telescope  exceeds  that  of  almost 
any  other.  This  arises  from  the  rays  of  light  pro- 
ceeding from  the  object  directly  through  the  lenses, 
without  crossing  or  intersecting  each  olher;  wliere- 
as,  iu  the  combination  of  convex  lenses,  they  in- 
tersect one  another  to  form  an  image  in  the  focus 
of  the  object-glass,  and  this  image  is  magniired  by 
the  eyeglass  with  all  its  imperfections  and  distor- 
tions. The  tliinness  of  the  center  of  the  concave 
lens  also  contributes  to  distinctness.  4.  Although 
the  field  of  view  in  this  telescope  is  very  small, 
yet,  where  no  other  telescope  can  be  procured,  it 
might  be  made  of  such  a  length  as  to  show  the 
spots  on  the  sun,  the  crescent  of  Venus,  the  satel- 
lites of  Jupiter,  and  the  ring  of  Saturn  ;  and,  re- 
quiring only  two  glasses,  it  is  the  cheapest  of  all 
telescopes.  It  has  been  found  that  an  object-lens 
five  feet  focal  distance  will  bear  a  concave  eyeglass 
of  only  one  inch  focal  distance,  and  will  conse- 
quently magnify  the  diameters  of  the  planets  sixty 
times,  and  their  surfaces  3600  times,  which  is 
sufficient  to  show  the  phenomena  now  stated. 
And,  although  only  a  small  portion  of  the  sun  and 
moon  can  be  seen  at  once,  yet  Jupiter  and  all  his 
satellites  may  sometimes  be  seen  at  one  view;  but 
there  is  some  difficulty  in  finding  objects  with 
such  telescopes.  5.  Opera-glasses,  which  are  al- 
ways of  this  construction,  have  the  object-lens 
generally  about  six  inches  focus  and  one  incli  di- 
ameter, with  a  concave  eyeglass  of  about  two 
inches  focus.  These  glasses  magnify  about  three 
times  in  diameter,  have  a  pretty  large  field,  and 
produce  very  distinct  vision.  When  adjusted  to 
the  eye  they  are  about  four  inches  in  length.  To 
the  object-end  of  an  opera-glass  there  is  some- 
times attached  a  plane  mirror,  placed  at  an  angle 
of  forty-five  degrees,  for  the  purpose  of  viewing 
objects  on  either  side  of  us.  By  this  means,  in  a 
theater  or  assembly,  we  can  take  a  view  of  any 
person  without  his  having  the  least  suspicion  of  it, 
as  the  glass  is  directed  in  quite  a  different  direc- 
tion. The  instrument  with  this  appendage  is 
sometimes  called  a  Poletnoscops. 


SECTION     II. 

The  common  astronomical  refracting  tele- 
scope. 

The  astronomical  telescope  is  the  most  sim  pie 
construction  of  a  telescope,  comjjosed  of  convex 
lenses  only,  of  which  there  are  but  two  essentially 
necessary,  though  a  third  is  sometimes  added  to 
the  eyepiece  for  the  purpose  of  enlarging  the  field 
of  view.  Its  construction  will  be  easily  under- 
stood from  a  description  of  the  following  figure  : 
Its  two  essential  parts  are  an  object-glass.  A  D, 
and  an  eyeglass  E  Y,  so  combined  in  a  tube  that 
the  focus  F  of  the  object-glass  is  exactly  coinci- 
dent with  the  focus  of  the  eyeglass.  Let  O  B 
(fig.  44)  represent  a  distinct  object,  from  which 
rays  nearly  parallel  proceed  to  the  object-lens 
A  D.     The  rays  passing  through  this  lens    0 

will  cross  at  F,  and  form  an  image  of  the   s 

object  at  I  M.     This  image  forms,  as  it   , 
were,  an  object  to  the  eyeglass  £  Y,  which   q"''''^ 
18  of  a  short  focal  distance,  and  the  eye  is 


!  thus  enabled  to  contemplate  the  object  as  if  it  were 
brought  much  nearer  than  it  is  in  reality  ;  for  the 
rays,  which,  after  crossing,  proceed  in  a  divergent 
state,  fall  upon  the  lens  £  Y"  as  if  they  proceeded 
from  a  real  object  situated  at  F.  Ail  that  is  ef- 
fected, therefore,  by  such  a  telescope  is  to  form  aa 
image  of  a  distant  object  by  means  of  the  object- 
lens,  and  then  to  give  the  eye  such  assistance  as  is 
necessary  for  viewing  that  image  as  near  as  possi- 
ble, so  that  the  angle  it  shall  subtend  at  the  eyesliuU 
be  very  large  compared  with  the  angle  which  tho 
object  itself  would  subtend  in  the  same  situation. 
Here  it  may  be  expedient  to  explain,  1.  How 
this  arrangement  of  glasses  shows  distant  ob,ects 
distinctly;  and  2.  The  reason  why  objects  appear 
magnified  when  seen  through  it.  As  to  the  lirst 
particular,  it  may  be  proved  as  follows:  The  rays 
O  A  and  B  D,  which  are  parallel  before  they  fall 
upon  the  object-glass,  are  by  this  glass  refracted 
and  united  at  its  focus.  In  order,  then,  totiistiiict 
vision,  the  eyeglass  must  re-establish  the  parallel- 
ism of  the  rays,  which  is  effected  by  plexing  the 
eyeglass  so  that  its  focus  may  be  at  F,  and,  con- 
sequently, the  rays  will  proceed  from  it  i)arallel 
to  each  other,  and  fall  upon  the  eye  in  that  direc- 
tion; for  distinct  vision  is  produced  by  parallel 
rays.  2.  The  reason  vv'hy  the  object  appears  mag- 
nified will  appear,  if  we  consider  that,  if  the  eye 
viewed  the  object  from  the  center  of  the  object 
glass,  it  would  see  it  under  the  angle  O  C  B;  let 
O  C  and  B  C  then  be  produced  to  the  focus  of  the 
glass,  they  will  then  limit  the  image,  /  M,  formed 
in  the  focus.  If,  then,  two  parallel  rays  ore  sup- 
posed to  proceed  to  the  eyeglass  E  Y,  they  will 
be  converged  to  its  focus  H,  and  the  eye  will  see 
the  image  under  the  angle  E  H  Y.  The  apparent 
magnitude  of  the  object,  therefore,  as  seen  by  th.e 
naked  eye,  is  to  the  magnitude  of  the  image  as 
seen  through  the  telescope,  as  O  C  B  to  E  H  Y, 
or  as  the  distance  C  F  to  the  distance  F  G;  in 
other  words,  as  the  focal  length  of  the  object-glass 
to  that  of  the  eyeglass. 

It  is  obvious  from  the  figure,  that,  through  this 
telescope,  all  objects  will  appear  inverted;  since 
the  object  O  B  \s  depicted  by  the  object-glass  iu 
an  inverted  posifion  at  I  M,  and  in  this  position 
is  viewed  by  the  eyeglass  E  Y ;  and,  therefore, 
this  kind  of  telescope  is  not  well  adapti'd  for  view- 
ing terrestrial  objects,  since  it  exhibits  the  tops 
of  trees,  houses,  and  other  objects  as  undermost, 
and  the  heads  of  people  as  pointing  downward. 
But  this  circumstance  is  of  no  consequence  with 
respect  to  the  heavenly  bodies,  since  they  are 
round,  and  it  can  make  little  difference  to  an  ob- 
server which  side  of  a  globular  body  appears  up- 
permost or  undermost.  All  astronomical  refract- 
ing telescopes  invert  objects;  but  they  are  pre- 
ferred to  any  other  telescopes,  because  they  have 
few  glasses,  and,  consequently,  more  light.  Tiiia 
telescope,  however,  can  be  transformed  into  a 
common  day  telescope  for  land  objects  by  the  ad- 
dition of  two  other  eyeglasses,  as  we  sliall  after- 
ward explain;  but  in  this  case  a  quantity  of  light 
is  lost  by  refraction  at  each  lens,  for  there  is 
scarcely  any  transparent  substance  that  transmits 
all  the  rays  of  light  that  fall  upon  it. 

The  magnifijinq  poirer  of  this  telescope  is  found 
by  dividing  the  focal  distance  of  the  object-glass  by 
the  focal  distance  of  the  eyeglass;    the  quotient 


Fig.  44. 
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gives  the  magnifying  power,  or  the  number  of 
times  that  the  object  seen  through  the  telescope 
appears  larger  or  nearer  than  to  the  naked  eye. 
Thus,  for  example,  if  the  focal  distance  of  the  ob- 
ject-glass be  28  inches,  and  the  focal  distance  of 
tlia  eyeglass  1  inch,  the  magnifying  power  will 
be  28  times.  If  we  would  enlarge  the  telescope, 
and  select  an  objer;t-glass  10  feet,  or  120  inches 
focus,  an  eyt^glass  of  2  inches  focal  length  niiglit 
be  applied,  and  then  the  diameter  of  objects  would 
be  magnified  60  times,  and  their  surfaces  SGOO 
times.  If  we  would  use  an  object-glass  of  KJO 
feet,  it  would  be  necessary  to  select  an  eyeglass 
about  6  inches  focus,  and  the  magnifying  power 
would  be  200  times,  equal  to  1200  inclies  divided 
by  6.  Since,  tlien,  the  power  of  magnifying  de- 
pends on  the  proportion  of  the  focal  length  of 
the  object  and  eyeglasses,  and  this  proportion  may 
be  varied  to  any  degree,  it  may  seem  strange  to 
some  that  a  short  telescope  of  this  kind  will  not 
answer  that  purpose  as  well  as  a  long  one.  For 
instance,  it  may  be  asked  why  an  object  glass  of 
10  feet  focus  may  not  be  made  to  magnify  as  much 
as  one  of  100  feet  focal  length,  by  using  an  eye- 
glass of  half  an  inch  locus,  in  which  case  the 
magnifying  power  would  be  210  limes?  But  it  is 
to  be  considered  that,  if  the  power  of  magnifying 
be  increased  while  the  length  of  the  telescope  re- 
mains the  same,  it  is  necessary  to  diminish  the 
focal  length  of  the  eyeglass  in  the  same  propor- 
tion, and  this  cannot  he  done,  on  account  of  the 
great  distortion  and  coloring  which  would  then 
appear  in  the  image,  arising  both  from  the  deep 
conve.vity  of  the  lens  and  the  different  refrangi- 
bility  of  the  rays  of  light.  It  is  found  that  the 
length  of  common  refracting  telescopes  must  be 
increased  in  proportion  to  the  square  of  the  in- 
crease of  their  magnifying  power;  so  that,  in  or- 
der to  magnify  twice  as  much  as  before  with  the 
same  light  and  distinctness,  the  telescope  must  be 
lengthened  four  times;  to  magnify  3  times  as 
much,  9  times;  and  to  magnify  4  times  as  much, 
16  times;  that  is — suppose  a  telescope  of  3  feet 
to  magnify  33  times — in  order  to  procure  a  power 
four  times  as  great,  or  132  times,  we  must  extend 
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the  telescope  to  the  length  of  48  feet,  or  16  times 
the  length  of  the  other.     Much,  likewise,  depends 


upon  the  breadth  or  aperture  of  the  object-glass. 
If  it  be  too  small,  there  will  not  be  sufficient  light 
to  illuminate  the  object;  and  if  it  be  too  large, 
the  redundance  of  light  will  produce  confusion  iu 
the  image. 

The  foregoing  table,  constructed  originally  by 
Huygens,  and  which  I  have  recalculated  and  cor- 
rected, shows  the  linear  aperture,  the  focal  dis- 
tance of  the  eyeglass,  and  the  magnifying  power 
of  astronomical  telescopes  of  diflerent  lengths, 
which  may  serve  as  a  guide  to  those  who  wisii  to 
construct  telescopes  of  this  description. 

In  the  above  table  the  first  column  expresses 
the  focal  length  of  the  object-glass  in  feet,  the 
second  column  the  diameter  of  the  aperture*  of 
the  object-glass,  the  third  column  the  focal  dis- 
tance of  the  eyeglass,  and  the  fourth  the  magni- 
fying power,  which  is  found  by  redacing  the  feet 
in  the  first  column  to  inches,  and  dividing  by  the 
numbers  in  the  third  column.  From  tiiis  table 
it  appears  that,  in  order  to  obtain  a  magnifying 
power  (^f  168  times  by  this  kind  of  telescope,  it 
is  requisite  to  have  an  object-glass  of  70  feet  focal 
distance,  and  an  eyeglass  five  inches  focus,  and 
that  the  aperture  of  the  object-glass  ought  not  to 
be  more  flian  about  4J.o  inches  diameter.  To  ob- 
tain a  power  of  220  times  requires  a  length  of 
120  feet. 

The  following  isa  summary  view  of  the  pro- 
perties of  this  telescope:  1.  The  object  is  always 
inverted.  2.  The  magnifying  power  is  always  in 
the  proportion  of  the  focal  distance  of  the  object- 
glass  to  the  eyeglass.  3.  As  the  rays  emerging 
from  the  eyeglass  should  be  rendered  parallel  for 
every  eye,  there  is  a  small  sliding  tube  next  the 
eye,  which  should  be  pushed  out  or  in  until  the 
object  appears  distinct.  When  objects  are  pretty 
near,  tliis  tube  requires  to  be  pulled  out  a  little^ 
These  circumstances  require  to  be  attended  to  in 
all  telescopes.  4.  The  apparent  magnitude  of  an 
object  is  the  same  wherever  the  eye  be  placed,  but 
the  visible  area,  or  field  of  view,  is  the  greatest 
when  the  eye  is  nearly  at  the  focal  distance  of  the 
eyeglass.  5.  The  visual  angle  depends  on  the 
breadth  of  the  eyeglass,  for  it  is  equal  to  the  an- 
gle which  the  eyeglass  subtends  at  the  object- 
glass;  but  the  breadth  of  the  eyeglass  cannot  bo 
increased  beyond  a  certain  limit  without  produ- 
cing coloring  and  distortion. 

If  the  general  principles  on  which  this  tele- 
scope is  constructed  be  thoroughly  understood,  it 
will  be  quite  easy  for  the  reader  to  understand 
the  construction  of  all  the  other  kinds  of  tele- 
scopes, whether  refracting  or  reflecting.  A  small 
astronomical  telescope  can  be  constructed  in  a 
few  moments,  provided  one  has  at  hand  the  fol- 
lowing lenses:  1.  A  common  reading-glass,  eight 
or  ten  inches  focal  distance:  2.  A  common  mag- 
nifying lens,  such  as  watchmakers  or  botanists 
use,  of  about  1%  or  2  inches  focus.  Hold  the 
reading-glass — suppose  of  ten  inches  focus — in 
the  left  hand  opposite  any  object,  and  the  magni- 
fying lens  of  two  inches  focus  in  the  right  hand 
near  the  eye,  at  twelve  inches  distance  from  the 
other  in  a  direct  line,  and  a  telescope  is  formed 
which  magnifies  five  times.  I  have  frequently 
used  this  plan,  when  traveling,  when  no  other  tel 
escope  was  at  hand. 


•  The  word  aperture,  as  applied  to  object-glasses,  signi- 
fies the  opening  to  let  in  the  light,  or  that  part  of  the  object- 
glass  which  is  left  uncovered.  An  object-glass  may  be  3 
inches  in  diameter,  but  if  one  inch  of  this  diameter  kecOT. 
ered,  its  aperture  is  said  to  be  only  2  inchei. 
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SECTION    III. 
The    aerial   telescope. 


Thb  aerial  is  a  refracting  telescope  of  the  kind 
we  have  now  described,  intended  to  be  used  with- 
out a  tube  in  a  dark  nigiit;  for  the  use  of  a  tube 
is  not  only  to  direct  tlie  glasses,  but  to  make  the 
place  dark  where  the  images  are  formed.  It  ap- 
pears, from  the  preceding  table,  that  we  cannot 
obtain  a  high  magnifying  power  with  the  coni- 
-mon  astronomical  telescope  without  making  it  of 
an  extreme  length,  in  which  case  the  glasses  are 
not  manageable  in  tubes — whicii  arc  either  too 
Blight  and  apt  to  bend,  or  too  heavy  and  unwieldy 
if  made  of  wood,  iron,  or  otiier  strong  materials. 
The  astronomers  of  tlie  seventeenth  century, 
feeling  some  inconveniences  in  making  celestial 
observations  with  long  tubes,  contiived  a  method 
of  using  the  glasses  without  tubes.  Hartsocker,  an 
eminent  optician,  contrived  to  fix  them  at  the  top 
of  a  tree,  a  high  wall,  or  the  roof  of  a  house;  but 
the  celebrated  Huygens,  who  was  not  only  an 
astronomer,  but  also  an  excellent  mechanic,  made 
considerable  improvements  in  the  method  of  using 
an  object-glass  without  a  tube.  He  placed  it  at 
the  top  of  a  very  long  pole,  having  previously  in- 
closed it  in  a  short  tube,  which  was  made  to  turn 
in  all  directions  by  means  of  a  ball  and  socket. — 
The  axis  of  this  tube  he  could  command  with  a 
fine  silken  string,  so  as  to  bring  it  into  a  line  with 
the  axis  of  another  short  tube  whicli  he  held  in 
bis  hand,  and  which  contained   the  eyeglass. —  j 

Fig.  45. 


The  following  is  a  more  particular  description  of 
one  of  these  telescopes  :  On  the  top  of  a  long 
pole  or  mast  a  6  (fig-  45"),  is  fixed  a  board  mova- 
ble up  and  down  in  the  channel  c  r] ;  e  is  a  per- 
pendicular arm  fixed  to  it,  and //is  a  transverse 
board  that  supports  the  object-glass  inclosed  in 
the  tube  i,  which  is  raised  or  lowered  by  means 
of  the  silk  cord  r  I;  g  g  is  an  endless  rope  with  a 
weight  h,  by  which  the  apparatus  of  the  object- 
glass  is  counterpoised;  k  I  \s  ^  stick  fastened  to 
the  tube  t;  m  the  ball  and  socket,  by  means  of 
which  the  object-glass  is  movable  every  way;  and, 


to  keep  it  steady,  there  is  a  weight,  n,  suspended 
by  a  wire;  /  is  a  s'.iort  wire  to  which  the  thread 
r  /  is  tied;  o  is  the  tube  which  holds  the  eyeglass; 
q  the  stick  fixed  to  this  tube,  s  a  leaden  bullct/and 
t  a  spool  to  wind  the  thread  on;  u  is  pins  for  the 
thread  to  pass  through;  x  the  rest  for  the  observer 
to  lean  upon,  and  y  the  lantern.  Fig.  4(i  is  an 
apparatus  contrived  by  M.dela  Hire  for  managing 
the  object-glass,  but  which  it  would  be  too  tedious 
particularly  to  describe.  To  keep  off  (lie.  dew 
from  tiie  object-glass,  it  was  sometimes  included 
in  a  pasteboard  tube,  made  of  spongy  paper,  to 
absorb  the  humidity  of  the  air.  And,  to  fi:;d  an 
object  more  readily,  a  broad  annulus  of  while 
pasteboard  was  put  over  the  tube  that  carried  the 
eyeglass,  upon  which  the  image  of  the  oliject  be- 
ing painted,  an  assistant  who  perceived  it  might 
direct  the  tube  of  the  eyeglass  into  its  place. 

Such  was  the  construction  of  the  telescopes 
with  which  Hevelius,  Huygens,  Cassini,and  other 
eminent  astronomers  of  the  seventeenth  century 
made  their  principal  discoveries.  With  such  tele- 
scopes Huygens  discovered  the  fourth  satellite  of 
Saturn,  and  determined  that  this  planet  was  sur- 
rounded with  a  ring;  and  with  the  same  kind  of 
instrument  Cassini  detected  the  first,  second,  third, 
and  fifth  satellites  of  Saturn,  and  made  his  other 
discoveries.  When  the  night  v/as  very  dark,  they 
were  obliged  to  make  the  object-glass  visible  by 
means  of  a  lantern  so  constructed  as  to  throw 
the  rays  of  light  up  to  it  in  a  parallel  lirection. 
— In  making  such  observations  they  must 
have  taken  incredible  Dains,  endured 
much  cold  and  fatigue  and  subjected 
themselves  to  very  great  labor  and  ex- 
pense— which  almost  makes  us  wonder 
at  the  discoveries  they  were  instrumen- 
tal in  bringing  to  light — and  should 
make  modern  philosophers  sensible  of 
the  obligations  they  are  under  to  such 
men  as  Newton  and  Dollond,  'hrough 
whose  inventions  such  unwieldy  instru- 
ments are  no  longer  necessary.  Tele- 
scopes of  the  description  now  stated 
were  made  of  all  sizes,  from  30  to  above 
120  feet  in  length.  Divini  at  Rome,  and 
Campani  at  Bologna,  were  famed  as  ma- 
kers of  the  object-glasses  of  tln^  long 
focal  distance  to  which  we  have  alluded, 
who  sold  them  for  a  great  price,  and  took 
every  method  to  keep  the  art  of  making 
them  a  secret.  It  was  with  telescopes 
made  by  Campani  that  Cassini  made  his 
discoveries.  They  were  made  by  the  ex- 
press order  of  Louis  XIV,  and  were  of 
bb,  100,  and  lo6  Paris  feet  in  focal 
length.  M.  Azout  made  one  object- 
glass  of  600  feet  focus;  but  he  was  never 
able  to  manage  it  so  as  to  make  any 
practical  observations  Vi'ith  it.  Hart- 
socker is  said  to  have  made  some  of  a 
still  greater  focal  length.  The  famous 
aerial  telescope  of  Huygens  was  123 
feet  in  focal  length,  with  six  inches  of 
aperture.  At  his  death  he  bequeathed  it  to  the 
Royal  Society  of  London,  in  whose  possession  it 
still  remains.  It  required  a  pole  of  more  than  a 
hundred  feet  high  on  which  to  place  the  object- 
glass  for  o-»neral  observations.  It  wp.s  with  this 
glass  that'^Dr.  Derham  made  the  observations  to 
which  he  alludes  in  his  preface  to  his  '•  Aslro- 
Theologv."  When  this  glass  was  in  the  posses- 
sion of  Mr.  Cavendish,  it  was  compared  with  one 
of  Mr.  Dollond's  forty-six  inch  tr.ble  object-glass 
achromatics,  and  the  gentlemen  who  were  present 
at  the  trial,  said  that  "  the  Dwarf  was  fairly  a 
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mafcli  for  the  Giant."  It  magnified  218  times, 
and  the  trouble  of  managing  it  was  said  to  be  ex- 
tremely tiresome  and  laborious. 


The 


SECTION    IV. 

[ON  REFRACTING  TELESCOPE  FOR  TER- 
RESTRIAL OBJECTS. 

This  felcscope  is  constructed  on  the  same  prin- 
ciple  u!r-    tlie  astronomical   telescope   already  de- 
scribed, with  the  addition  of  two  or  three  glasses. 
In  fig.  47,  O  B  represents  a  distant  object,  L  N 
the    objVct-glass,   which    forms  the    image   /  M 
in  its   focus,  which  is,  of  course,    in    an 
inverted  position,  and,  if  tlie  eye  were  ap- 
plied to   the   lens  E  E,  the  object  would 
appear  exactly  as  through   the  astronomi-    Gr 

cal  telescojje,  every  object  being  apparently i 

turned  upside  down.  To  remedy  this  incon-  l-||.'  T. 
venience,  there  are  added  two  other  glas.ses,  V""'^' 
E  F  and  G  G,  by  which  a  second  image  is  G 
formed  from  the  first,  in  the  same  position 
as  the  object.  In  order  to  efTect  this,  the  first  of 
these  two  glasses,  namely,  F  F,  is  placed  at  twice 
its  focal  distance  from  the  former  glass,  E  E,  and 
the  other  lens,  G  G,  next  the  eye,  is  placed  at  the 
same  distance  from  F  F;  for  all  the  three  glasses 
are  supposed  to  be  of  the  same  focal  distance. — 
Now  the  lens  F  F,  being  placed  at  twice  the  focal 
distance  for  'parallel  rays  from  E  E,  receives  the 
pencils  of  parallel  rays  after  they  have  crossed 
each  other  at  A',  and  forms  an  image  at  i  m  simi- 
lar to  that  at  /  M,  and  equal  to  it,  but  contrary 
in  position,  and  consequently  erect;  which  last 
image  is  viewed  by  the  lens  G  G,  in  the  same 
manner  as  the  first  image,  /  M,  would  be  viewed 
by  the  lens  E  E.  In  this  case  the  image  /  M  is 
considered  as  an  object  to  the  lens  F  F,  of  which 
it  forms  a  picture  in  its  focus,  in  a  reverse  posi- 
tion from  that  of  the  first  image,  and,  of  course, 
iu  the  same  position  as  the  object. 

The  magnifying  power  of  this  telescope  is  de- 
termined precisely  in  the  same  way  as  that  of  the 
astronomical  telescope.  Suppose  the  object-glass 
to  be  thirty  inches  focal  distance,  and  each  of  the 
eye-glasses  l^o  inch  focal  distance,  the  magnify- 
ing power  is  in  the  proportion  of  30  to  l^-^.  or  20 
times,  and  the  instrument  is,  of  course,  considera- 
bly longer  than  an  astronomical  telescope  of  the 
same  power.  The  distance,  in  this  case,  betweeen 
the  object-glass  and  the  first  eyeglass,  E  E,  is 
31)2  inches;  the  distance  between  E  E  and  the 
second  glass,  F  F,  is  3  inches,  and  the  distance 
between  F  F  and  the  glass  G  G,  next  the  eye,  3 
inches;  in  all,  37)^  inches,  the  whole  length  of 
the  telescope.  Although  it  is  usual  to  make  use 
of  three  eyeglasses  in  this  telescope,  yet  two  will 
cause  the  object  to  appear  erect,  and  of  the  sam^e 
magnitude.  For,  suppose  the  middle  lens,  F  F, 
taken  away,  if  the  first  lens,  E  E,  be  placed  at  A", 
which  is  double  its  focal  distance  from  the  irn;ige, 
/  M,  it  will,  at  the  same  distance,  A  m,  on  the 
other  side,  form  a  secondary  image,  i  m,  equal  to 
the  primary  Image  I  M,  and  also  in  a  contrary 
position.  But  such  a  combination  of  eyeglasses 
produces  a  great  degree  of  coloring  in  the  image, 
and  therefore  is  seldom  used.  Even  the  com- 
bination now  described,  consisting  of  three  lenses 
of  equal  focal  distances,  is  now  almost  obsolete, 
and  has  given  place  to  a  much  better  arrangement, 
consistiiii  o(  four  glasses  of  different  focal  dis- 
tances, which  shall  be  afterward  described. 

The  following  figures,  48,  49,  50,  represent  the 


manner  in  which  the  rays  of  light  are  refracted 
through  the  glasses  of  the  telescopes  we  have  now 
described.  Fig.  48  represents  the  rav  of  light  as 
they  pass  from  the  object  to  the  eye  in  the  Gali- 
lean telescope.  After  passing  in  a  parallel  direc- 
tion to  the  object-glass,  they  are  refracted  by  that 
glass,  and  undergo  a  slight  convergence  in  passing 
toward  the  concave  eyeglass,  where  they  enter  the 
eye  in  a  parallel  direction,  but  no  image  is  formed 
previous  to  their  entering  the  eye  until  they  ar- 
rive at  the  retina.  Fig.  49  represents  the  rays  as 
the}'  pass  through  the  glasses  of  the  astrono- 
mical telescope.  The  rays,  after  entering  the  ob- 
ject-glass, proceed  in  a  converging  direction  until 
they  arrive  at  its  focus  about  A,  whf>re  an  image 
of  the  object  is  formed;  they  then  proceed  diverg- 

Fig.  47. 
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ing  to  the  eyeglass,  where  they  are  rendered  par- 
allel, and  enter  the  eye  in  that  direction.  Fig.  56 
represents  the  rays  as  they  converge  and  diverge 
in  passing  through  the  four  glasses  of  the  com- 
mon day  telescope,  described  above.  After  pass- 
ing    through     the    object-glass,    they    converge 

Fig  48.        Fig.  49.        Fig.  50. 


toward  B,  where  the  first  imago  is  formed.  They 
then  diverge  toward  the  first  eyeglass,  where  they 
are  rendered  i)arallel,  and,  passing  through  the 
second  eyeglass,  they  again  converge  and  form  a 
second  image  at  C,  from  which  point  they  again 
diverge,  and,  passing  through  the  first  eyeglass, 
enter  the  eye  in  a  parallel  direction  If  the 
glasses  of  these  telescopes  were  fixed  on  long 
pieces  of  wood,  at  their  proper  distances  from 
each  other,  and  placed  iu  a  darkened  room,  when 
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the  sun  is  shining,  the  beam  of  the  sun's  light 
would  pass  through  them  in  the  same  manner  as 
here  represented. 


SECTION   V. 
Telescope  formed  by  a  single  lens. 

This  is  a  species  of  telescope  altogether  unno- 
ticed by  optical  writers,  so  far  as  I  know;  nor  has 
the  property  of  a  single  lens,  in  magnifying  distant 
objects,  been  generally  adverted  to  or  recognized. 
It  may  not,  therefore,  be  inexpedient  to  state  a 
few  experiments  which  1  have  made  in  relation  to 
this  point.  When  we  hold  a  spectacle-glass  of  a 
pretty  long  focal  distance — say  from  20  to  24 
inches — close  to  the  eye,  and  direct  it  to  distant 
objects,  they  do  not  appear  sensibly  magnified. — 
But  if  we  hold  the  glass  about  12  or  16  inches 
from  our  eye,  we  shall  perceive  a  sensible  degree 
of  magnifying  power,  as  if  distant  objects  were 
seen  at  less  than  half  the  distance  at  which  they 
are  placed.  This  property  of  a  spectacle- glass 
I  happened  to  notice  when  a  boy,  and  on  different 
occasions  since  that  period  have  made  several  ex- 
periments on  the  subject,  some  of  which  I  shall 
here  relate. 

With  the  object-glass  of  a  common  refracting 
telescope,  43^2  feet  focal  distance,  and  2^^  inches 
diameter,  I  looked  at  distant  objects — my  eye 
being  at  about  3)o  feet  from  the  lens,  or  about  10 
or  12  inches  within  its  focus — and  it  produced 
nearly  the  same  effect  as  a  telescope  which  mag- 
nifies the  diameters  of  objects  5  or  6  times.  With 
another  lens,  11  feet  focal  distance  and4  inches  di- 
ameter, standing  from  it  at  the  distance  of  about  ten 
feet,  I  obtained  a  magnifying  power  of  about  12 
or  14  times,  which  enabled  me  to  read  the  letters 
on  the  signposts  of  a  village  half  a  mile  distant. — 
Having  some  time  ago  procured  a  very  large  lens, 
26  feet  focal  distance  and  ll^'g  inches  diameter,  I 
have  tried  with  it  various  experiments  of  this  kind 
upon  different  objects.  Standing  at  the  distance 
of  about  25  feet  from  it,  I  can  see  distant  objects 
through  it  magnified  about  26  times  in  diameter, 
and  consequently  676  times  in  surface,  and  rf- 
markably  clear  and  distinct,  so  that  I  can  distin- 
guish the  hour  and  minute  hands  of  a  public  clock 
in  a  village  two  miles  distant,  'i'liis  single  lens, 
therefore,  answers  the  purpose  of  an  ordinary 
telescope-with  a  power  of  26  times.  In  making 
such  experiments,  our  eye  must  always  be  within 
the  focus  of  the  lens,  at  least  8  or  10  inches.  The 
object  will,  indeed,  be  seen  at  any  distance  from 
the  gla.ss  within  this  limit,  but  the  magnifying 
power  is  diminished  in  proportion  as  we  aunroach 
nearer  to  the  glass.  Different  eyes,  too,  will  re- 
quire to  place  themselves  at  different  distances,  so 
as  to  obtain  the  greatest  degree  of  magnifying 
power  with  distinctness,  according  as  individuals 
are  longer  shortsighted. 

This  kind  of  telescope  stands  in  no  need  of  a 
tube,  hut  only  of  a  small  pedestal  on  which  it  may 
be  placed  on  a  table,  nearly  at  the  hight  of  the 
eye,  and  that  it  be  capable  of  a  motion  in  a  per- 
pendicular or  parallel  direction,  to  bring  it  in  a 
line  with  the  ej'e  and  the  object.  The  principle 
on  which  the  magnifying  power  in  this  case  is 
produced,  is  materially  the  same  as  that  on  which 
the  Galilean  telescope  depends.  The  eye  of  the 
observer  serves  instead  of  the  concave  lens  in  that 
instrument;  and  as  the  concave  lens  is  placed  as 
much  within  the  focus  of  the  object-glass  as  is 
equal  to  its  own  focal  distance,   so  the  eycj  in 


these  experiments,  must  be  placed  at  least  its  focal 
distance  within  the  focus  of  the  lens  with  which 
we  are  experimenting;  and  the  magnifying  power 
will  be  nearly  in  the  proportion  of  the  focal  dis- 
tance of  the  lens  to  the  focal  distance  of  the  eye. 
If,  for  example,  the  focal  distance  of  the  eye,  or  tho 
distance  at  which  we  see  to  read  distinctly,  be  10 
inches,  and  the  focal  distance  of  the  lens  11  feet, 
the  magnifying  power  will  be  as  11  fes-t,  or  132 
inches  to  10,  that  is,  about  13  times.  Let  A  (fig. 
51)  represent  the  lens  placed  on  a  pedestal;   the 


Fig.  51. 


rays  of  light  passing  through  this  lens  from  dis- 
tant objects  will  converge  toward  a  focus  at  F. — 
If  a  person  then  place  his  eye  at  E,  a  certain  dis- 
tance within  the  focal  point,  he  will  see  distant 
objects  magnified  nearly  in  the  proportion  of  the 
focal  distance  of  the  lens  to  that  of  the  eye;  and 
when  the  lens  is  very  broad — such  as  tlie  26  feet 
lens  mentioned  abov& — two  or  three  persons  may 
look  through  it  at  once,  though  they  will  not  all 
see  the  same  object.  I  have  alluded  above  to  a 
lens  made  by  M.  Azout  of  600  feet  focal  distance. 
Were  it  possible  to  use  such  a  lens  for  distant  ob- 
jects, it  might  represent  them  as  magnified  5  or 
600  times,  without  the  application  of  any  eye- 
glass. In  this  way  the  aerial  telescope  of  Hnygens 
would  magnify  objects  above  100  times,  which  is 
about  half  the  magnifying  power  it  produced  with 
its  eyepiece.  Suppose  Azout's  lens  had  been 
fitted  up  as  a  telescope,  it  would  not  have  n)agni- 
fied  above  4H0  times,  as  it  would  have  required  an 
eyeglass  of  14  or  15  inches  focal  distance,  wlierras, 
without  an  eyeglass,  it  would  have  magnified 
objects  consideraljly  above  500  times.  It  is  not 
unlikely  that  the  species  of  telescope  to  which  I 
have  now  adverted  constituted  one  of  those  instru- 
ments for  magnifying  distant  objects  wiiich  were 
said  to  have  been  in  tlie  possession  of  certain  per- 
sons long  before  their  invention  in  Holland,  and 
by  Galileo  in  Italy,  to  which  I  have  referred  in 
p.  55.  Were  this  kind  of  telescope  to  be  applied 
to  the  celestial  bodies,  it  would  require  to  be  ele- 
vated upon  a  pole  in  the  manner  represented  in 
fig.  45,  p.  66. 


SECTION    VI. 

The  achromatic  telescope. 

This  telescope  constitutes  the  most  important 
and  useful  improvement  ever  made  U])on  telescopic 
instruments,  and  it  is  probable  it  will,  ere  long, 
supersede  the  use  of  all  other  telescopes.  Its  im- 
portance and  utility  will  at  once  ap])ear  when  we 
consider  that  a  good  achromatic  telescope  of  only 
4  or  5  feet  in  length  will  bear  a  magnifying  power 
as  great  as  that  of  a  common  astronomiial  tele- 
scope 100  feet  long,  and  even  with  a  greater  de- 
gree of  distinctness,  so  that  they  are  now  coma 
into  general  use  both  for  terrestrial  and  celestial 
observations.  There  are,  indeed,  certain  obstruc- 
tions which  prevent  their  being  made  of  a  very 
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large  size;  but  from  the  improvement  in  the  man- 
ufacture of  athromatic  glass  which  is  now  going 
forward,  it  is  to  be  lioped  that  the  ditficuUies 
whicli  have  hitherto  impeded  tiie  progress  of  op- 
ticians will  soon  be  removed.  In  order  to  under- 
stand the  nature  of  this  telescope,  it  will  be  neces- 
sary to  advert  a  little  to  the  imperfections  connected 
with  the  common  refracting  telescopes. 

The  first  imperfection  to  which  I  allude  is  this, 
that  spherical  surfaces  do  not  refract  the  rays  of 
ligfit  accurately  to  a  point;  and  hence  the  image 
formed  by  a  single  convex  lens  is  not  perfectly 
accurate  and  distinct.  The  rays  which  pass  near 
the  extremities  of  such  a  lens  meet  in  foci  nearer 
to  the  lens  than  those  which  pass  nearly  through 
the  center,  which  may  be  illustrated  by  the  fol- 
lowing figure:  Let  P  P  (rig.  52)  be  a  convex 
lens,  and   E  e,  an   object,  the  point  E  of  which 


Fig.  52. 


corresponds  with  the  axis,  and  sends  forth  the  rays 
E  M,  EN,  E  A,  &.C.,  all  of  which  reach  the  sur- 
face of  the  glass,  but  in  diflTerent  parts.  It  is 
manifest  that  the  ray  E  A,  which  passes  through 
the  middle  of  the  glass,  suffers  no  refraction.  The 
rays  E  M,  EM,  likewise,  which  pass  through  near 
to  E  A,  will  be  converged  to  a  focus  at  F,  which 
we  generally  consider  as  the  focus  of  the  lens. 
But  the  rays  E  N,  E  N,  which  are  nearer  to  the 
edge  of  the  glass,  will  be  differently  refracted,  and 
will  meet  about  G,  nearer  to  the  lens,  where  they 
will  form  another  image  G  g.  Hence  it  is  evident 
that  the  first  image,  Ff,  is  formed  only  by  the 
union  of  those  rays  which-  pass  very  near  the  cen- 
ter of  the  lens;  but  as  the  rays  of  light  proceed- 
ing from  every  point  of  an  object  are  very  nu- 
merous, there  is  a  succession  of  images  formed, 
according  to  the  parts  of  the  lens  where  they 
penetrate;  which  necessarily  produces  indistinct- 
ness and  confusion.  This  is  the  imperfection 
which  is  distinguished  by  the  name  of  spherical 
aberration,  or  the  error  arising  from  the  spherical 
form  of  lenses. 

The  second  and  most  important  imperfection 
of  single  lenses,  when  used  for  the  object-gkissi^s 
of  telescopes,  is,  that  the  rays  of  compounded 
light  being  differently  refrangible,  come  to  their 
respective  foci  at  different  distances  from  the  glass; 
the  more  refrangible  rays,  as  the  violet,  converging 
sooner  tlian  those  which  are  less  refrangible,  as 
the  red.  I  have  had  occasion  to  illustrate  this  cir- 
cumstance, when  treating  on  the  colors  produced 
by  the  prism  (see  p.  42,  and  figures  ;J2  and  33), 
and  it  is  confirmed  by  the  experiment  of  a  paper 
painted  red,  throwing  its  image,  by  means  of  a 
lens,  at  a  greater  distance  tlian  another  paper 
painted  blue.  From  such  facts  and  experiments, 
it  appears  that  the  image  of  a  white  object  con- 
sists in  an  indefinite  number  of  colored  images, 
the  violet  being  nearest,  and  the  red  farthest  from 
the  lens,  and  the  images  of  intermediate  colors  at 
intermediate  distances.  The  aggregate,  or  image 
itself,  must  therefore  be  in  some  degree  confused; 
and  this  confusion  being  much  increased  by  the 
magnifying  power,  it  is  found  necessary  to  use  an 
eyeglass  of  a  certain  limited  convexity  to  a  given 
object-glass.  Thus,  an  object-glass  of  34  inches 
focal    ength   will  bear  au   eyeglass   of  only  one 


inch  focus,  an'd  will  magnify  the  diameters  of  ob- 
jects 34  times;  one  of  50  feet  focal  distance  will 
require  an  eyeglass  of  4}^  inches  focus,  and  will 
magnify  only  142  times;  whereas,  could  we  apply 
to  it  an  eyeglass  of  only  one  inch  focus,  as  in  the 
former  case,  it  would  magnify  no  less  than  600 
times.  And  were  wo  to  construct  an  object  glass 
of  100  feet  focal  length,  we  should  require  to  ap- 
ply an  eyeglass  not  less  than  six  iuches  focus, 
which  would  produce  a  power  of  about  200  times; 
so  that  there  is  no  possibility  of  producing  a  great 
power  by  single  lenses  without  extending  the  te- 
lescope to  an  iamioderate  length. 

Sir  Isaac  Newton,  after  having  made  his  dis- 
coveries respecting  the  colors  of  light,  considered 
tlie  circumstance  we  have  novv  staled  as  an  insu- 
perable barrier  to  the  improvement  of  refracting 
telescopes,  and  therefore  turned  his  attention  to 
the  improvement  of  telescopes  by  reflection.  lu 
the  telescopes  which  he  constructed  and  partly 
invented,  the  images  of  objects  are  formed  by  re- 
flection from  speculums  or  mirrors;  and  being 
free  from  the  irregular  convergency  of  thi.  "arious 
colored  rays  of  light,  will  admit  of  a  much  larger 
aperture  and  the  application  of  a  much  greater  de- 
gree of  magnifying  power.  The  reflector  which 
Newton  constructed  was  only  six  iuches  long, 
but  it  was  capable  of  bearing  a  power  equal  to 
that  of  a  six  feet  refractor.  It  was  a  long  time, 
however,  after  the  invention  of  these  telescopes, 
before  they  were  made  of  a  size  fitted  for  making 
celestial  observations.  After  reflecting  telescopes 
had  been  some  time  in  use,  Dollond  made  his  fa- 
mous discovery  of  the  principle  which  led  him  to 
the  construction  of  the  achromatic  telescope.  This 
invention  consists  of  a  compound  object-glass 
formed  of  two  different  kinds  of  glass,  by  which 
both  the  spherical  aberration  and  the  errors  arising 
from  the  different  refrangibility  of  the  rays  of 
light  are  in  a  great  measure  corrected.  For  the 
explanation  of  the  nature  of  this  compound  ob- 
ject-glass and  the  effects  it  produces,  it  may  be 
expedient  to  offer  the  following  remarks  respect- 
ing the  dispersion  of  light  and  its  refraction  by 
different  substances. 

Tlie  dispersion  of  light  is  estimated  by  the  va- 
riable angle  foiTned  by  the  red  and  violet  rays 
which  bound  the  KOlar  spectrum,  or,  rather,  it  is 
the  excess  of  the  refraction  of  the  most  refrangi- 
ble ray.  above  that  of  the  least  refrangible  ray. 
The  dispersion  is  not  proportional  to  the  rt-frac- 
tion,  that  is,  the  substances  which  have  an  equal 
mean  refraction  do  not  disperse  light  in  the  same 
ratio.  For  example,  if  we  make  a  prism  with 
plates  of  glass,  and  fill  it  with  oil  of  cassia,  and 
adjust  its  refracting  angle,  A  C  B  (fig.  31,  p.  42), 
so  that  the  middle  of  the  spectrum  vvliich  it  forms 
falls  exactly  at  the  same  place  where  the  green 
rays  of  a  spectrum  formed  by  a  glass  prism  would 
fall,  then  we  shall  find  that  the  spectrum  formed 
by  the  oil  of  cassia  prism  will  be  two  or  tiiree 
times  longer  than  that  of  the  glass  prism.  Thu 
oil  of  cassia,  therefore,  is  suid  to  disperse  the  rays 
of  light  niQre  than  the  glass,  that  is,  to  se[)arate 
the  extreme  red  and  violet  rays  at  O  and  P  more 
than  the  mean  ray  at  green,  and  to  have  a  greater 
dispersive  power.  Sir  I.  Newton  appears  to  have 
made  use  qf  prisms  composed  of  different  sub- 
stances, yet,  strange  to  tell,  he  never  observed  that 
they  formed  spectrums  whose  lengths  were  differ- 
ent when  the  refraction  of  the  green  ray  was  the 
same,  but  thought  that  the  dispersion  was  propor- 
tional to  the  refraction.  This  error  continued  to 
be  overlooked  by  philosouhers  for  a  considerable 
time,  and  was  the  cause  of  retarding  the  invention 
of  the  achromatic  telescope  for  more  than  50  yeara. 
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Dollond  was  among  the  first  who  detected  this 
error.  By  his  experiments  it  appears  that  the  dif- 
ferent kinds  of  glass  differ  exlrenriely  with  respect 
to  the.  divergency  of  colors  produced  by  equal  re- 
fractions. He  found  that  two  prisms,  one  of  white 
flint  glass,  whose  refracting  angle  was  about  25 
degrees,  and  another  of  crown  glass,  whose  re- 
fracting angle  was  about  29  degrees,  refracted  the 
beam  of  light  nearly  alike,  but  that  the  divergency 
of  color  in  the  white  flint  was  considerably  more 
than  in  the  crown  glass;  so  that  when  they  were 
applied  together,  to  refract  contrary  ways,  and  a 
beam  of  light  transmitted  through  thcra,  though 
the  emergent  continued  parallel  to  the  incident 
part,  it  was,  notwithstanding,  separated  into  com- 
ponent colors.  From  this  lie  inferred  that,  in  or- 
der to  render  the  emergent  beam  white,  it  is  ne- 
cessary that  the  refracting  angle  of  the  prism  of 
crov/n  glass  should  be  increased,  and  by  repeated 
experiments  he  discovered  the  exact  quantity.  By 
these  means  he  obtained  a  theory  in  which  refrac- 
tion was  performed  without  any  separation  or  di- 
vergency of  color,  and  thus  the  way  was  prepared 
for  applying  the  principle  he  had  ascertained  to 
the  construction  of  the  object-glasses  of  refract- 
ing telescopes.  For  the  edges  of  a  convex  and 
concave  lens,  when  placed  in  contact  with  each 
other,  may  be  considered  as  two  prisms  which  re- 
fract contrary  ways;  and  if  the  excess  of  refrac- 
tion in  the  one  be  such  as  precisely  to  destroy  the 
divergency  of  color  in  the  other,  a  colorless  image 
will  be  formed.  Thus,  if  two  lenses  are  made 
of  the  same  focal  length,  the  one  of  flint  glass 
and  the  other  of  crown,  the  length  or  diameter 
of  the  colored  image  in  the  first  will  be  to  that 
produced  by  the  crown  glass  as  three  to  two  nearly. 
Now  if  we  make  the  focal  lengths  of  the  lenses 
in  this  proportion,  that  is,  as  three  to  two,  the 
colored  spectrum  jiroduced  by  each  will  be  equal. 
But  if  the  (lint  lens  be  concave,  and  the  crown 
convex,  when  jilaced  in  contact  they  will  mutu- 
ally correct  each  other,  and  a  pencil  of  white  light 
refracted  by  the  compound  lens  will  remain  color- 
less. 

The  following  figure  may  perhaps  illustrate 
what  has  been  now  stated.  Let  L  L  (fig.  53) 
represent  a  convex  lens  of  crown  y/ass,  and  1 1  a 

Fig.  53. 


concave  lens  of  Jlint  glass.  A  ray  of  the  sun,  S, 
falls  at  F  on  the  convex  lens,  which  will  refract  it 
exactly  as  the  prism  ABC,  whose  faces  touch 
the  two  surfaces  of  the  lens  at  the  points  where 
the  ray  enters  and  quits  it.  The  solar  ray,  S  F, 
thus  refracted  by  the  lens  L  L,  or  prism  ABC, 
would  have  formed  a  spectrum,  P  T,  on  the  wall, 
had  there  been  no  other  lens,  tlie  violet  ray,  F, 
crossing  the  axis  of  the  lens  at  V,  and  going  to 
the  upper  end,  P,  of  the  spectrum;  and  the  red 
ray,  F  R,  going  to  the  lower  end,  T.  But  as  the 
flint  glass  lens  1 1,  or  the  prism  A  a  C,  which  re- 
ceives the  rays  F  V,  F  R,  at  the  same  points,  is 
interposed,  these  rays  will  be  united  at/,  and  form 
a  small  circle  of  wiiite  light;  the  ray  S  F  of  the 
sun  being  now  refracted  without  color  from  its 
primitive  direction  S  F  Y  into  the  new  direction 


F  f.  In  like  manntT,  the  corresponding  ray  S  M 
will  be  refracted  to/,  and  a  white  and  colorless 
image  of  the  sun  will  be  there  foi-rned  by  the  two 
lenses.  In  this  combination  of  lenses,  it  is  obvi- 
ous that  the  spherical  aberration  of  the  flint  lens 
corrects  to  a  considerable  degree  that  of  the  crown 
glass,  and  by  a  proper  adjustment  of  the  radii  of 
the  surfaces,  it  may  be  almost  wholly  removed. 
This  error  is  still  more  completely  corrected  in 
the  triple  achromatic  object-glass,  which  consists 
of  three  lenses — a  concave  flint  lens  placed  be- 
tween convexes  of  crown  glass.  Fig.  54  shows 
the  double  achromatic  lens,  and  fig.  55  the  triple 
object-glass,  as  they  are  fitted  up  in  their  cells, 
and  placed  at  the  object  end  of  the  telescope.     la 


Fig.  54. 


Fig.  55. 


consequence  of  their  producing  a  focal  image  fre» 
of  color,  they  will  bear  a  much  larger  aperture 
and  a  much  greater  magnifying  power  than  com- 
mon refracting  telescopes  of  the  same  length. 
While  a  common  telescope  whose  object-glass  i$ 
y-2  feet  focal  distance  will  bear  an  aperture  of 
scarcely  one  inch,  the  3^  feet  achromatic  will 
bear  an  aperture  of  3}-^  inches,  aud  consequently 
transmits  lO^o  times  the  quantity  of  light.  While 
the  one  can  bear  a  magnifying  power  of  only 
about  36  times,  the  other  will  bear  a  magnifying 
power  for  celestial  objects  of  more  than  200  times. 
The  theory  of  the  achromatic  tele.scope  is 
somewhat  complicated  and  abstruse,  and  would 
require  a  more  lengthened  investigation  than  my 
limits  will  permit.  But  what  has  been  already 
stated  may  serve  to  give  the  reader  a  general  idea 
of  the  principle  on  which  it  is  constructed,  which 
is  all  I  intended.  The  term  achromatic,  by  which 
such  instruments  are  now  distinguished,  was  fiist 
given  to  them  by  Dr.  Bevis.  It  is  compounded  of 
two  Greek  words  which  signify  "  free  of  color." 
And  were  it  not  that  even  philosophers  are  not 
altogether  free  of  that  pedantry  which  induces  us 
to  select  Greek  words  which  are  unintelligible  to 
the  mass  of  mankind,  they  might  have  been 
contented  with  selecting  the  plain  English  word 
colorless,  which  is  as  significant  and  expressive  as 
the  Greek  word  achromatic.  The  crown  glass, 
of  which  the  convex  lenses  of  this  telescope  are 
made,  is  the  same  as  good  common  window  glass; 
and  the  Jlint  glass  is  that  species  of  glass  of  which 
wine-glasses,  tumblers,  decanters,  and  similar  ar- 
ticles are  formed,  and  is  sometimes  distinguished 
by  the  name  of  crystal  glass.  Some  opticians 
have  occasionally  formed  the  concave  lens  of  an 
achromatic  object-glass  from  the  bottom  of  a 
broken  tumbler. 

This  telescope  was  invented  and  constructed  by 
IVIr.  John  Dollond,  about  the  year  1758.  When 
he  began  his  researches  into  this  subject,  he  was  a 
silk  weaver  in  Spitalfields,  London  The  attempt 
of  the  celebrated  Euler  to  form  a  colorless  tele- 
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•cope,  by  including  water  between  two  meniscus 
glasses,  a Ltmcted  liis  attention,  and  in  the  year 
1753  be  addressed  a  letter  to  Rlr.  Short,  the  opti- 
cian, which  was  [jubiished  in  the  Fliilosophical 
Transactions  of  London,  "  concerning  a  niistuke 
in  Euler's  theorem  for  correcting  the  aberrations 
in  the  object-glasses  of  refracting  telescopes." 
After  a  great  variety  of  experiments  on  the  re- 
fractive and  dispersive  powers  of  different  sub- 
stances, he  at  last  constructed  a  telescope  in  which 
an  exact  balance  of  tlie  opposite  dispersive  powers 
of  the  crown  and  flint  lenses  made  the  colors  dig* 
appear,  while  the  predominating  refraction  of  the 
crown  lens  disposed  the  achromatic  rays  to  meet 
at  a  distant  focus.  Li  constructing  such  object- 
glasses,  however,  he  had  several  uifHculties  to  en- 
counter. In  the  first  place,  the  focal  distance  as 
well  as  the  particular  surfaces  must  be  very  nicely 
proportioned  to  the  densities  or  refractive  powers 
of  the  glasses,  which  are  very  apt  to  vary  in  the 
same  sort  of  glass  made  at  difTerent  times.  Li  the 
next  place,  the  centers  of  the  two  glasses  must  be 
placed  truly  in  the  common  axis  of  the  telescope, 
otherwise  the  desired  effect  will  be  in  a  great  mea- 
sure destroyed.  To  these  difliculties  is  to  be  added, 
that  there  are  four  surfaces  (even  in  double  achro- 
matic object-glasses)  to  be  wrought  perfectly  splie- 
rical;  and  every  person  practiced  in  optical  ope- 
rations will  allow  that  there  must  be  the  greatest 
accuracy  throughout  the  whole  work.  But  these 
and  other  difKculties  were  at  length  overcome  by 
the  judgment  and  perseverance  of  this  ingenious 
artist. 

It  appears,  however,  that  Dollond  was  not  the 
only  person  who  had  the  merit  of  making  this 
discovery — a  private  gentleman,  Mr.  Chest,  of 
Chest  Hall,  a  considerable  number  of  years  be- 
fore, having  made  a  similar  discovery,  and  applied 
it  to  the  same  purpose.  This  fact  was  ascertained 
in  the  course  of  a  process  raised  against  Dollond, 
at  the  instance  of  Watkins,  optician  at  Charing 
Cross,  when  applying  for  a  patent.  But  as  the 
other  gentleman  had  kept  his  invention  a  secret, 
and  Dollond  had  brought  it  forth  for  the  benefit  of 
the  public,  the  decision  was  given  in  his  favor. 
There  was  no  evidence  that  Dollond  borrowed  the 
Idea  from  his  competitor,  and  both  were,  to  a  cer- 
tain extent,  entitled  to  the  merits  of  the  invention. 

One  of  the  greatest  obstructions  to  the  con- 
struction of  large  achromatic  telescopes  is  the 
difficulty  of  procuring  large  discs  of  flint  glass  of 
a  uniform  refractive  density,  of  good  color,  and 
free  from  veins.  It  is  suid  that  fortunately  for 
Mr.  Dollond,  this  kind  of  glass  was  procurable 
when  he  began  to  mak>5  achromatic  telescopes, 
though  the  attempts  of  ingenious  chemists  have 
since  been  exerted  to  make  it  without  much  suc- 
cess. It  is  also  said  that  the  glass  employed  by  Dol- 
lond in  the  fabrication  of  his  best  telescopes  was  of 
the  same  melting,  or  made  at  the  same  time,  and 
that,  excepting  this  particular  treasure,  casually 
obtained,  good  dense  glass  for  achromatic  purposes 
was  always  as  difficult  to  be  procured  as  it  is  now. 
The  dispersion  of  the  flint  glass,  too,  is  so  variable, 
that,  in  forming  an  achromatic  lens,  trials  on  each 
specimen  require  to  be  made  before  the  absolute 
proportional  dispersion  of  the  substances  can  be 
ascertained.  It  is  owing,  in  a  great  measure,  to 
these  circumstances  that  a  large  and  j^ood  achro- 
matic telescope  cannot  be  procured  unless  at  a 
very  high  price.  Mr.  Tulley,  of  Islington — who 
has  been  long  distinguished  as  a  maker  of  excel- 
lent achromatic  instruments — showed  me,  about 
six  years  ago,  a  rude  pii^ce  of  flint  glass  about  five 
inches  diameter,  intended  for  the  concave  lens  of 
an  achromatic  object-glass,  for  which  he  paid  eight 


guineas.  This  was  before  the  piece  cf  glass  was 
eitherfigured  or  polished,  and,  consequently,  he  had 
still  to  perform  the  delicate  operation  of  tiguiing, 
polishing,  and  adjusting  this  concave  to  the  convex 
lenses  with  which  it  was  to  be  combined;  and, 
during  the  process,  some  veins  or  irregularities 
might  be  detected  in  the  flint  glass  whicli  did  not 
then  appear.  Some  years  before,  he  procured  a 
disc  of  glass  from  the  Continent,  about  seven  or 
eight  inches  diameter,  for  which  he  paid  about 
thirty  guineas,  with  which  an  excellent  telescope, 
twelve  feet  focal  length,  was  constructed  for  the 
Astronomical  Society  of  London.  It  is  obvious, 
therefore,  that  large  achromatic  telescopes  nmst 
be  charged  at  a  pretty  high  price. 

In  order  to  stimulate  ingenious  chemists  and 
opticians  to  make  experiments  on  this  subject, 
the  Board  of  Longitude,  more  than  half  a  century 
ago,  offered  a  considerable  reward  for  bringing  the 
art  of  making  good  flint  glass  for  optical  purposes 
to  the  requisite  perfection.  But  considerable  dif- 
ficulties arise  in  attempting  improvements  of  this 
kind,  as  the  experiments  must  all  be  tried  on  a 
very  large  scale,  and  are  necessarily  attenrled  with 
a  heavy  expense;  and,  although  government  has 
been  extremely  liberal  in  voting  money  for  war- 
like purposes,  and  in  bestowing  pensions  on  those 
who  stood  in  no  need  of  them,  it  has  thrown  an 
obstruction  in  the  way  of  such  experiments,  by 
the  heavy  duty  of  excise,  which  is  rigorously  ex- 
acted, whether  the  glass  be  manufactured  into  sale- 
able articles  or  not,  and  has  thus  been  instrumen- 
tal in  retarding  the  progress  of  improvement  and 
discovery.  It  would  appear  that  experiments  of 
this  kind  have  been  attended  with  more  sucess  in 
France,  Germany,  and  other  places  on  the  Conti- 
nent than  in  Britain,  as  several  very  large  achro- 
matic telescopes  have  been  constructed  in  those 
countries  by  means  of  flint  glass,  which  was 
cast  for  the  purpose  in  different  manufactories, 
and  to  whicli  British  artists  have  been  consider- 
ably indebted,  as  the  London  opticians  frequently 
purchase  their  largest  discs  of  flint  glass  from 
Parisian  agents.  Guinaud,  a  Continental  experi- 
menter, and  who  was.  originally  a  cabinetmaker, 
appears  to  have  had  his  labors  in  this  department 
of  art  crowned  with  great  success.  Many  years 
were  employed  in  his  experiments,  and  he  too  fre- 
quently, notwithstanding  all  his  attention,  disco- 
vered his  metal  to  be  vitiated  by  striae,  specks,  or 
grains,  with  cometic  tails.  He  constructed  a  fur- 
nace capable  of  melting  two  cwt.  of  glass  in  one 
mass,  which  he  sawed  vertically,  and  polished  one 
of  the  sections,  in  or;Jer  to  observe  what  had  taken 
place  during  the  fusion.  From  time  to  time,  as  he 
obtained  blocks  including  ])ortions  of  good  glass, 
his  practice  was  to  separate  them  by  sawing  the 
blocks  into  horizontal  sections,  or  perpendicular 
to  their  axes.  A  fortunate  accident  conducted  him 
to  a  better  process.  While  his  men  were  one  day 
carrying  a  block  of  this  glass  on  a  handbarrow  to 
a  sawmill  which  he  had  erected  at  the  Fall  of  tho 
Doubs,  the  mass  slipped  from  its  bearers,  and  roll- 
ing to  the  bottom  of  a  steep  and  rocky  declivity, 
was  broken  to  pieces.  Guinaud  having  selected 
those  fragments  which  appeared  perfectly  homo- 
geneous, softened  them  in  circular  molds  in  such 
a  manner,  that,  on  cooling,  he  obtained  discs  that 
were  afterward  fit  for  working.  To  this  method 
he  adhered,  and  contrived  a  way  for  clearing  his 
glass  while  cooling,  so  that  the  fractures  should 
follow  the  most  faulty  parts.  When  flaws  occur- 
red in  the  large  mas'ses,  they  were  removed  by 
cleaving  the  pieces  with  wedges;  then  smelting 
them  again  in  molds,  which  gave  them  tiie  form 
of  discs.     The  Astronomical  Society  of  Loudon 
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have  made  trial  oi  ^•cs  made  by  Guinaud,  and  Herschel  discovered  with  it  a  sixth  star  in  the  tra- 
have  found  them  em.  'y  homogeueous  and  free  i  peziiirn  in  the  nebula  of  Orion,  whose  briu;htnes3 
from  fault.  Of  this  ih-^enious  artist's  flint  glass  ;w;)s  about  one-llurd  of  that  of  the  fifth  star  dig- 
some  of  the  largest  aclir  ^latic  telescopes  on  the  1  covered  by  Struve,  which  is  as  distinctly  seen  as 
Continent  have  been  cowiructed.  But  it  is  more  I  the  companion  to  Polaris  is  in  a  five  feet  uchro- 
than  twenty  years   since     'vis  experimenter  took  j  matic.     Sir  James  gives  the   following  notices  of 


his  flight  from  this  terrestv.  scene,  and  it  is  un- 
certain whether  his  process  ix.  ''^arried  »n  with 
equal  success. 

NOTICES  OF  SOME  LARGE  ACHROMATIC  TELESCOPES  ON 
THE  CONTLVE.N'T  A.N'D  L\  GREAT  BRITAIN. 

1.  The.  Dorpaf  Telescope. — This  is  one  of  the 
largest  and  most  expensive  refracting  telescopes 
ever  constructed.  It  was  made  by  the  celebrated 
Fraunhofer,  of  Municli,  for  the  observatorj'  of  tlie 
Imperial  Universitj^  of  Dorpat,  and  was  received 
into  tile  observatory  by  Professor  Strtiye,  in  the 
year  182.5.  The  aperture  of  the  object-glass  of 
this  telescope  is  B}^  English  inches,  and  its  solar 
focal  length  about  14  feet,  the  main  tube  being  13 
French  feet,  exclusive  of  the  tube  which  holds 
the  eyepieces.  The  smallest  of  the  four  magni- 
fying powers  it  possesses  is  175,  and  the  largest 
700,  which,  in  favorable  weather,  is  said  to  pre- 
sent the  object  with  the  utmost  precision.  "  This 
instrument,"  says  Strtive,  "  was  sold  to  us  by 
Privy-counsellor  Vox  Utzchneider,  the  chief  of 
the  optical  establishment  at  Munich,  for  10,500 
florins  (about  £950  sterling),  a  price  which  only 
covers  the  expenses  which  the  establishment  in- 
curred in  making  it."  The  framework  of  the 
stand  of  this  telescope  is  of  oak,  inlaid  with  pieces 
of  mahogany  in  an  ornatnental  manner,  and  the 
tube  is  of  deal  veneeret!  with  mahogany  and  high- 
ly polished.  The  whole  weight  of  the  telescope 
and  its  counterpoises  is  supported  atone  point,  at 
the  common  center  of  gravity  of  all  its  parts;  and 
though  these  weigh  30(10  Russian  pounds,  yet  we 
are  told  that  this  enormous  telescope  may  be 
turneii  in  every  direction  toward  the  heavens  with 
more  ease  and  certainty  than  other  hitherto  in  use. 
When  the  object-end  of  the  telescope  is  elevated 
to  the  zenith,  it  is  sixteen  feet  four  inches,  Paris 
measure,  above  the  floor,  and  its  eye-end  in  this 
position  is  two  feet  nirie  inches  high.  This  in- 
strument is  mounted  on  an  equatorial  staiid,  and 
clockwork  is  applied  to  the  equatorial  axis,  which 
gives  it  a  smooth  and  regular  sidereal  motion, 
which,  it  is  said,  keeps  a  star  in  the  exact  center 
of  the  field  of  view,  and  produces  the  appearance 
of  a  state  of  rest  in  the  starry  regions,  which  mo- 
tion can  be  made  solar,  or  even  lunar,  by  a  little 
change  given  to  the  place  of  a  pointer  that  is 
placed  as  an  index  on  the  dial  plate.  Professor 
Struve  considers  the  optical  powers  of  this  tele- 
scope superior  to  those  of  Schroeter's  twenty-five 
feet  reflector,  from  having  observed  o-  Orionis 
with  fifteen  companions,  though  Schroc^ter  ob- 
served only  twelve  that  he  could  count  with  cer- 
tainty. Nay,  he  seems  disposed  to  place  it  in 
competition  with  the  late  Sir  W.  Herscliel's  forty- 
feet  reflector.  The  finder  of  this  telescope  has  a 
focal  distance  of  30  French  inches,  and  2-42  aper- 
ture. 

2.  Sir  James  Soutk^s  Telescope. — About  the 
year  lb29.  Sir  J.  South,  President  of  the  London 
Astronomical  Society,  procured  of  M.  Cauchoix, 
of  Paris,  an  achromatic  object-glass  of  11  2-10 
inches  clear  aperture,  and  of  19  feet  focal  length. 
The  flint  glass  employed  in  its  construction  was 
the  manufacture  of  the  late  Guinaud  le  Pere,  and 
was  found  to  be  absolutely  perfect.  The  first  ob- 
servation was  made  with  this  telescope  while  on  a 
temporary  stand,  on  Feb.  13,  1830,  when  Sir  J. 


the  performance  of  tliis  instrument  on  the  morn- 
ing of  May  14.  18;i0.  "At  half  past  two  placed 
the  20  feet  achromatic  on  the  Georgium  Sidus, 
saw  it  with  a  power  of  S4fi,  a  beanliful  planetary 
disc;  not  the  slightest  suspicion  of  any  ring,  ei- 
ther perpendicular  or  horizontal;  but  the  planet 
three  hours  east  of  the  meridian,  and  the  moon 
witliin  three  degrees  of  the  planet.  At  a  quart;'!' 
before  thvee,  viewed  Jupiter  with  252  and  .346, 
literally  covered  with  belts,  and  the  diameters  of 
his  satellites  might  have  been  as  easily  measured 
as  himself.  One  came  from  behind  the  body,  and 
the  contrast  of  the  color  with  thiit  of  the  planet's 
limb  was  striking.  At  three  o'clock  vi>nved  Mars, 
The  contrast  of  light  in  the  vicinity  of  the  ])oles 
very  decided.  Several  spots  on  his  bo.iy  well  and 
strongly  maiked;  that  about  the  south  pole  seems 
to  overtake  the  body  of  the  planet,  and  gives  aa 
appearance  not  unlike  that  afforded  by  the  new 
moon,  familiarly  known  as  'the  old  moon  in  the 
moon's  arms.'  "  Saturn  has  been  repeatedl}-  seen 
with  powers  from  1.30  to  928,  under  circum- 
stances the  most  favorable;  but  not  anything 
anomalous  about  the  planet  or  its  ring  could  even 
be  suspected.  This  telescope  is  erected  on  an 
equatorial  stand,  at  Sir  J.  South's  observatory, 
Kensington. 

3.  Captain  Smith's  Telescope  in  his  private  cbser- 
vatorij  at  Bedford. — This  achromatic  telescope  is 
81^  feet  focal  length,  witii  a  clear  aperture  of  5 
9-10  inches,  worked  by  the  late  Mr.  Tullev.  se- 
nior, from  a  disc  purchased  by  Sir  James  South 
at  Paris.  It  is  considered  by  Captain  Smith  to  ba 
the  finest  specimen  of  that  eminent  optician's 
skill,  and,  it  is  said,  will  bear  with  distinctness  a 
magnifying  power  of  1200.-  Its  distinctness  has 
been  proved  by  the  clear  vision  it  gives  of  the  ob- 
scure nebulffi,  and  of  the  companions  of  Polaris, 
Rigel,  -J  Lyrte,  and  the  most  minute  double  stars 
— the  lunar  mountains,  cavities,  and  shadows  un- 
der all  powers — the  lucid  polar  regions  of  Mans — 
the  sharpness  of  the  double  ring  of  Saturn — the 
gibbons  aspect  of  Venus — the  shadows  of  Jupiter's 
satellites  across  his  body, and  the  splendid  contrast 
of  colors  in  a.  Hercules,  y  Andromedte,  and  other 
super!)  double  stars. 

Other  large  Achromatics. — Beside  the  above, 
the  following,  belonging  to  public  observatories 
and  private  individuals,  may  be  mentioned.  In 
the  Royal  Observatory  at  Greenvi'ich  there  is  an 
achromatic  of  10  feet  focal  distance,  having  a 
double  object-glass  5  inches  diameter,  which  was 
made  by  Mr.  Peter  Dollond,and  fhe  only  one  of 
that  size  he  ever  constructed.  There  is  also  a  46 
inch  achromatic,  with  a  triple  object-glass  .3^^ 
inches  aperture,  which  is  said  to  be  the  most  per- 
fect instrument  of  the  kind  ever  produced.  It 
was  the  favorite  instrument  of  Dr.  Maskelyne, 
late  astronomer  royal,  who  had  a  small  room  fitted 
up  in  the  observatory  for  this  telescope.  The  ob- 
servatory some  years  ago  erected  near  Cambridge 
is,  perhaps  the  most  splendid  structure  of  the  kind 
in  Great  Britain.  It  is  furnished  with  several 
very  large  achromatic  telescopes  on  equatorial 
machinery;  but  the  achromatic  telescope  lately 
presented  to  it  by  the  Duke  of  Northuriiberland 
is  undoubtedly  the  largest  instrument  of  this  de- 
scription which  is  to  be  found  in  this  country. 
The  object-glass  is  said  to  be  twenty-five  feet 
focal  distance,  and  of  a  corresponding  diameter; 
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but  as  them  was  no  access  to  this  instrument  at 
the  time  I  visited  the  observatory,  nearly  six 
years  ago,  I  am  unable  to  give  a  particular  de- 
scription of  it.  In  the  Royal  Observatory  at 
Paris,  which  I  visited  in  1837,  I  noticed,  among 
other  instruments,  two  very  large  achromatic 
telescopes,  which,  measuring  them  rudely  by  the 
eye,  I  estimated  to  be  from  15  to  18  feet  long,  and 
the  aperture  at  the  object-end  from  12  to  15 
inches  diameter.  They  were  the  largest  achro- 
matics  I  iiad  previouslj'  seen;  but  I  could  find  no 
person  in  the  Observatory  at  that  time  who  could 
give  me  any  information  as  to  their  history,  or 
to  their  exact  dimensions  or  powers  of  magnify- 
ing.* 

The  Rev.  Dr.  Pearson,  treasurer  to  the  Astro- 
nomical Society  of  London,  is  in  possession  of 
the  telescope  formerly  alluded  to  made  by  Mr. 
Tulley,  of  twelve  feet  focal  distance  and  seven 
inches  aperture,  which  is  said  to  be  a  very  fine 
one.  The  small  star  which  accompanies  the  pole- 
star,  with  a  power  of  100,  appears  through  this 
telescope  as  distinct  and  steady  as  one  of  Jupiter's 
satellites.  With  a  single  lens  of  6  inches  focus, 
which  produced  a  power  of  24  times,  according 
to  the  testimony  of  an  observer  who  noticed  it, 
the  small  star  appeared  as  it  does  in  an  achroma- 
tic of  three  inches  aperture,  which  shows  the 
great  effect  of  illuminating  power  in  such  instru- 
ments. Mr.  Lawson  a  diligent  astronomical  ob- 
server in  Hereford,  possesses  a  most  beautiful 
achromatic  telescope  of  about  7  inches  aperture 
and  12  feet  focal  distance,  which  was  made  by 
one  of  the  Dollands,  who  considered  it  his  cli^f 
d'ceuvre.  It  is  said  to  bear  powers  as  high  as  1100 
or  1400,  and  has  been  fitted  up  with  mechanism, 
devised  by  Mr.  Lawson  himself,  so  as  to  be  per- 
fectly easy  and  manageable  to  the  observer,  and 
which  displays  this  gentleman's  inventive  talent. 
In  several  of  his  observations  with  t.'iis  instru- 
ment, he  is  said  to  have  had  a  view  of  some  of 
the  more  minute  subdivisions  of  the  ring  of  Sa- 
turn. A  very  excellent  achromatic  telescope  was 
fitted  up  some  years  ago  by  my  worthy  friend 
William  Bridijes,  Esq.,  Blackheath.  Its  object- 
glass  is  51^.3  inches  diameter,  and  about  bj.i  feet 
focal  length.  It  is  erected  upon  equatorial  ma- 
chinery, and  placed  in  a  circular  observatory 
which  moves  round  with  a  slight  touch  of  the 
hand.  The  object-glass  of  this  instrument  cost 
about  200  guineas;  the  equatorial  machinery  on 
which  it  is  mounted  cost  150  guineas;  and  the 
circular  observatory  in  which  it  is  placed  about 
100  guineas,  in  all  450  guineas.  Its  powers  vary 
from  50  to  300  times.f 

ACHROMATIC  TELESCOPES  OF  A  MODERATE  SIZE. 

Such  telescopes  as  I  have  alluded  to  above  are 
among  the  largest  which  have  yet  been  made  on 
the  achromatic  principle;  they  are,  of  course, 
comparatively  rare,  and  can  be  afforded  only  at  a 
very  high  price.  Few  of  the  object-glasses  in  the 
telescopes  to  which  I  have  referred  would  be 
valued  at  less  than  200  guineas,  independently  of 
the  tubes,  eyepieces,  and  other  apparatus  with 
which  they  are  fitted  up.     It  is  so  difficult  to  pro- 


*  An  achromatic  telescope  is  said  to  be  in  possession  of 
Mr.  Cooper,  M.  P.  for  Sligo,  wlii<;h  is  26  feet  long,  and  the 
diameter  of  the  objeet-i;1ass  14  inches. 

t  This  telescope,  which  wis  made  by  DoIIanil,  with  a 
power  of  2)0  times,  gives  a  beautiful  view  of  the  belts  of 
Jupiter,  and  the  double  rin<;  of  t^atnin,  and  with  a  power  of 
50  the  stars  in  the  Milky  V\'av  and  some  of  tlie  nebula-  apiiear 
very  numerous  and  brilliant.  Its  owner  is  a  gentleman  who 
unites  science  with  Christianity. 


cure  large  discs  of  flint  glass  for  optical  purposes, 
to  produce  the  requisite  curves  of  the  different 
lenses,  and  to  combine  them  together  with  that 
extreme  accuracy  which  is  requisite,  that,  when 
a  good  compound  lens  of  this  description  is  found 
perfectly  achromatic,  the  optician  must  necessa- 
rily set  a  high  value  upon  it,  since  it  may  happen 
that  he  may  have  finished  half  a  dozen  before  he 
has  got  one  that  is  nearly  perfect.  The  more 
common  sizes  of  achromatic  telescopes  for  astro- 
nomical purposes,  which  are  regularly  sold  by  the 
London  opticians,  are  the  following  : 

1.  The  2} 2  feet  Achromatic. — This  telescope 
has  an  object-glass  30  inches  in  focal  length,  and 
2  inches  clear  aperture.  It  is  generally  furnished 
with  two  eyepieces,  one,  for  terrestrial  objects, 
magnifying  about  30  or  35  times,  and  one  for  ce- 
lestial objects,  with  a  power  of  70  or  75  times.  It 
might  be  furnished  with  an  additional  astronomi- 
cal eyepiece,  if  the  object-glass  be  a  good  one,  so 
as  to  produce  a  power  of  90  or  95  times.  With 
such  a  telescope  the  belts  and  satellites  of  Jupiter, 
the  phases  of  Venus,  and  the  ring  of  Saturn  may 
be  perceived,  but  not  to  so  much  advantage  as 
with  larger  telescopes.  It  is  generally  fitted  up 
either  with  a  mahogany  or  a  brass  tube,  and  is 
placed  upon  a  tripod  brass  stand,  with  a  universal 
joint  which  produces  a  horizontal  and  vertical 
motion.  It  is  packed,  along  with  the  eyepieces 
and  whatever  else  belongs  to  it,  in  a  neat  maho- 
gany box.  Its  price  varies  according  as  it  is 
furnished  with  an  elevating  rack  or  other  appara- 
tus. 

The  following  are  the  prices  of  this  instrument, 
as  marked  in  the  catalogue  of  Mr.  Tulley,  Ter- 
rett's  Court,  Islington,  London. 

£    s.    d. 

23^  feet  telescopes,  brass  mounted  on 
plain  pillar  and  claw  stand,  with  1  eye- 
piece for  astronomical  purposes  and  1 
for  land  objects,  to  vary  the  magnify- 
ing power,  packed  in  a  mahogany 
box 10  10  0 

Ditto,  ditto,  brass  mounted  on  pillar 
and  claw  stand,  with  elevating  rack,  1 
eyepiece  for  astronomical  purposes,  and 
1  for  laud  objects,  to  vary  the  magnify- 
iny  power,  packed  in  a  mahogany  box     12  12  0 

The  following  prices  of  the  same  kind  of  tele- 
scope are  from  the  catalogue  of  Messrs.  W.  and 
S.  Jones,  30  Lower  Holborn,  London. 

£    d.     s. 

The  improved  2io  feet  achromatic 
refractor,  on  a  brass  stand,  mahogany 
tube,  with  three  eyepieces,  two  magni- 
fying about  40  and  50  times  for  terres- 
trial objects,  and  the  other  about  75 
times  for  astronomical  purposes,  in  a 
mahogany  case  .  .  .  .    10  10  0 

Ditto,  ditto,  the  tube  all  brass,  with 
three  eyepieces  .  .      11  11 

Ditto,  ditto,  with  vertical  and  horizon- 
tal rack-work  motions  .      15  15 

2.  The  31^  feet  Achromatic  Telescope.  —  The 
object-glass  of  this  telescope  is  from  44  to  46 
inches  focal  length,  and  2?^  inches  diameter.  It 
is  generally  furnished  with  four  eyepieces,  two 
for  terrestrial  and  two  for  celestial  objects.  Tho 
lowest  power  for  land  object.^is  generally  about 
45,  which  affords  a  large  field  of  view,  and  ex- 
hibits the  objects  with  great  brilliancy.  The 
other  terrestrial  power  is  usually  from  65  to  70 
The  astronomical  powers  are  about  80  and  130, 
but  such  a  telescope  should  always  have  another 
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eyepiece,  to  produce  a  power  of  180  or  200  times, 
which  it  will  bear  with  distinctness,  in  a  serene 
state  of  t!»e  atmosj)here,  if  the  object-gl;iSs  be  truly 
achrotiiatic.  The  ilhaiiinaiinr/ power  in  this  tele- 
scope is  nearly  double  that  of  the  2)0  feet  telescope, 
or  in  the  |iro])orlioa  of  7.56  to  4,  and  therefore  it 
will  bear  about  double  tlie  magnifying  power  with 
nearly  ocjual  distinctness.  Tiiis  telescope  is  fitted 
up  in  a  manner  somewhat  similar  to  the  former, 
with  a  tripod  sfand  which  is  placed  upon  a  table. 
Sometimes,  liowever,  it  is  mounted  on  a  long  ma- 
hogany stand  which  rests  upon  the  floor  (as  in 
fig.  58,)  and  is  titled  with  an  equatorial  motion; 
and  has  generally  a  small  telescope  fixed  near  the 
eys  end  of  the  large  tube,  called  a.  finder,  vvhich 
serves  to  direct  the  telescope  to  a  parlicular  object 
in  tlie  heavens  when  the  higher  powers  are  ap- 
plied. It  is  likewise  eligible  that  it  should  have 
an  elevating  rack  and  sliding  tubes,  for  support- 
ing the  eye  end  of  the  instrument,  to  keep  it 
steady  during  astronomical  observations,  and  it 
would  be  an  advantage,  for  various  purposes 
whicii  shall  be  afterward  described,  to  have  fitted 
to  it  a  iliagonal  eyepiece  magnifying  40  times  or 
upward. 

The  prices  of  this   instrument,  as  marked  in 
Mr.  Tuiley's  catalogue,  are  as  foll"ows: 

£   s.d. 

The  3}. 2  feet  achromatic  telescooe, 
2^^  inches  aperture,  on  plain  pillar  and 
claw  stand,  2  eyepieces  for  astronomical 
purposes  and  1  for  land  objects,  to  vary 
the  magnifying  power,  packed  in  a  ma- 
hogany box        .        .        .  .         .     21     0  0 

Ditto,  ditto,  with  elevating  rack  and 
achromatic  finder,  2  eyepieces  for  as- 
tronomical purposes  and  1  for  day  ob- 
jects, to  vary  the  magnifying  power, 
packed  in  a  mahogany  bo.x  .         .    26    5  0 

The    following   are  the  prices  as  marked  in 
Messrs.  W.  and  S.  Jones's  catalogue: 

£    s.  d. 


The  3^2  f^et  achromatic,  plain  ma- 
hogany tube 

Ditto,  ditto,  brass  tube 

Ditto,  all  in  brass,  with  rack-work 
motions,  &c.         ..... 

Ditto,  the  object-glass  of  the  largest 
aperture,  and  the  rack-work  motions  on 
an  improved  principle,  from  £37  I6s.  to 

Ditto,  fitted  up  with  equatorial  mo- 
tion, framed  mahogany  stand,  divided 
altitude  and  azimuth  arches,  or  declina- 
tion and  right  ascension  circles,  &c., 
&c.,         .         .  .    from  £60  to 


18  0 
0  0 


26     5  0 


42    0  0 


80     0  0 


This  is  the  telescope  which  I  would  particularly 
recommend  to  astronomical  amateurs,  whose  pe- 
cuniary resources  do  not  permit  them  to  purchase 
more  expensive  instruments.  When  fitted  up 
with  the  eyepieces  and  powers  already  mentioned, 
and  with  a  finder  and  elevating  rack — price  25 
guineas — it  will  serve  ail  the  purposes  of  general 
observation.  By  this  telescope  satisfactory  views 
may  be  obtained  of  most  of  the  interesting  phe- 
nomena of  the  heavens — such  as  the  spots  on  the 
sun — the  mountains,  vales,  and  caverns  on  the 
lunar  surface — the  phases  of  Mercury  and  Venus 
— the  spots  on  Mars — the  satellites  and  belts  of 
Jupiter — the  ring  of  Saturn — many  of  the  more 
interesting  nebulse,  and  most  of  the  double  stars 
of  the  second  and  third  classes.  When  the 
object-glass  of  this  telescope  is  accurately  figured 
and  perfectly  achromatic,  a  power  of  from  200 
to  230  may  be  put  upon  it,  by  which  the  division 


of  Saturn's  ring  might  occasionally  be  perceived. 
It  is  more  easily  managed,  and  represent.--  objects 
considerably  brighter  than  reflecting  tebscopes 
of  the  same  price  and  magnifying  power,  and  it 
is  not  so  apt  to  be  deranged  as  reflectors  generally 
are.  A  telescope  of  a  less  size  would  not,  .n 
general,  be  found  satisfactory  for  viewing  the 
objects  I  liave  now  specified,  and  for  general  as- 
tronomical purposes.  It  may  not  be  improper,  for 
the  information  of  some  readers,  to  explain  vvhat 
is  meant  in  Mr.  Tuiley's  catalogue,  wlien  it  is 
stated  that  this  instrument  "  has  one  eye-ji.^ce  for 
day  objects,  to  vary  tlie  magnifying  poicery  The 
eyepiece  alluded  to  is  so  constructed,  that  by 
drawing  out  a  tube  next  the  eye  you  may  in- 
crease the  power  at  pleasure,  and  make  it  to  vary 
say  from  40  to  80  or  100  times;  so  that  ;uch  a 
construction  of  the  terrestrial  eyepi'ce  (to  bo 
afterward  explained)  serves,  in  a  great  "leasuro, 
the  purpose  of  separate  eyepieces.  T.'ie  whole 
length  of  the  3}^  feet  telescope,  when  the  terres- 
trial eyepiece  is  applied,  is  about  A}.^  feet  from 
the  object-glass  to  the  first  eyeglass. 

When  the  aperture  of  the  object-glass  of  thi^ 
telescope  exceeds  2?^  inches,  its  price  rapidly  ad- 
vances. 

The  following  is  Mr.  Tuiley's  scale  of  prices, 
proportionate  to  the  increase  of  aperture  : 

£   s.d 

3)2  f^®*'  telescopes,  33^  inches  aper- 
ture, with  vertical  and  horizontal  rack- 
work  motions,  achromatic  finder,  3 
eyepieces  for  astronomical  purposes, 
and  one  for  day  objects,  to  vary  the 
magnifying  power,  packed  in  a  maho- 
gany box  .         .         .         .  .    42     0  0 

Ditto,  ditto,  33^  inches  diameter, 
mounted  as  above         .... 


Ditto,  with  universal  equatorial  in- 
stead of  pillar  and  claw  stand 


68    5  0 


84    0  0 


Here,  in  the  one  case,  the  increase  of  half  an 
inch  in  the  diameter  of  the  object-glass  adds  about 
£16  to  the  expense,  and  in  the  other  case  no  less 
i.han  £26  5s.  The  proportion  of  light  in  those 
two  telescopes,  compared  with  that  of  23^  inches 
aperture,  is  as  follows:  The  square  of  the  2?^ 
object-glass  is  7.56;  that  of  3}^,  10.56;  and  that 
of  the  3%,  14.06;  so  that  the  light  admitted  by 
thr  33^  compared  with  the  2^.^  aperture  is  nearly 
as  10  to  7;  and  the  light  admitted  by  the  3'^^ 
objjct-glass  is  nearly  double  that  of  the  2^^ 
aperture,  and  will  bear  nearly  a  proportional  in- 
crease of  magnifying  power. 

3.  The  5  feet  Achromatic  Telescope. — The  focal 
length  of  the  object-glass  of  this  telescope  is  5 
feet  3  inches,  and  the  diameter  of  its  aperture  3 
8-10  inches.  The  usual  magnifying  powers  ap- 
plied to  it  are,  for  land  objects  65  times,  and  for 
celestial  objects  110, 190,  250,  and  sometimes  one 
or  two  higher  powers.  The  quantity  of  light  it 
possesses  is  not  much  larger  than  that  of  the  3y, 
feet  telescope,  with  3%  inches  aperture;  but  the 
larger  focal  length  of  this  telescope  is  considered 
to  be  an  advantage,  since  the  longer  the  focus  of 
the  object-glass,  the  less  will  be  its  chromatic  and 
splierical  aberrations,  and  the  larger  may  be  the 
eyeglasses,  and  the  flatter  the  field  of  view. 

Tlte  following  are  the  prices  of  these  telescopes, 
as  marked  in  Mr.  Tuiley's  catalogue: 

5  feet  telescopes,  3'^'^  inches  aperture,  on  a 
universal  equatorial  stand,  with  achromatic  finder 
4  eyepieces  for  astronomical  purposes  and  1  for 


iay  objects,  to  vary  the  magnifying 
power,  packed  in  a  mahogany  box, 
100  guineas  to  .         .         .         .     . 

7  feet  ditto,  5  inches  aperture,  on  a 
newly  improved  universal  equatorial 
stand,  6  eye|)ieces  for  astronomical  pur- 
poses and  1  for  day  objects,  to  vary  the 
magnifying  power,  with  achrojnatic 
fi  ader  and  Troughton's  micrometer, 
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£    s.d. 
157  10  0 


207     5  0 


The  above  are  all  the  kinds  of  achromatic  tele- 
s'.opes  generally  made  by  the  Loudon  opticians. 
Ihosfi  of  the  larger  kind,  as  5  and  7  feet  tele- 
scopes, and  the  3)v>  feet  with  3^.^  inches  aperture, 
are  generally  made  to  order,  and  are  not  always 
to  bt?  procured.  But  the  2^^  and  3}4  feet  achro- 
matics  of  2''^^  inclii's  aperture  are  gMieraily  to  be 
found  ready  made  at  most  of  the  opticians'  shops  in 
the  metropolis.  Tlie  prices  of  these  instruments  are 
nearly  the  same  in  most  of  the  opticians'  shops  in 
London.  Some  of  them  demand  a  higer  price,  but 
few  of  them  are  oversold  lower  tlian  what  has  been 
stated,  unless  in  certain  cases  where  a  discount  is 
allowed. 

The  stands  for  these  telescopes,  and  the  manner 
in  which  they  are  fitted  up  for  observation,  is 
represented    in  figures  57,  58,  and  59.     Fig.  57 

Fig.  57. 


rep  tsents  either  the  2'^  or  the  3%  feet  tele- 
sco,  es,  mounted  on  a  plain  brass  stand,  to  be 
plai  id  on  a  table.  A  is  the  long  eyepiece  for 
'an(  objects,  and  B  the  small  eyepiece  for  astro- 
nonrical  observation,  which  is  composed  of  two 
lenses,  and  represents  the  object  in  an  inverted 
position.  These  eyepieces  are  screwed  on,  as  oc- 
casion requires,  at  E,  the  eye  end  of  the  tele- 
scope. The  shorter  of  the  two  astronomical  eye- 
tubes  which  accompany  this  telescope  produces 
the  highest  magnifying  power.  For  adjusting 
the  telescope  to  distinct  vision,  there  is  a  brass 
knob  or  button  at  a,  which  moves  a  piece  of  rack- 
work  connected  with  the  eyetube,  which  must  be 
turned  either  one  way  or  the  other  until  the  ob- 
ject appears  distinctly,  and  different  eyes  frequent- 
ly require  a  different  adjustment. 

Fig.  58  represents  a  5  feet  telescope  fitted  up 
for  astronomical  observations.  It  is  mounted  on 
»  mahogany  stand,  the  three  legs  of  which  arc 
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made  to  close  up  together  by  means  of  the  brass 
frame  a  a  a,  whicli  is  composed  of  three  bars, 
connected  with  three  joints  in  the  center,  and 
three  ither  joints,  connected  with  the  three  ma- 
hoga^y  bars.     It  is  furnished  with  an  apparatus 


Fig.  58. 


for  equatorial  motions.  The  brass  pin  is  made  to 
move  round  in  the  brass  socket  b,  and  may  be 
tightened  by  means  of  the  finger  screw  d,  whea 
the  telescope  is  directed  nearly  to  the  object  in- 
tended to  be  viewed.  This  socket  may  be  stit  per- 
pendicular to  the  horizon,  or  to  any  other  required 
angle;  and  the  quantity  of  the  angle  is  ascertained 
by  the  divided  arc,  and  the  instrument  made  fast 
in  that  position  by  the  screw  e.  If  this  socket  bo 
set  to  the  latitude  of  the  place  of  observation,  and 
the  plane  of  this  arc  be  turned  so  as  to  be  in  the 
plane  of  the  meridian,  the  socket  b  being  fixed  to 
the  inclination  of  the  pole  of  the  earth,  the  tele- 
scope, when  turned  in  this  socket,  will  have  an 
equatorial  motion,  so  that  celestial  objects  may  be 
always  kept  in  view  when  this  equatorial  motion 
is  performed.  The  two  handles  at  k,  are  connect- 
ed with  rack-work,  intended  to  move  the  tele- 
scope in  any  required  direction.  The  two  sets  of 
brass  sliding  rods,  t  i,  are  intended  to  render  the 
telescope  as  steady  as  possible,  and  to  elevate  and 
depress  it  at  pleasure,  and  are  so  constructed  as  to 
slide  into  each  other  with  the  utmost  ease. 

The  finder  is  placed  at  A  E,  either  on  the  top 
or  the  left  side  of  the  tube  of  the  telescope.  When 
high  magnifying  powers  are  applied  to  any  tele- 
scope, it  is  sometimes  difficult,  on  account  of  the 
smallness  of  the  field  of  view,  to  direct  the  main 
tube  of  the  telescope  to  the  object.  But  by  the 
finder,  which  is  a  telescope  with  a  small  power, 
and  consequently  has  a  large  field  of  view, 
when  directed  to  any  object,  it  is  easily  found, 
and  being  brought  to  the  center  of  the  field,  where 
two  cross-hairs  intersect  each  other,  it  v^ill  then 
be  seen  in  the  larger  telescope.  B  is  the  eyetube 
for  terrestrial  objects,  containing  four  glasses,  and 
C  one  of  the  astronomical  eyepieces.  A  socket 
is  represented  at  c/,  containing  a  stained  glass, 
which  is  screwed  to  any  of  the  eyepieces,  to  pro- 
tect the  eye  from  the  glare  of  light,  when  view- 
ing the  spots  of  the  sun.  The  brass  nut  above  f 
is  intended  for  the  adjustment  of  the  eyepiace  to 
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distinct  vision.     The.  3}o  feet  telescope  is  some- 
times mounted  in  tliis  form. 

Fig.  59  represents  a  5  or  6  feet  telescope,  mount- 

Fig.  59. 


ed  on  a  stand  of  a  new  construction  by  Doilond. 
It  possesses  the  advantage  of  supporting  the  tele- 
scope in  two  places,  which  renders  it  extremely 
steady,  a  property  of  great  importance  when 
viewing  celesti;d  objects  with  high  magnify- 
ing powers.  It  possesses,  likewise,  the  advantage 
of  enabling  the  obser\'er  to  continue  seated  at  the 
same  liight  from  the  floor,  aithougli  the  telescope 
be  raised  to  any  altitude,  iAe  elevation  hving  entire- 
ly at  the  object  eivl,  altliough  it  may  be  changed 
from  the  horizon  to  the  zenith.  The  framework 
is  composed  of  bars  of  maliogany,  and  rests  on 
three  castors,  two  of  which  are  made  fast  to  their 
respective  legs  in  llie  usual  way,  and  the  third 
stands  under  the  middle  of  the  lower  horizontal 
bar  that  connects  the  two  opposite  legs,  so  that 
the  frame  has  all  the  advantages  of  a  tripod.     As 


it  becomes  very  inconvenient  to  stoop  to  the  eye 
end  of  a  telescope  when  the  altitude  of  an  objoct 
is  considerable,  and  the  center  of  motion  >it  the 
middle  of  the  tube,  this  construction  of  a  stand 
serves  to  remedy  such  inconvenience. 

TROPORTIONS    OF  CURVATURE   OF  THE  LENSE8    WIUCH 
FORiM    A\    ACHROMATIC    OBJECT-GLASS. 

As  some  ingenious  mechanics  may  feel  a  de?ii8 
to  attemi)t  the  construction  of  a  compound  achro- 
matic object-glass,  I  shall  here  state  some  of  the 
proportions  of  curvature  of  the  concave  and  con- 
vex loises  which  serve  to  guide  opticians  in  their 
construction  of  achromatic  instruments.  These 
proportions  are  various;  and  even  when  demon- 
strated to  be  mathematically  correct,  it  is  some- 
times difficult  to  reduce  them  to  practice,  on  ac- 
count of  the  difTerent  powers  of  refraction  and 
dispersion  possessed  by  different  discs  of  crown 
and  flint  glass,  and  of  the  difficulty  of  producing, 
by  mechanical  means,  the  exact  curves  which 
theory  requires.  The  following  table  sliovvs  the 
radii  of  curvature  of  the  dilFerent  surfaces  of  the 
lenses  necessary  to  form  a  double  achromatic  ob- 
ject-glass, it  being  supposed  that  the  sine  of  re- 
fraction in  the  crown-glass  is  as  1.528  to  1,  and 
in  the  flint  as  1.57.S5  to  one,  the  ratio  of  their 
dispersive  powers  being  as  1  to  1.524.  It  is  also 
assumed  that  the  curvatures  of  the  concave  lens 
are  as  1  to  2,  that  is,  that  the  one  side  of  this  lens 
is  ground  on  a  tool,  the  radius  of  which  is  double 
that  of  the  other.  The  1st  column  expresses  the 
compound  focus  of  the  object-glass  in  inches; 
the  2d  column  states  the  radius  of  the  anterior 
surface  of  the  crown,  and  column  3d  its  posterior 
side.  Column  4th  expresses  the  radius  of  the  an- 
terior surface  of  the  concave  lens,  and  column  5th 
its  posterior  surfice,  which,  it  will  be  observedi 
is  exactlv  double  that  of  the  other. 
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From  the  preceding  table  it  will  be  seen  that, 
to  construct,  for  example,  a  30  inch  compound 
object-glass,  the  radius  of  the  anterior  sitie  of  the 


Focal 
length. 

Convex  lens  of  Crown 

glass. 

Concave  lens  of  flint 

glass. 

Convex  lens  o 

'  crown  glass. 

Inches. 

Inc.    Dec. 

Inc. 

Dec. 

Inc.     Dec. 

Inc. 

Dec. 

Inc.     Dec. 

Inc.     Deo. 

6 

4.       54 

3. 

03 

3.      fl3 

6. 

36 

6.     36 

.      64 

9 
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4. 

56 

4.      56 

9. 

54 

9.      54 

.     92 

12 

9.     25 

6. 

17 

6.      17 
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18 

13.      67 

9. 

12 

9.      12 

19. 

08 

19.     08 
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48 
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36 

27.     36 
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28 

57.     28 

5.     76 
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45.     42 
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33 

30.     33 

63. 

58 

63.      58 

6.     4        , 

erown  must  be  7t^  inches,  and  that  of  the  poste-  I  surface  of  the  concave  10.428,  and   that  of  the 
rloi  side  11.63  inches;  the  radius  of  the  anterior  I  posterior  20.856  inches.     It  may  be  prosier  to  ob- 
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Bcrre,  that  In  these  computations,  the  radius  of 
the  anterior  surface  of  the  concave  is  less  than 
the  posterior  side  of  the  convex,  and  consequently 
admits  of  its  approach,  without  touciiing  in  the 
center — a  circumstance  which  always  requires  to 


be  guarded  against  in  the  combination  of  achro- 
matic glasses.  The  preceding  table  sliows  the 
radii  of  curvature  of  the  lenses  of  a.  triple  ebject- 
glass,  calculated  from  formula  deduced  by  Dr. 
Robison  of  Edinburgh. 


The  following  table  contains  the  proportions  of  curvature  said  to  be  employed  by  the  London 
•pticians: 
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length. 
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96 
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38 
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26.      38 
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45 

48 

30. 

16 

35.     96 
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96 

54 

33. 

91 

40.      45 

31.     27 

33.     91 

40. 

45 

GO 

37. 

68 
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37.      68 

44. 

m 

From  this  table  it  appears  that  the  two  convex 
icnses  have  the  same  radii  of  their  respective  sides, 
and  that  the  concave  flint  lens  has  its  two  sur- 
6ices  equally  concave,  so  that  a  triple  object-glass 
formed  according  to  these  proportions  would  re- 
quire only  three  pair  of  grinding  tools.  The  fol- 
lowing are  the  curves  of  the  lenses  of  one  of  the 
best  of  Dollond's  achromatic  telescopes,  the  focal 
length  of  the  compound  object-glass  being  46 
inches.  Reckoning  from  the  surface  next  the  ob- 
ject, the  radii  of  the  crown  glass  were  23  and  40 
inches;  the  concave  lens  20.9  inches,  and  the 
inner  crown  glass  lens  28.4  and  28.4  inches.  This 
telescope  carried  magnifying  powers  of  from  100 
to  200  times. 

Although  I  have  inserted  the  above  tables, 
which  might,  in  some  measure,  guide  an  ingeni- 
ous artist,  yet,  on  the  whole,  a  private  amateur 
has  little  chance  in  succeeding  in  such  attempts. 
The  diversity  of  glasses,  and  the  uncertainty  of 
an  unpracticed  workman's  producing  the  precise 
curvature  he  intends,  is  so  great,  that  the  object- 
glass,  for  the  most  part,  turns  out  different  from 
nis  expectations.  The  great  difficulty  in  the  con- 
struction is  to  find  the  exact  proportion  of  the 
dispersive  powers  of  the  crown  and  flint  glass. 
The  croivn  is  pretty  constant,  but  there  are  hardly 
two  pots  of  flint  glass  which  have  the  same 
dispersive  power.  Even  if  constant,  it  is  difficult 
to  measure  it  accurately;  and  an  error  in  tliis 
greatly  affects  the  instrument,  because  the  focal 
distances  of  the  lenses  must  be  nearly  as  their 
dispersive  powers.  In  the  two  preceding  tables, 
the  sine  of  incidence  in  the  crown  glass  is  sup- 
posed to  be  to  the  sine  of  refraction  as  1.526  to  1 ; 
and  in  the  flint  glass,  as  1.604  to  one.  Opticians 
who  make  great  numbers  of  lenses,  both  of  flint 
and  crown  glass,  acquire,  in  time,  a  pretty  good 
guess  of  the  nature  of  the  errors  which  may  re- 
main after  they  have  finished  an  object-glass;  and 
having  many  lenses  intended  to  be  of  the  same 
form,  but  unavoidably  differing  a  little  from  it, 
they  try  several  of  the  concaves  with  the  two 
convexes,  and  finding  one  better  than  the  rest, 
they  make  use  of  it  to  complete  the  set.  In  this 
way  some  of  the  best  achromatic  telescopes  are 
frequently  formed  I  have  sometimes  found, 
when  supplying  a  concave  flint  glass  to  a  tele- 
scope where  it  happened  to  be  wanting,  that,  of 
four  or  five  concave  lenses  which  appeared  to  be 


the  same  as  to  curvature  and  other  properties, 
only  one  was  found  to  produce  a  distinct  and  col- 
orless image.  Should  any  one,  however,  wish  to 
attempt  the  construction  of  an  achromatic  tele- 
scope, the  best  way  for  preventing  disappoint- 
ments in  the  result  is  to  procure  a  variety  of 
tables  of  the  respective  curvatures  founded  on 
different  conditions,  and  which,  of  course,  require 
the  surfaces  of  the  several  lenses  to  be  af  differ- 
ent curves.  Having  lenses  of  different  radii  at 
his  command,  and  liaving  glass  of  different  re- 
fractive or  dispersive  powers,  when  one  combina- 
tion does  not  exactly  suit,  he  may  try  anothe-. 
and  ultimately  may  succeed  in  constructing  a 
good  achromatic  telescope;  for,  in  many  cases,  it 
has  been  found  that  chance,  or  a  happy  combina- 
tion of  lenses  by  trial,  has  led  to  the  formation 
of  an  excellent  object-glass. 

ACHROMATIC   TELESCOPES    COMPOSED    OF   FLUID 
LE.N'SES. 

The  best  achromatic  telescopes,  when  minutely 
examined,  are  found  to  be  in  some  respects  defec- 
tive, on  account  of  that  slight  degree  of  color 
wiiich,  by  the  aberration  of  the  rays,  they  give  to 
objects,  unless  the  object-glass  be  of  small  diame- 
ter. When  we  examine  witli  attention  a  good 
achromatic  telescope,  we  find  that  it  does  not  show 
white  or  luminous  objects  perfectly  free  from 
color,  their  edges  being  tinged  on  one  side  with 
a  claret  colored  fringe,  and  on  the  other  with  a 
green  fringe.  This  telescope,  therefore,  required 
further  improvement,  to  get  rid  of  these  secondary 
colors,  and  Father  Boscovich,  to  whom  every 
branch  of  optics  is  much  indebted,  displayed  much 
ingenuity  in  his  attempts  to  attain  this  object. 
But  it  is  to  Dr.  Blair,  professor  of  astronomy  in 
Edinburgh,  that  we  are  chiefly  indebted  for  the 
first  successful  experiments  by  which  this  end 
was  accomplished.  By  a  judicious  set  of  experi- 
ments, he  proved  that  the  quality  of  dispersing 
the  rays  in  a  greater  degree  than  crown  glass  is 
not  confined  to  a  few  mediums,  but  is  possessed 
by  a  great  variety  of  fluids,  and  by  some  of  these 
in  a  most  extraordinary  degree.  Having  observed 
that  when  the  extreme  red  and  violet  rays  were 
perfectly  united,  the  green  were  left  out,  he  con- 
ceived the  idea  of  making  an  achromatic  concave 
lens  which  should  refract  the  green  less  than  th» 


78 


THE   PRACTICAL  AS'tRONOMER. 


united  red  and  vioiet,  and  an  achromatic  convex 
lens  wiiicli  Hliould  do  the  same;  and  as  tlie  concave 
lens  refracted  the  outstanding  green  to  the  axis, 
while  tiie  concave  one  refracted  them  from  tiie 
axis,  it  followed  that,  by  a  combination  of  these 
two  ojjposite  effects,  the  green  would  be  united 
with  tiie  red  and  violet. 

By  means  of  an  ingenious  prismatic  apparatus, 
he  examined  the  optical  properties  of  a  great  va- 
riety of  fluids.  The  solutions  of  metals  and 
seini-metals  proved  in  all  cases  more  dispersive 
than  crown  glass.  Some  of  the  salts,  such  as  sal 
ammoniac,  greatly  increased  the  dispersive  power 
of  water.  The  marine  acid  disperses  very  con- 
siderably, and  tliis  quality  increases  with  its 
strength.  The  most  dispersive  fluids  were  accor- 
dingly found  to  be  those  in.  which  this  acid  and 
the  metals  were  combined.  The  chemical  prepa- 
ration called  causiicum  antiinoniale,  or  butter  of 
antimony,  in  its  most  concentrated  state,  when  it 
lias  just  attracted  sufficient  humidity  to  render  it 
fluid,  possesses  the  quality  of  dispersing  the  rays 
in  an  astonishing  degree.  The  great  quantity  of 
the  semi-metal  retained  in  solution,  and  the  highly 
concentrated  state  of  the  marine  acid,  are  con- 
sidered as  the  cause  of  this  striking  effect.  Cor- 
rosive sublimate  of  mercury,  added  to  a  solution 
of  sal  ammoniac um  in  water,  possesses  the  next 
place  to  the  butter  of  antimony  among  the  disper- 
sive fluids  which  Dr.  Blair  examined.  The  es- 
sential oils  were  found  to  hold  the  next  rank  to 
metallic  solutions  among  fluids  which  possess  the 
dispersive  quality,  particularly  those  obtained 
from  bituminous  minerals,  as  native  petrolea,  pit- 
coal,  and  amber.  The  dispersive  power  of  the 
essential  oil  of  sassafras,  and  the  essential  oil  of 
lemons,  when  genuine,  were  found  to  be  not 
much  inferior  to  any  of  these.  But  of  all  the 
fluids  fitted  for  optical  purposes,  Dr.  Blair  found 
that  the  muriatic  acid  mixed  with  a  metallic  solu- 
tion, or,  in  other  words,  a  fluid  in  which  the  ma- 
rine acid  and  metalline  particles  hold  a  due  pro- 
portion, most  accurately  suited 
Fig.    GO.  his    purpose.      In   a   spectrum 

formed   by  this  fluid,  the  green 
C  A  E    were  among  the   most    refran- 

gible rays;  and  when  its  dis- 
persion was  corrected  by  that 
of  glass,  there  was  produced 
an  inverted  secondary  spec- 
trum, that  is,  one  in  which  the 
green  was  above,  when  it  would 
have  been  below  with  a  com- 
mon medium.  He  therefore 
placed  a  concave  lens  of  muri- 
atic acid  with  a  metallic  solu- 
tion between  the  two  lenses, 
as  in  fig.  60,  where  A  B  is  the 
concave  fluid  lens,  C  F  a  pla- 
no-convex lens,  with  its  plane 
side  next  the  object,  and  jfi  Z)a 
meniscus.  With  this  object- 
'  D  glass  the  rays  of  different  col- 
ors were  bent  from  their  recti- 
lineal course  with  the  same  equality  and  regularity 
as  in  reflection. 

Telescopes  constructed  with  such  object-glasses 
were  examined  by  the  late  Dr.  Robison  and  Pro- 
fessor Playfair.  The  focal  distance  of  the  object- 
glass  of  one  of  these  did  not  exceed  17  inches,  and 
yet  it  bore  an  aperture  of  3V^  inches.  They 
viewed  some  single  and  double  stars  and  some 
common  objects  with  this  telescope,  and  found  that 
in  magnifying  power,  brightness,  and  distinctness, 
it  was  manifestly  superior  to  one  of  Mr.  Dollond's 
of  42  inches  focal  length.     They  had  most  dis- 


tinct vision  of  a  star,  when  using  an  erecting  eytt- 
piece,  which  made  this  telescope  magnify  more  than 
100  times,  and  they  found  the  field  of  vision  as 
uniformly  distinct  as  with  Dollond's  42  inch  tele- 
scope, magnifying  46  times,  and  were  led  to  ad- 
mire the  nice  figuring  and  centering  of  the  very 
deep  eyeglasses  which  were  necessary  for  this  am- 
plification. They  saw  double  stars  with  a  degree 
of  perfection  which  astonished  them.  These  te- 
lescopes, however,  have  never  yet  come  into  gene- 
ral use;  and  one  reason, perhaps,  is,  that  they  are 
much  more  apt  to  be  deranged  than  telescopes 
constructed  of  object-glasses  which  are  solid.  If 
any  species  of  glass,  or  other  solid  transparent 
substance  could  be  found  with  the  same  optical 
properties,  instruments  might  perhaps  be  con- 
structed of  a  larger  size,  and  considerably  superior 
to  our  best  achromatic  telescopes.*  It  is  said  that 
Mr.  Blair,  the  son  of  Dr.  Blair,  some  years  ago  en- 
gaged in  prosecuting  his  father's  views,  but  I  have 
not  heard  anything  respecting  the  result  of  hi3 
investigations. 

barlow's    REFRACm.VG    TELESCOPE    WITH    A     FLUID 
CONCAVE    LENS. 

Professor  Barlow,  not  many  years  ago  suggested 
a  new  fluid  telescope,  which  is  deseiTing  of  atten- 
tion, and  about  the  year  1S29  constructed  one  of 
pretty  large  dimensions.  The  fluid  he  employs 
for  this  purpose  is  the  sulphuret  of  carbon,  which 
he  found  to  be  a  substance  which  possessed  every 
requisite  he  could  desire.  Its  index  is  nearly  thd 
same  as  that  of  the  best  flint  glass,  with  a  disper- 
sive power  more  than  double.  It  is  perfectly  co- 
lorless, beautifully  transparent,  and,  altiiough  very 
expansible,  possesses  the  same,  or  very  nearly  the 
same,  optical  properties  under  all  circumstancoi 
to  which  it  is  likely  to  be  exposed  in  astronomi- 
cal observations,  except,  perhaps,  direct  observa- 
tions on  tlie  solar  disc,  which  will  probably  b* 
found  inadmissible.  Mr.  Barlow  first  construc'.oi 
an  object-glass  with  this  fluid  of  three  inches  aper- 
ture, with  which  he  could  see  the  small  star  in 
Polaris  with  a  power  of  46,  and  with  the  higher 
powers  several  stars  which  are  considerea  to  re- 
quire a  good  telescope,  for  example,  70, p  O'^hiuchi, 
29  Bootes,  the  quadruple  star  t  Lyrae^ii;  Aquarii,  ct 
Herculis,  &lc.  He  next  constructed  a  6  inch  ob- 
ject-glass. VV^ith  this  instrument,  the  small  star 
in  Polaris  is  so  distinct  and  brilliarnt,  with  a  power 
of  143,  that  its  transit  might  be  tsJien  with  the  ut- 
most certainty.  As  the  modfl  of  constructing 
these  telescopes  is  somewhat  kjc  vol,  it  may  be  expe- 
dient to  enter  somewhat  into  detail. 

In  the  usual  construction  of  achromatic  tele- 
scopes, the  two  or  three  le.nses  composing  the  ob- 
ject-glass are  brought  iuto  immediate  contact; 
and  in  the  fluid  telescope  of  Dr.  Blair,  the  con- 
struction was  the  same,  the  fluid  having  been  in- 
closed in  the  object-glaas  itself.  But  in  Mr.  Bar- 
low's telescope,  the  flttid  correcting  lens  is  placed 
at  a  distance  from  the  plate  lens  equal  to  half  its 
focal  length,  and  it  might  be  carried  still  farther 
back,  and  yet  posjeas  dispersive  power  to  render 
the  object-glass  sichromatic.  By  this  means,  the 
fluid  lens,  whic'/i  is  the  most  diificult  part  of  the 
construction,  ii  seduced  to  one-half,  or  to  less  than 
one-half  of  tba  size  of  the  plate  lens;  consequently, 
to  construct  a  telescope  of  10  or  12  inches  aper- 


*  For  a  n»Tf«  partionlar  account  of  Dr.  Blair's  instruments 
ond  Ciiper.vnents,  the  reader  is  referred  to  his  Dissertatioi 
OR  thie  subj-jct  in  vol.  ii,  of  the  "  Transactions  of  the  Roya. 
Society  of  Edinburgh,"  which  occupies  70  pages,  or  to  Nichol- 
son's "  Journal  of  Natural  Philosophy,"  &c.,  iiuaito  «eri«^ 
vol.  i,  April— September,  1797. 
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*ure  involves  no  greater  difficulty  in  the  manipu- 
lation than  in  making  a  telescope  of  the  usual 
description  of  5  or  6  inches  aperture,  except  intlie 
simple  plate  lens  itself;  and,  hence,  a  telescope  of 


this  kind  of  10  or  12  feet  length  will  be  equiva- 
lent, in  its  focal  power,  to  one  of  16  or  20  feet.  By 
this  means  the  tube  may  be  shorteueJ  several  feet, 
and  yet  possess  a  focal  power  more  considerable  tliaa 


Fig.  61. 


eould  be  conveniently  given  to  it  on  the  usual 
principle  of  construction.  This  will  be  better  un- 
derstood from  the  above  liiagram  (hg.  61). 

In  this  figure  A  B  C  D  r-epresent  the  tube  of 
the  6  incli  telescope,  C  D  the  plate  object-glass, 
F  the  first  focus  of  rays,  d  e  the  fluid  concave  lens, 
distant  from  the  former  24  inches;  the  focal  length 
M  F  being  48,  and,  consequently,  as  46  :  6  :  :  24: 
3  inches,  the  diameter  of  the  fluid  lens.  The  re- 
sulting compound  focus  is  62.5  inches.  It  is 
obvious,  therefore,  that  the  rays  d  f,  e  f,  arrive  at 
the  focus  under  the  same  convergency,  and  with 
the  same  light  as  if  they  proceeded  from  a 
lens  of  six  inches  diameter,  placed  at  a  distance 
beyond  the  object-glass  CD  (as  6?  H),  determined 
by  producing  those  rays  until  they  meet  the 
eides  of  the  tube  in  G  H,  namely,  at  62.5 
inches  beyond  the  fluid  lens.  Hence,  it  is  obvi- 
ous, the  rays  will  convarge  as  they  would  do  from 
an  object-glass,  G  H,  of  the  usual  kind  with  a  fo- 
cus of  10  feet  5  inches.  We  have  thus,  therefore, 
•hortened  the  tube  38.5  inches,  or  have  at  least 
the  advantage  of  a  focus  38.5  inches  longer  than  I 
our  tube;  and  the  same  principle  may  be  carried 
much  further,  so  as  to  reduce  the  usual  length  of 
refracting  telescopes  nearly  one  half,  without  in-  \ 
creasing  the  aberration  in  the  first  glass  beyond 
the  least  that  can  possibly  belong  to  a  telescope  of 
the  usual  kind  of  the  whole  length.  It  should 
likewise  be  observed,  that  the  adjustment  for  focus 
may  be  made  either  in  the  usual  way  or  by  a 
slight  movement  of  the  fluid  lens,  as  in  the  Gre- 
gorian Reflectors  by  means  of  the  small  specu- 
lum. 

Mr.  Barlow  afterward  constructed  another  larger 
telescope  on  the  same  principle,  the  clear  aperture 
ef  which  is  "J/^  inches.  Its  tube  is  11  feet,  which, 
together  with  the  eyepiece,  makes  the  whole 
length  12  feet,  but  its  eftective  focus  is,  on  the 
principle  stated,  18  feet.  It  carries  a  power  of  700  on 
the  closest  double  stars  in  South's  and  Herscljel's 
catalogue,  and  the  stars  are,  with  that  power, 
round  and  defined,  although  the  field  is  not  then 
so  bright  as  could  be  desired.  The  telescope  is 
mounted  on  a  revolving  stand,  which  works  with 
considerable  accuracy  as  an  azimuth  and  altitude 
instrument.  To  give  steadiness  to  the  stand,  it 
has  been  made  substantial  and  heavy,  its  weight 
by  estimation  being  about  400  pounds,  and  that 
of  the  telescope  130  pounds,  yet  its  motions  are  so 
smooth,  and  the  power  so  arranged,  that  it  may 
be  managed  by  one  person  with  the  greatest  ease, 
the  star  being  followed  by  a  slight  touch,  scarcely 
exceeding  that  of  the  keys  of  a  piano-forte.  The 
focal  length  of  the  plate  lens  is  78  inches,  and 
of  llie  fluid  lens  59.8  inches;  which,  at  the  dis- 
tance of  40  inches,  produce  a  focal  length  of  104 
inches,  a  total  length  of  12  feet,  and  an  equivalent 
focus  of  18  feet.  The  curves  of  the  parallel  me- 
niscus checks  for  containing  the  fluid  are  30  inches 
and  144  inches,  the  latter  toward  the  eye.  The 
curves  for  the  plate  lens  are  56.4  and  144.  There 
is  an  interior  tube  5  inches  diameter,  and  3  feet 


6  inches  long,  which  carries  the  cell  in  which  tha 
:  fluid    is  inclosed,  and  an  apparatus   by  whicli    it 
j  may  be  moved  backward  ana  forward,  so  that  the 
proper  adjustment  may  be  made  for  color  in  tho 
first  instance,  and  afterward  the  focus  is  obtained 
i  by  the    usual    rack-work    motion.      Tiie   follow- 
!  ing  is  the  mode  by  which  the  fluid  was  inclosed. 
'  Alter  the  best  position  has  been  determined  prac- 
tically for  the  checks  forming  the  fluia  lens,  tiies«, 
with  the  ring  between  them,  ground  and  polished 
accurately  to  the  same  curves,  are  applied  together, 
and  taken  into  an  artificial  high   temjjerature,  ex- 
ceeding the  greatest  at  which  the  telescope  is  ever 
j  expected  to  be  used.     After  remaining  here  with 
I  the  fluid  some  time,  the  space  between  the  glasses 
1  is  completely  filled,    immediately  closed,    cooled 
down  by  evaporation,  and  removed  into  a  lower 
[  temperature.     By  this  means  a  sudden  condensa- 
tion takes  place,  an  external  pressure  is  brouo-ht 
;  on  the  checks,  and  a  bubble  formed  inside,  v/hicb 
is,  of  course,  filled  with    the   vapor    of  the  fluid; 
the   excess  of  the   atmospheric  pressure    bej'ond 
that  of  the  vapor  being  afterward  always  acting 
externally  to  prevent  contact.    The  extreme  edges 
are  then  sealed  with  the  serum  of  human  blood, 
or  by  strong  fish  glue,  and  some  thin  pliable  me- 
tal surface.     By  this  process,  Mr.  Barlow  sa)'s,  "  I 
have  every  reason  to  believe  the  lens  becomes  as 
durable  as  any  lens  of  solid  glass.     At  all  events, 
I  have  the  satisfaction  of  stating,  that  my  first  3 
inch  telescope  has  now  been  completed  more  thaa 
fifteen  months,  and  that  no  change  whatever  has 
taken  place  in   its  performance,  nor  the  least  per- 
ceptible alteration    either  in  the  quantity  or  the 
quality  of  the  fluid." 

The  following  are  some  of  the  observations 
which  have  been  made  with  this  telescope,  and  tho 
tests  to  which  it  has  been  subjected.  The  very 
small  star  which  accompanies  the  pole  star  is  ge- 
nerally one  of  the  first  tests  applied  to  telescopes. 
This  small  point  of  light  appeared  brilliant  and 
distinct;  it  was  best  seen  wit.h  a  power  of  12l»,  but 
was  visible  with  a  power  of  700.  The  small  star 
in  Aldebaran  was  very  distinct  with  a  power  of 
120.  The  small  star  at  LyriB  was  distinctly  visible 
with  the  same  power.  The  small  star  called  by 
Sir  J.  Herschel  Debilissima,  between  4  «  and  5  Ly- 
rse,  whose  existence,  he  says,  could  not  be  sus- 
pected in  either  the  5  or  7  feet  equatorial,  and  in- 
visible also  with  the  7  and  10  feet  reflectors  of  6 
and  9  inches  aperture,  but  seen  double  with  tho 
20  feet  reflector,  is  seen  very  satisfactorily  double 
with  this  telescope,  «  Persei,  marked  as  double  in 
South  and  Herschel's  catalogue,  at  the  distance  of 
28",  with  another  small  star  at  the  distance  of  3' 
67",  is  seen  distinctly  sixfold,  four  of  the  small 
stars  being  within  a  considerably  less  distance 
than  the  remote  one  of  «  marked  in  the  catalogue. 
And,  rejecting  the  remote  star,  the  principal  and 
the  four  other  stars  form  a  miniature  representa- 
tion of  Jupiter  and  his  satellites,  three  of  them 
being  nearly  in  a  line  on  one  side,  and  tho  other 
on  tho  opposite.     Castor  is  distinctly  double  with 
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120,  and  well  opened,  and  stars  perfectly  round 
with  360  and  700.  y  Leonis  and  a.  Pidcium  are 
seen  with  the  same  powers  equally  round  and  dis- 
tinct. In  I  Bootis,  the  small  star  is  well  separated 
from  the  larger,  and  its  blue  color  well  marked 
with  a  power  of  360.  n  Corouie  Borealis  is  seen 
double  with  a  power  of  360  and  700.  52  Orionis, 
^  Orionis  and  others  of  the  same  class,  are  also 
well-define<i  with  the  same  powers.  In  regard  to 
the  planets  which  happened  to  be  visible,  Venus 
appeared  beautifully  wliite  and  well-defined  with 
a  power  of  120,  but  showed  some  color  with  360. 
Saturn  with  the  120  power  is  a  very  brilliant  ob- 
ject, the  double  ring  and  belts  being  well  and  satis- 
factorily defined,  and  with  the  360  power  it  is  still 
very  fine.  The  moon  also  is  remarkably  beauti- 
ful, the  edges  and  the  sliadows  being-well  marked, 
while  the  quantity  of  light  is  such  as  to  bring  to 
view  every  minute  distinction  of  figure  and  shade. 
The  principal  objections  that  may  be  made  to 
this  construction  of  a  telescope  are  such  as  tliese  : 
Can  the  fluid  be  permanently  secured?  Will  it 
preserve  its  transparency  and  other  optical  proper- 
ties? Will  it  not  act  upon  the  surface  of  the  glass 
and  partially  destroy  it?  &c.  To  such  inquiries 
Mr.  Barlow  replies,  that  experience  is  the  only 
test  we  have;  our  spirit  levels,  spirit  thermome- 
ters, &c.,  show  that  some  fluids,  at  least,  may  be 
preserved  for  many  years  without  experiencing 
any  change,  and  without  producing  any  in  the 
appearance  of  the  glass  tubes  containing  them. 
But  should  any  of  these  happen,  except  the  last, 
nothing  can  be  more  simple  than  to  supply  the 
means  of  replacing  the  fluid  at  any  time,  and  by 
any  person,  without  disturbing  the  adjustment  of 
the  telescope.  He  expresses  his  hope  that,  should 
these  experiments  be  prosecuted,  an  aciiromatic 
telescope  shall  ultimately  be  produced  which  shall 
exceed  in  aperture  and  power  any  instruments  of 
the  kind  hitherto  attempted.  If  the  prejudice 
against  the  use  of  fluids  could  be  removed,  he 
feels  convinced  that  well-directed  practice  would 
soon  lead  to  the  construction  of  the  most  perfect 
instruments,  on  tliis  principle,  at  a  comparatively 
small  expense.  "  I  am  convinced,"  he  says, 
"judging  from  what  has  been  paid  for  large  ob- 
ject-glasses, that  my  telescope,  telescope  stand, 
and  the  building  for  observation,  with  every  other 
requisite  convenience,  have  been  constructed  for 
a  less  sum  than  would  be  demanded  for  the  object- 
glass  oidy,  if  one  could  be  produced  of  the  same 
diameter  of  plate  and  flint  glass;  and  this  is  a 
consideration  which  should  have  some  weight. 
and  encourage  a  perseverance  in  the  principle  of 
construction."* 

Rogers's  achro.matic  telescope  on  a  new  plan. 

The  object  of  this  construction  is  to  render  a 
small  disc  of  flint  glass  available  to  perform  the 
office  of  compensation  to  a  much  larger  one  of 
crown  glass,  and  thus  to  render  possible  the  con- 
struction of  telescopes  of  much  larger  aperture 
than  are  now  common,  without  hindrance  from 
the  difficulty  at  present  experienced  in  procuring 
large  discs  of  flint  glass.  It  is  well  known  to 
those  who  are  acquainted  with  telescopes,  that  in 


•  A  more  detailed  account  of  the  processes  connected  with 
the  constrnction  of  this  telescope  will  be  found  in  a  paper 
presented  to  the  Royal  Society  in  lSi!7,  and  published  in 
the  rhilosophical  Transactions  of  that  Society  for  1828,  and 
likewise  another  paper,  published  in  the  Transactions  for 
1829.  From  these  docnments,  chiefly,  the  precedinj^  ac- 
count has  been  abridsed.  See  also  the  "  Edinburj;h  New 
Philosophical  Journal"  for  January — April,  1828,  and  Brews- 
tor's  "  Edinburgh  Journal  of  Science"  foi  October,  1829. 


the  construction  of  an  ordinary  achromatic  object- 
glass,  in  which  a  single  crown  lens  is  compensa- 
ted by  a  single  one  of  flint,  the  two  lenses  aumit 
of  being  separated  only  by  an  interval  too  small 
to  alFord  any  material  advantage,  in  diminlsliing 
the  diameter  of  the  Jlint  lens,  by  placing  it  in  a 
narrow  part  of  the  cone  o.f  rays,  the  actual  amount 
of  their  difference  in  point  of  dispersive  power 
being  such  as  to  render  the  correction  of  the 
chromatic  aberration  impossible  when  their  mu- 
tual distance  exceeds  a  certain  limit.  This  incon- 
venience Mr.  Rogers  proposes  to  obviate  by  em- 
ploying, as  a  correcting  lens,  not  a  single  lens  of 
flint,  but  a  com])Ound  one  consisting  of  a  ct^nvex 
crown  and  concave  flint,  whose  foci  are  such  as 
to  cause  their  combination  to  act  as  a  plain  glass 
on  the  mean  refrangible  rays.  Then  it  is  evident 
that  by  means  of  the  greater  dispersive  power  of 
flint  than  of  crown  glass,  this  will  -act  as  a  con- 
cave on  the  violet,  and  as  a  convex  on  the  red 
rays,  and  that  the  more  powerfully,  according  as 
the  lenses  separately  have  greater  powers  or  curva- 
ture. If  then,  such  a  compound  lens  be  inter- 
posed between  the  object-glass  of  a  telescope- 
supposed  to  be  a  single  lens  of  plate  or  crown 
glass — and  its  focus,  it  will  cause  no  alteration  in 
the  focus  for  mean  rays,  while  it  will  lengthen 
the  focus  for  violet,  and  shorten  it  for  red  rays. 
Now  this  is  precisely  what  is  wanted  to  pro.iuce 
an  achromatic  union  of  all  the  rays  in  the  focus; 
and  ail  nothing  in  this  construction  limits  the 
powers  of  the  individual  correcting  lenses,  they 
may  therefore  be  applied  anywhere  that  conve- 
nience may  dictate;  and,  thus,  theoreticady  speak- 
ing, a  disc  of  flint  glass,  however  small,  may  be 
made  to  correct  the  color  of  one  of  crown,  how- 
ever large. 

This  construction  likewise  possesses  other  and 
very  remarkable  advantages  :  for,  first,  when  tlie 
correcting  lens  is  approximately  constructed  on  a 
calculation  founded  on  its  intended  aperture,  and 
on  the  refractive  and  dispersfe'e  indices  of  its  ma- 
terials, the  final  and  complete  dispersion  of  color 
may  be  effected,  not  by  altering  the  lenses  by 
grinding  them  anew,  but  by  shifting  the  combina- 
tion nearer  to,  or  fMrther  from  the  obiect-^lass,  as 
occasion  may  require,  along  the  tube  of  a  tide- 
scope,  by  a  screw  motion,  until  the  condition  of 
achromaticity  is  satisfied  in  the  best  manner  pos- 
sible; and,  secondly,  the  spherical  aberration  may 
in  like  manner  be  finally  corrected,  by  slightly 
separating  the  lenses  of  the  correcting  glass,  whose 
surfaces  should  for  this  purpose  be  figured  to  cur- 
vatures previously  determined  by  calculation  to 
admit  of  tliis  mode  of  correction — a  condition 
which  Mr.  Rogers  finds  to  be  always  possible.  The 
foliowinir  is  the  rule  \idiich  he  lays  down  for  the 
determination  of  the  foci  of  the  lenses  of  the  cor- 
recting glass  :  "The  focal  length  of  eitlier  lens  is 
to  that  of  the  object-glass  in  a  ratio  com])Ouni!ed 
of  the  ratio  of  the  square  of  the  aperture  of  the 
correcting  lens  to  that  of  the  object-glass,  and  of 
the  ratio  of  the  difTerence  of  the  dispersive  indices 
of  the  crown  and  flint  glass  to  the  dispersive  in- 
dex of  crown."  For  example,  to  correct  the  color 
of  a  lens  of  crown  or  plate  glass  of  9  inches  aper- 
ture and  14  feet  focal  length  (the  dimensions  of 
the  telescope  of  Fraunhofer,  at  Dorpat)  bv  a  disc 
of  flint  glass  3  iimhos  in  fliameter,  the  focus  of 
either  lens  of  the  correcting  lens  will  require  to 
be  about  9  inches.  7'o  rorrect  it  by  a  4  inch  disc 
will  require  a  focus  of  about  16  inches  each. 

Mr.  Rogers  remarks,  that  it  is  not  indispensft- 
ble  to  make  the  correcting  glass  act  as  n  piano 
lens.  It  is  sufficient  if  it  be  so  adjusted  as  to  have 
a  shorter  focus  for  red  rays  than  for  violet.     It 
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preserving  this  condition,  it  be  made  to  act  as  a 
concave  lens,  tlie  advantage  procured  by  Mr.  Bar- 
low's construction  of  reducing  the  length  of  the 
telescope  with  the  same  focal  power  is  secured; 
and  he  considers,  moreover,  that  by  a  proper  adapt- 
ation of  the  distances,  foci,  &,c.,  of  the  lenses,  we 
might  hope  to  combine  with  all  these  advantages 
that  of  the  destruction  of  the  secondary  spectrum, 
and  thus  obtain  a  perfect  telescope. 

The  above  is  an  abstract  of  a  paper  read  to  the 
"Astronomical  Society  of  London"  in  April,  1828,^ 
by  A.  Rogers,  E.-^q. 

The  reader  will  easily  perceive  ti)at  the  princi- 
ple on  which  Mr.  Rogers  proposes  to  construct 
his  telescope  is  very  nearly  similar  to  that  of  Pro- 
fessor Barlow,  described  above,  with  this  difF^-r- 
ence,  that  tlie  correcting  lens  of  the  professor's 
telescope  is  composed  of  a  transparentyZHti,  while 
that  of  .Mr.  Rogers  is  a  solid  lens  consisting  of  a 
convex  crown  and  concave  flint.  The  general 
object  intended  to  be  accomplished  by  both  is  the 
same,  namely,  to  make  a  correcting  lens  of  a 
comparatively  small  diameter  serve  the  purpose 
of  a  large  disc  of  flint  glass,  which  has  hitlierto 
been  very  expensive,  and  very  difKcult  to  be  pro- 
cured; and  likewise  to  reduce  the  length  of  the 
telescope,  while  the  advantage  of  a  long  focal 
power  is  secured.  A  telescope  on  this  principle 
was  constructed  seven  or  eight  years  ago  by  Mr. 
Wilson,  lecturer  on  Philosophy  and  Cliemistry, 
Glasgow,  before  he  was  aware  that  Mr.  Rogers 
had  proposed  a  similar  plan.  I  have  had  au  op- 
portunity of  particularly  inspecting  Mr.  Wilson's 
telescope,  and  trying  its  effects  on  terrestrial  oc 
jects  with  high  powers,  and  was,  on   the  whole, 


highly  pleased  with  its  performance.  It  appeared 
to  be  almost  perfectly  achromatic,  and  produced 
a  distinct  and  well-defined  iniage  of  minute  dis- 
tant objects,  such  as  small  letters  on  sign  posts, 
at  two,  three,  and  four  miles  distant;  but  I  had 
no  opportunity  of  trying  its  effects  on  double 
stars  or  any  other  celestial  objects.  The  instrument 
is  above  6  feet  long;  the  object-lens  is  a  plano- 
convex of  crown  glass,  4  feet  focal  distance  and  4 
inches  diameter,  the  plain   side  next  the  object. 

At  26  inches  distant  from  the  object-lens  is  the 
compound  lens  of  2  inches  in  diajiieter;  and  the 
two  lenses  of  which  it  is  composed  are  both  ground 
to  a  radius  of  3^^  inches.  That  made  of  crown 
glass  is  plano-convex,  the  other,  made  of  tlint 
glass,  is  plano-concave,  and  are  placed  close  to- 
gether, the  convex  side  being  next  the  object,  and 
ttie  concave  side  next  the  eye.  The  greater  re- 
fractive power  of  the  flint  glass  renders  the  com- 
])Ound  one  slightly  concave  in  its  effect  ("although 
the  radius  of  curvature  is  similar  in  both),  and 
lengthens  the  focus  to  6  feet  from  the  object-glass; 
and  tills  is  consequently  the  length  of  the  instru- 
ment. The  compound  corrector  so  placed  inter- 
cepts all  tliose  rays  which  go  to  form  the  image 
in  the  field  of  view,  producing  there  au  achro- 
matic image.  The  concave  power  of  the  corrector 
renders  the  image  larger  than  if  directly  produced 
by  a  convex  lens  of  the  same  focus.  The  con- 
cavity of  the  corrector  is  valuable  also  in  this  re- 
spect, that  a  very  slight  alteration  in  its  distance 
from  the  object-glass  changes  the  focal  distance 
much  more  tlian  if  it  were  plain,  and  enables  us 
to  adjust  the  instrument  to  perfect  achromatism 
with  great  precision. 


CHAPTER    V. 


ON  REFLECTING   TELESCOPES. 


SECTION    I. 

History  of  the  inventiox,  and  a  general  dk- 
scripnon  of  the  construction  of  these  in- 
struments. 

Reflecting  telescopes  are  those  which  rc[^re- 
sent  the  images  of  distant  objects  by  reflection, 
chiefly  from  concave  mirrors. 

Before  the  achromatic  telescope  was  invented 
there  were  two  glaring  imperfections  in  refracting 
telescopes,  which  the  astronomers  of  the  seven- 
teenth century  were  anxious  to  correct.  The 
first  was  its  very  great  length  vi'hen  a  high  power 
was  to  be  applied,  which  rendered  it  very  un- 
wieldy and  difficult  to  use.  The  s^^cond  imper- 
fection was  the  incorrectness  of  the  image  as 
formed  by  a  single  lens.  Mathematicians  had 
demonstrated  that  a  pencil  of  rays  could  not  be 
collected  in  a  single  point  by  a  spherical  lens,  and 
also  that  the  image  transmitted  by  sucli  a  lens 
would  be  in  some  degree  incurvated.  After  seve- 
ral attempts  had  been  made  to  correct  this  im- 
[)e'fection  by  grinding  lenses  to  the  figure  of  one 
of  tlie  conic  sections.  Sir  I.  Newton  happened  to 
coaimeuce  an  examination  of  the  colors  formed 
by  a  prism;  and  having,  by  the  means  of  this 
simple  instrument,  discovered  the  diffr'reut  refran- 
gibility  of  the  rays  of  light — to  wliicli  we  have 
Mveral  times  adverted  in  the  preceding  descrip- 


tions— he  then  perceived  that  the  errors  of  tele- 
scopes, arising  from  that  cause  alone,  were  soma 
hundred  times  greater  than  such  as  were  occasion- 
ed by  the  spherical  figure  of  lenses,  wliich  induced 
this  illustrious  philosopher  to  turn  his  attention 
to  the  improvement  of  telescopes  by  reflection. 

It  is  generally  supposed  that  Mr.  James  Grego- 
ry,— a  son  of  the  Rev.  John  Gregory,  minister 
of  Drumoak,  in  the  county  of  Aberdeen — was 
the  first  who  suggested  the  construction  of  a  re- 
flecting telescope.  He  was  a  young  man  of  un- 
common genius,  and  an  eminent  mathematician; 
and  in  the  year  1663,  at  the  age  of  only  24,  he 
published  in  London  his  treatise  entitled  "Optica 
Proinota,"  in  which  he  explained  the  theory 
of  that  species  of  reflecting  telescope  which  still 
bears  his  name,  and  which  he  stated  as  being  his 
own  invention.  But  as  Gregory,  according  to  his 
own  account,  was  endowed  with  no  mechanical 
dexterity,  and  could  find  no  workman  capable  of 
realizing  his  invention,  after  some  fruitless  at- 
tempts to  form  proper  specula,  he  was  obliged  to 
give  up  the  pursuit,  so  that  this  telescope  remain- 
ed for  a  considerable  time  neglected  It  was 
several  years  after  Gregory  suggested  the  con- 
struction of  reflecting  telescopes  before  Newtou 
directed  his  attention  fully  to  the  subject.  In  a 
letter  addressed  to  tlie  secretary  of  the  Royal  So- 
ciety, dated  in  February,  1672,  he  says,  "  Finding 
reflections  to  be  regular,  so  that  the  angle  of  re- 
flection of  all  sorts   of   rays  was  equal   to   tlio 
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angle  of  Incidence,  I  understood,  that  by  their 
mediation,  optic  instruments  might  be  brouglit 
to  any  dpgree  of  perl'ection  imaginable,  provid- 
ing a  reflecting  substance  could  be  found  which 
would  polisli  as  finely  as  glass,  and  reflect  as 
much  light   as  glass  transmits,  and    the    art   of 


Fig.  62. 


communicating  to  it  a  parabolic  figure  be  also  ob- 
tained. Amid  these  thoughts  I  was  forced  from 
Cambridge  by  the  intervening  plague,  and  it  was 
more  than  two  years  before  I  proceeded  further." 
It  was  toward  the  end  of  1668,  or  in  the  begin- 
ning of  the  following  year,  when  Newton,  being 
obliged  to  have  recourse  to  reflectors,  and  not  re- 
lying on  any  artificer  for  making  the  specula,  set 
about  the  work  himself,  and  early  in  tlie  year  1672, 
completed  two  small  reflecting  telescopes.  In 
these  he  ground  the  great  speculum  into  a  spheri- 
cal concave,  although  he  approved  of  the  parabolic 
form,  but  found  himself  unable  to  accomplish  it. 
These  telescopes  were  of  a  construction  somewhat 
different  from  what  Gregory  had  suggested,  and 


brightness  and  magnifyinir  nower,  all  the  instru- 
ments of  this  description  ,^hich  had  previously 
been  attempted. 

I  shall  now  proceed  to  give  i  brief  sketch  of  the  na- 
ture of  a  reflrcting  telescope,and  the  different  forms 
in  which  they  have  been  proposed  to  be  con- 
p.  „j,  structed. 
'S*  •  Fig.  62  represents  the  reflecting  tele- 
scope as  originally  proposed  by  Gregory. 
A  B  E  F  represents  a  tube  open  at  ^  J" 
toward  the  object;  at  the  otlier  end  is 
s-placed  a  concave  speculum,  B  E,  with  a 
hole,  CD,  in  its  center,  the  focus  of  wliich 
is  at  e.  A  little  beyond  this  focus,  to- 
ward the  object  end  of  the  telescope,  A  F, 
jis  placed  anotiier  small  concave  mirror, 
G,  having  its  polished  face  turned  toward 
the  great  speculum,  and  is  supported  by 
an  arm,  G  H,  fastened  to  a  slider  connect- 
ed with  the  tube.  At  the  end  of  the 
great  tube,  B  E,  is  screwed  in  a  small 
tube,  C  D  K  I,  containing  a  small  plano- 
convex lens,  /  K.  Such  are  the  essential 
parts  of  this  instrument  and  their  rela- 
tive positions.  It  will  be  recollected  in 
our  description  of  the  properties  of  con- 
cave mirrors  (see  p.  24),  that,  when  rays 
proceed  from  a  distant  object,  and  fall 
upon  a  concave  speculum,  they  paint  an 
image  or  representation  of  the  object  in 
its  focus  before  the  speculum.  Now  suppose  two 
parallel  rays,  a  b,  falling  on  the  speculum  B  E,  iu 
cd;  they  are  reflected  to  its  focus  e,  where  an 
invarted  image  of  the  object  is  formed  at  a  little 
more  than  the  focal  distance  of  the  small  specu- 
lum from  its  surface,  and  serves,  as  it  were,  for  an 
object  on  which  the  small  mirror  may  act.  By 
the  action  of  this  mirror  this  first  image  is  reflected 
to  a  point  about  /,  where  a  second  image  is  formed 
very  large  and  erect.  This  image  is  magnified  in 
the  proportion  oi  f  G  to  e  G,  ttie  rays  from  which 
are  transmitted  to  the  eyeglass  /  K,  through 
which  the  eye  perceives  the  object  clear  and 
distinct,  after  the  proper  adjustments  have  been 
made. 

Suppose  the  focal  distance  of  the  great  mirroi 


although  only  6  inches  long,  were  considered  as  _  _ 

equal  to  a  six  feet  common  refracting  telescope. }  was  9  inches,  and  the  focal  distance  of  the  small 
It  is  not  a  little  singular,  however,  thiU  we  hear  mirror  li.>  inch — were  we  to  remove  the  eyepiece 
no  more  about  the  construction  of  reflectors  until  \  of  this  telescope,  and  look  through  the  hole  of  the 


more  than  half  a  century  afterward.  It  was  not  until 
the  year  1723  that  any  reflectors  were  known  to 
have  been  made,  adapted  to  celestial  observations. 
In  that  year  Mr.  Hadley,  the  inventor  of  the  re- 
flecting quadrant  which  goes  by  his  name,  pub- 
lished in  No.  376  of  the  Philosophical  Transactions, 


great  mirror,  we  should  see  the  image  of  the  ob- 
ject depicted  upon  the  face  of  the  small  specu- 
lum, and  magnified  in  the  proportion  of  9  to  Ij^, 
or  6  times,  on  the  same  principle  as  a  common 
convex  object-glass  9  inches  focal  length,  with  an 
eyeglass   whose    focus  is   1}^   inch,  magnifies   6 


an  account  of  a  large  reflector  on  Newton's  plan, !  times.  Tiiis  may  be  regarded  as  the  first  part  of 
which  he  had  just  then  constructed,  the  perform-  I  the  magnifying  power.  If,  now,  we  suppose  the 
ance  of  which  left  no  room  to  doubt  that  this  in-  j  .small  speculum  placed  a  little  more  than  l}^  inch 
Tention  would  remain  any  longer  in  obscurity.  !  from  the  image  formed  by  the  great  speculum,  a 
Tiie  large  speculum  of  this  instrument  was  625.g  j  second  image  is  formed  about  /,  as  much  exceed- 
inches  focal  distance  and  5  inches  diameter,  was    ing  the  first  in  its  dimensions  as  it  exceeds  it  in 


furnished  with  magnifying  powers  of  from  190  to 
230    times,  and   equaled    in    performance  the   fa- 


distance  from  the  small  speculum,  on  the  princi- 
ple   on    whirh    the    object-glass    of  a   compound 


mous  aerial  telescope  of  Huygens  of  123  feet  in  ;  microscope  forms  a  large  image  near  the  ejeglasa. 


length.*  Since  this  period  the  reflecting  telescope 
has  been  in  general  use  among  astronomers  in 
most  countries  of  Europe,  and  has  received  nu- 
merous improvements,  under  the  direction  of 
Short,  Mudge,  Edwards,  and  Her.^chel,  the  last  of 
whom  constructed  reflectors  of  7, 10,  20,  and  even 
40  feet  in   focal   length,  which  far  surpassed,  in 


•  A  particular  description  of  this  telescope,  with  the  ma- 
chinery tor  moving  it,  illustrated  with  an  engraving,  may  he 
seen  in  Reid 
Transactions 


Suppose  this  dititance  to  be  9  times  greater,  then 
the  whole  magnifying  power  will  be  compounded 
of  6  multiplied  by  9,  or  54  times.  As  a  telescops 
it  magnifies  6  times,  and  in  the  microscope  part  9 
times.  Such  is  the  general  idea  of  the  Gregorian 
telescope,  the  minute  p;:rticulars  and  structure  of 
which  can  only  be  clearly  perceived  by  a  direct 
inspection  of  the  instrument. 

The  Newtonian  Reflector. — This  instrument  ia 
somewhat  different   both   in  its  form   and   )!i   its 


andGray's"  Abridgment  of  the  Philosophical  I '"'*"^' °*  operation   from   that    of  Gregory.      It   la 
,"  vol. >i,  Part  1  for  1723, p.  147—152.  I  represented  in  fig.  63,  where  B  A  E  Fis  the  tube, 
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and  B  E  the  object  concave  mirror,  which  reflects 
the  parallel  rays  a  6  to  a  plane  speculum  G,  placed 
45'^,  or  half  a  right  angld  to  the  axis  of  the  con- 
cave speculum.  This  small  plane  reflector  must 
be  of  uu  oval  form;  the  length  of  the  oval  should 
be  to  the  breadth  as  7  to  5,  on  account  of  the  ob- 
liquity of  its  position.  It  is  supported  on  an  arm 
fix  -d  to  the  side  of  the  tube;  an  eyeglass  is  placed 
ill  a  f:/riall  tube,  movable  in  the  larger  tube,  so  as 
to  be  perpendicular  to  the  axis  of  tlie  large  reflec- 
tor, liie  perpendicular  line  passing  through  the 
centt^r  of  the  small  mirror.  The  small  mirror  is 
situiit  d  between  the  large  mirror  and  its  focus, 
thai  its  distance  from  this  focal  point  may  be  equal 
to  i!ie  distance  from  the  center  of  the  mirror  to 
the  C' liter  of  the  eyeglass.  When  the  rays  a  b 
froti)  a  distant  object  fall  upon  the  large  speculum 
at  c  d,  they  are  reflected  toward  a  focus  at  //;  but, 
being  intercepted  by  the  plane  mirror  G,  they  are 
reflected  perpendicularl}'  to  the  eyeglass  at  /,  in 
the  pide  of  the  tube,  and  the  image  formed  near 
that  position  at  e  is  viewed  through  a  small  plano- 
'convex  lens.  The  magnifying  power  of  this  tele- 
scope is  in  the  proportion  of  the  focal  distance  of 
the  speculum  to  that  of  the  eyeglass.  Tlius,  if 
the  focal  distance  of  the  speculum  be  36  inches, 
and  that  of  the  eyeglass  one-third  of  an  inch,  the 
magnifying  power  will  be  108  times.  It  was  this 
form  of  the  reflecting  telescope  that  Newton  in- 
vented, which  Sir  W.  Herschel  adopted,  and  with 
wliich  he  made  most  of  his  observations  and  dis- 
coveries. 

The  Cacsegrainian  Re/lector. — This  mode  of  the 
reflecting  telescope,  suggested  by  M.  Cassegraiii, 
a  Frenchman,  is  represented  in  fig.  64.  It  is  con- 
structed in  the  same  way  as  the  Gregorian,  with 
the  exception  of  a  small  convex  speculum,  G,  be- 
ing substituted  in  the  room  of  the  small  concave 
in  Gregory's  construction.  As  the  focus  of  a 
convex  mirror  is  negative,  it  is  placed  at  a  dis- 
tance from  the  large  speculum  equal  to  the  differ- 
ence of  their  foci;  that  is,  if  the  focal  length  of 
the  large  speculum  be  18  inches,  and  that  of  the 
Email  convex  2  inches,  they  are  placed  at  16 
inches  distant  from  each  other,  on  a  principle 
similar  to  that  of  the  Galilean  telescope,  in  which 
the  concave  eyeglass  is  placed  within  the  focus 
of  the  object-glass  by  a  space  equal  to  the  focal 
length  of  the  eyeglass.  In  this  telescope,  like- 
wise, instead  of  two  there  is  only  one  image  form- 
ed, namely,  that  in  the  focus  of  the  eye- 
glass; and,  on  this  account,  some  are  of 
opinion  that  the  distinctness  is  considerably 
greater  than  in  the  Gregorian.  Mr.  Rams- 
den  was  of  opinion  that  this  construction  is 
preferable  to  either  of  the  former  reflectors,  ^ 
because  the  aberrations  of  the  two  metals 
have  a  tendency  to  correct  each  other, 
whereas  in  the  Gregorian,  both  the  metals  being 
concave,  any  error  in  the  specula  will  be  doubled. 
It  is  his  opinion  that  the  aberrations  in  the  Casse- 
grainian  construction  to  that  of  the  Gregorian  is 
as  3  to  5.  The  length  of  this  telescope  is  shorter 
than  that  of  a  Gregorian  of  equal  focal  length  by 
twice  lh(^  focal  length  of  the  small  mirror,  and  it 
shows  everything  in  an  inverted  position,  and, 
coii.^eqiiently,  is  not  adapted  for  viewing  terres- 
trii:l  obects. 

Dr.  Honk''s  Reflector. — Before  the  reflecting 
lei  •^<n»e  was  nnicii  known,  Dr.  Hook  contrived 
on',  the  form  of  which  is  represented  fig.  65, 
which  .lifFtTS  in  littl'^  or  nothing  from  the  Grego- 
rian' i^xcept  that  the  eyeglass,  I,  is  placed  in  the 
ho!     iif  the  great  s])eculum,  B  E. 

Martinis  Rsjlector. —  Mr.  Benjamin  Martin  a 
disti'iiruished  writer  on  optical  and  philosophical 


science,  about  a  century  ago,  aescribed  a  new 
form  of  the  reflecting  telescope,  approximating  to 
the  Newtonian  structure,  which  he  contrived  for 
his  own  use.  It  is  represented  in  fig.  66.  A  B 
E  F  IS  the  tube,  in  which  there  is  an  opening  or 
aperture,  O  P,  in  the  upper  part.  Againat  this 
hole,  within  the  tube,  is  placed  a  large  plane 
speculum,  G  H,  at  half  a  right  angle  with  the  axis 
or  sides  of  the  tubes,  with  a  hole,  C  D,  perforut-d 
through  its  middle.  The  parallel  rays  a  6,  fallii-.g 
on  the  inclined  plane  G  H,  are'reflected  perpen- 
dicularly and  parallel  on  the  great  speculum  B  E 
in  the  bottom  of  the  tube.  From  thence  ih.y 
are  reflected,  converging  to  a  focus,  e,  throu^ii 
the  hole  of  the  plane  mirror  C  D,  which,  being 
also  the  focus  of  the  eyeglass  /  K,  tlie  eye  u  ill 
perceive  the  object  magnified  and  distinct. 

In  the  figures  referred  to  in  the  above  descrip- 
tions, only  one  eyeglass  is  represented,  to  avoid 
complexity;  but  in  most  reflecting  telescopes,  the 
eyepiece  consists  of  a  combination  of  two  plano- 
convex glasses,  as  in  fig.  67,  which  produces  a 
more  correct  and  a  larger  field  of  view  than  a  sin- 
gle lens.  This  combination  is  generally  known 
by  the  name  of  the  Huygenian  Eyepiece,  which 
shall  be  described  in  the  section  on  the  eyepieces 
of  telescopes. 

The  following  rule  has  been  given  for  finding 
the  magnifying  power  of  the  Gregorian  telescope: 
Multiply  the  focal  distance  of  the  great  mirror  by 
the  distance  of  tlie  small  mirror  from  the  image 
next  the  eye,  and  multiply  the  focal  distance  of 
the  small  mirror  by  the  focal  distance  of  the  eye- 
glass; then  divide  the  product  of  the  former  mul- 
tiplication by  the  product  of  the  latter,  and  the 
quotient  will  express  the  magnifying  power.  The 
following  are  the  dimensions  of  one  of  the  reflect- 
ing telescopes  constructed  by  Mr.  Short,  who  was 
long  distinguished  as  the  most  eminent  maker  of 
such  instruments  on  a  large  scale,  and  whose 
large  reflectors  are  still  to  bo  found  in  various  ob- 
servatories throughout  Europe: 

The  focal  distance  of  the  great  mirror,  9.6 
inches;  or  P  m,  fig.  67,  its  breadth,  F  D,  2.3; 
the  focal  distance  of  the  small  mirror,  L  n,  1.5, 
or  l}>£  inch;  its  breadth,  g  h,  0.6  or  6-lOths  of  an 
inch;  the  breadth  in  the  hole  in  the  great  mirror, 
V  V,  0.5,  or  half  an  inch;  the  distance  between 
the  small  mirror  and  the  next  eyeglass,  L  R,  14.2; 

Fig.  67. 


the  distance  between  the  two  eyeglasses,  iS  R,  2.4; 
the  focal  distance  of  the  eyeglass  next  the  metal, 
3.8;  and  the  focal  distance  of  the  eyeglass  next 
the  eye,  S  a,  1.1, 11-lOths  of  an  inch.  The  mag- 
nifying power  of  this  telescope  was  about  60 
times.  Taking  this  telescope  as  a  standard,  the 
following  table  of  the  dimensions  and  magnifying 
powers  of  Gregorian  reflecting  telescopes,  as  con- 
structed by  Mr.  Short,  has  been  computed: 

Mr.  Short — who  was  born  in  Edinburgh  .n 
1710,  and  died  near  London,  1768 — was  coiisiiler- 
ed  as  the  most  accurate  constructor  of  reflecting 
telescopes  during  the  period  whicli  intervened 
from  1732  to  1768.  In  1743  he  constructed  a  re- 
flector for  Lord  Thomas  Spencer  of  12  feet  focal 
length,  for  which  he  received  6'10  guineas.  He 
made  several  other  telescopes  of  the  same  focal 
distance,  with  greater  improvements  and  higher 
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54 
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39 
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% 

30 
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3.       13 

1.       04 

2.       09 

60 
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86 
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21     1     5.     00 
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68.       17 

6.       43 

2.       14 

4.       28 
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1.       87 

magnifiers;  and,  in  1752,  finished  one  for  the  Kinjr 
of  Spain,  for  which,  with  its  whole  apparatus,  he 
received  £1200.  This  was  considered  the  noblest 
instrument  of  its  kind  that  had  then  been  con- 
structed, and  perhaps  it  was  never  surpassed  until 
Herechel  constructed  his  twenty  and  forty  feet  re- 
flectors. High  as  the  prices  of  large  telescopes 
now  are,  Mr.  Short  charged  for  his  instruments 
at  a  much  higher  rate  than  opticians  now  do,  al- 


though the  price  of  labor,  and  every  other  article 
required  in  the  construction  of  a  telescope  is  now 
much  dearer.  But  he  had  then  scarcely  any 
competitor,  and  he  spared  neither  trouble  nor  ex 
pense  to  make  his  telescopes  perfect,  and  put  such 
a  price  upon  them  as  properly  repaid  him.  The 
following  table  contains  a  statement  of  the  aper- 
tures, powers,  and  prices  of  Gregorian  telescopes, 
as  constructed  by  Mr.  James  Short:* 


Number. 

Focal  length 
in  inches. 

Diameter  of 

aperture     in 

inches; 

Magnifying  powers. 

Prices  in 
guineas. 

1 

3 

1.1 

1  Power  of 

18  times, 

3 

2 

43^ 

1.3 

1       " 

25    " 

4 

3 

7 

1.9 

1 

40    " 

6 

4 

^}i 

2.5 

2  Powers  of 

40  and  60     " 

8 

5 

12^^ 

3.0 

2      " 

55  and  85     " 

10 

6 

12 

3.0 

4       « 

35,  5.5,  85,  and  110     « 

14 

7 

18 

3.8 

4       « 

55,95,  130,  and  200     '< 

20 

8 

24 

4.5 

4       " 

90,  150,2.30,  and  300     « 

35 

9 

36 

6.3 

4       " 

100,  200,  300, and  400     " 

75 

10 

48 

7.6 

4       " 

120,  260,  380,  and  500     " 

100 

11 

72 

12.2 

4       " 

200,  400,  600,  and  800     " 

300 

12 

144 

18.0 

4       « 

300,  600,  900,  and  1200     " 

800 

From  this  table  it  appears  that  Mr.  Short 
charged  75  guineas  for  a  3  feet  reflector,  whereas 
fluch  an  instrument  is  now  marked  in  the  London 
opticians'  catalogues  at  £2.'}  when  mounted  on  a 
common  brass  stand,  and  £39  18s.  when  accom- 
panied with  rack-work  motions  and  other  appa- 
ratus. It  is  now  generally  understood  that  in  the 
above  table  Short  always  greatly  overrated  the 
higher  powers  of  his  telescopes.  B\'  experiment, 
they  were  generally  found  to  magnify  much  less 
than  here  expressed. 

General  Remarks  on  Grrgorian  Reflectors. — 1. 
In  regard  to  the  hole,  U  V,  of  tlie  great  specu- 
lum, its  diameter  should  be  equ^d,  or  nearly  so,  to 
that  of  the  small  speculum,  L,  fig.  67;  for  if  it 
be  less,  no  more  parallel  rays  will  be  reflected 
than  if  it  were  equal  to  g  h,  and  it  may  do  harm 
in  contracting  the  visible  area  tvilhin  too  narrow 
limits;  WW  nivist  it  be  larger  than  the  mirror  L, 
because  some  parallel  ray.s  will  then  be  lost,  and 
those  of  most  consequence,  as  being  nearest  the 
center.  2.  The  small  hole  at  e,  to  which  the  eye 
is  applied,  must  be  nicely  adjusted  to  the  size  of 
the  cone  of  rays  proceeding  from  the  nearest 
lens,  /S.  If  it  be  larger,  it  will  permit  the  foreign 
I'ght  of  the  sky  or  other  objects  to  enter  tlie  eye, 
80  as  to  prevent  distinct  vision;  for  the  eye  should 
receive  no  light  but  what  comes  from  the  surface 

•  ^liss  Phort,  who  has  erected  and  who  superintends  an 
observaTory  on  the  Calton  Hill,  Edinburgh,  is  the  descend- 
ant of  a  brother  of  Mr.  Short.  She  is  in  possession  of  a 
large  (iregorian  reflector,  about  12  feet  long,  made  by  Mr. 
Short,  and  mounted  on  an  equatorial  axis.  It  was  original- 
ly plaied  in  a  small  observatory  erected  on  the  Calton  Hill 
about  the  year  1776,  but  for  many  years  past  it  has  been 
Kule  atsd. 


of  the  small  mirror,  L.  If  the  hole  be  smaller 
than  the  cylinder  of  rays  ate,  then  some  of  the 
necessary  light  will  be  excluded,  and  the  object 
rendered  more  obscure.  The  diameter  of  this 
hole  may  be  found  by  dividing  the  aperture  of 
the  telescope  in  inches  by  its  magnifying  powei 
Thus,  if  we  divide  the  diameter  of  one  of  Short's 
telescopes,  the  diameter  of  whose  large  speculum 
is  2.30,  by  60,  the  magnifying  power,  the  quo- 
tient will  be  .0383,  which  is  nearly  the  l-25th  of 
an  inch.  Sometimes  this  hole  is  made  wo  small 
as  the  l-50th  of  an  inch.  When  tills  hole  is,  by 
any  derangement,  shifted  from  its  proper  position, 
it  sometimes  requires  great  nioety  to  adjust  it, 
and,  before  it  is  accurately  adjusted,  the  telescope 
is  unfit  for  accurate  observation.  3.  It  is  usual 
to  fix  a  plate  with  a  hole  in  it  at  a  b,  the  focus  of 
the  eyeglass  S,  of  such  a  diameter  as  will  circum- 
scribe the  image,  so  as  to  exhibit  only  that  part 
of  it  which  appears  distinct,  and  to  exclude  the 
superfluous  rays.  4.  There  is  an  adjusting 
screw  on  the  outside  of  the  great  tube,  connected 
with  the  small  speculum,  by  which  that  specu- 
lum may  be  pushed  backward  or  forward  to 
adjust  the  instrument  to  distinct  vision.  The 
hand  is  applied  for  this  purpose  at  T. 

Newtonian  Telescopes. — These  telescopes  are 
now  more  frequently  used  for  celestial  observa- 
tions than  during  the  last  century,  when  Gre- 
gorian reflectors  were  generally  preferred.  Sir 
W.  Herschel  was  chiefly  instrumental  in  intro- 
ducing this  form  of  the  reflecting  telescope  to  the 
more  particular  attention  of  astronomers,  bv  the 
splendor  and  extent  of  the  discoveries  wliieh  it 
enabled  him  to  make.     In  this  telescope  there  ia 
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no  hole  required  in  the  middle  of  the  great  specu- 
lum, as  in  the  Gregorian  construction,  which  cir- 
cumstance secures  the  use  of  all  the  rays  which 
flow  from  the  central  parts  of  the  mirror. 

The  following  table  contains  a  statement  of 
the  apertures  and  magnifying  powers  of  Newto- 
nian telescopes,  and  the  focal  distances  of  their 
eyeglasses.  The  first  column  contains  the  focal 
length  of  the  great  speculum  in  feet;  the  second, 
its  linear  aperture  in  inches  ;  the  third,  the  focal 
distance  of  the  single  glass  in  decimals,  or  in 
lOOOths  of  an  inch,  and  the  fourth  column  con- 
tains the  magnifying  power.     This  portion  of  the 


table  was  constructed  by  using  the  dimensions 
of  Mr.  Hadley's  Newtonian  telescoj  e,  formerly 
referred  to,  as  a  standard,  the  focal  distance  of  the 
great  mirror  being  G2^2  inches,  its  medium  aper- 
ture 5  inches,  and  power  208.  Tiie  fifth,  sixth, 
and  seventh  columns  contain  the  apertures  of  the 
concave  speculum,  the  focal  lengths  of  the  eye- 
glasses, and  the  magnifying  powers,  as  calculated 
by  Sir  D.  Brewster,  from  a  telescop'^  of  Mr. 
Hauksbee,  taken  as  a  standard,  whose  focal  length 
was  3  feet  3  inches,  its  aperture  about  4  inches, 
and  magnifying  power  226  times. 

One   great   advantage   of   reflecting  telescopes 
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.  Brewster's  Numbers. 
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34 
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56 

1 

1.    44 
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60 

2. 

23 
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93 

2 

2.    45 
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3. 

79 
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3 
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14 
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4 
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36 
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5 

4.     85 
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51 
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6 

5.    57 
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8. 

64 

0.    200=1 

360 

7 
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9. 

67 
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8 

6.     89 
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44 
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9 

7.    54 
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69 
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10 
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65 
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11 
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58 
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13 
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14 
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19 
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550 

20. 

45 

0.    268 

852 

20 

13.    71 

0.    420 

571 

21. 

24 

0.    271 
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above  common  refractors  is,  that  they  will  admit 
of  eyeglasses  of  a  much  shorter  focal  distance, 
and,  consequently,  will  magnify  so  much  the 
more,  for  the  rays  are  not  colored  by  reflection 
from  a  concave  mirror,  if  it  be  ground  to  a  true 
figure,  as  they  are  by  passing  through  a  convex 
glass,  though  figured  and  polished  witli  the  ut- 
most exactness.  It  will  be  perceived  from  the 
above  table  that  the  focal  length  of  the  eyeglasses 
is  very  small,  the  lowest  there  stated  b-ing  only 
about  1-lOth  of  an  inch,  and  the  highest  little 
more  than  i^t'^  "f  ^n  ''"^^  focal  distance.  Sir 
W.  Herschel  obtained  the  high  powers  which  he 
sometimes  put  upon  his  telescopes  by  using  s)nall 
double  convex  lenses  for  eyeglasses,  some  of 
which  !i.i  not  exceed  the  one  fiftieth  of  an  inch  in 
focal  length.  When  the  focal  length  of  th\'  con- 
cave speculum  and  that  of  the  eyeglass  are  ^iven, 
the  magnifying  power  is  found  by  dividing  the 
former  by  the  latter,  after  having  reduced  the 
focal  length  of  the  concave  spi^cnlum  to  inches. 
Thus  the  6  feet  Sj)eculum,  multiplied  by  12,  pro- 
duces 72  inches,  which,  divided  by  Brewster's 
nuTnber  for  the  focus  of  the  eyeglass  =  200,  or 
l-5th  of  an  inch,  produces  a  quotient  of  360  as 
the  magnifying  power.  It  has  been  calculated 
that,  if  the  metals  of  a  Newtonian  telescope  be 
worked  as  exquisitely  as  those  in  Sir  W.  Her- 
schel's  7  feet  reflector,  the  higliest  power  that 
such  a  telescope  should  bear  with  perfect  distinct- 
ness will  be  found  by  multiplying  the  diameter 
of  the  great  speculum  in  inches  by  74,  and  the 
focal  distance  of  the  sinfle  eyeglass  may  be  found 
by  dividing  the  focal  distance  of  the  great  mirror 


by  the  magnifying  power.     Thus  6.25 — the  aper- 
ture in  inches  of  Hersciiel's  7  feet  Newtonian — 
multiplied  by  74,  is  402}^,  the  magnifying  power; 
and   7  multiplied    by   12,  and   divided   by   462,  is 
.  50.182  of  an  inch,  the  focal  distance  of  the  single 
;  eyeglass  required.     But  it  is  seldom   that   more 
j  than  one-half  of  this  power  can  be  applied  with 
effect  to   any  of  the  planetary  bodit^s.     For  gen- 
eral purposes,  the  power  produced  by  multiplying 
the  diameter  of  tiie  speculum  by  30  or  40  will  be 
found  most  satisfactory. 

The  following  are  the  general  prices  of  reflect- 
ing telescopes  as  made  by  the  London  opti- 
cians: 

£    t. 

A  four  feet,  seven  inch  aperture,  Gre- 
gorian I'eflector,  with  the  vertical  motions 
upon  a  new  invented  principle,  as  well  as 
apparatus  to  render  the  tube  more  steady 
in  observation,  according  to  the  additional 
apparatus  of  small  speculums,  eyepieces, 
micrometers,  &e.  fro7n  80  to  120     0 

Three  feet  long,  mounted  on  a  plain 
brass  stand        .  ....     23     2 

Ditto,  with  rack-work  motions,  improv- 
ed mounting,  and  metals            .         .          .  39   18 

Two  feet  long,  without  rack-work,  and 

with  4  magnifying  powers,  improved        .  15  15 

Ditto,  with  rack-work  motion       .         .  22     1 

Eighteen  inch,  on  a  plain  stand             .  9     9 

Twelve  inch,  ditto         .  6     6 
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The  above  are  the  prices  stated  in  Messrs.  W. 
and  S.  Jones's  cattdogue. 

Tlie  following  list  of  prices  of  the  various 
kinds  of  reflecting  telescopes  is  from  Messrs. 
TuUey's  (of  Islington)  catalogue: 


1  foot  Gregorian  reflector,  on  pillar  and 
claw  stand,  metal  '■2%  inches  diameter, 
packed  in  a  mahogany  box 

m  foot  ditto,  on  pillar  and  claw  stand, 
metal  '-i  inclies  diami-ter,  packed  in  a  ma- 
hogany box  .         .         .         . 

2  fi'et  ditto,  metal  4  inchfs  diameter 
Ditto,  uitto,  with  rack-work  motions 

N  feet  ditto,  metal  5  inches  ciiaaieter, 
with  rack  work  motions 

Ditto,  metal  6  inches  diameter,  on  a 
tripod  stand,  with  center  of  gravity  mo- 
tion .  .  ... 

4  feet  ditto,  metal  7  inches  diameter,  as 
above  .  .  .... 

6  feet  ditto,  metal  9  inches  diameter,  on 
an  improved  iron  stand 

7  feet  Neirtonian  reflectors,  6  inches 
aperture,  mounted  on  a  new  and  improved 
stand         ....... 

Ditto,  ditto,  metal  7  inches  diameter     . 

9  feet  ditto,  metal  9  inciies  diameter 

10  feet  ditto,  metal  10  inches  diameter 
12  feet  ditto,  metal  12  inches  diameter 


£.     s. 


6     6 


11  11 
16  16 
25     4 

42     0 


68 
105 
210 


105 
126 
210 
315 
525 


Comparative  Brightness  of  Achromatic  and  Re- 
flecting Telescopes. — The  late  astronomer  royal, 
Dr.  Maskelyne,  from  a  comparison  of  a  variety 
of  telescopes,  was  led  to  the  following  conclu- 
Bion:  "that  the  aperture  of  a  common  reflecting 
telescope,  in  order  to  show  objects  as  bright  as 
the  acliromatic,  must  be  to  that  of  an  achromatic 
telescope  as  8  to  5;"  in  other  words,  an  achroma- 
tic whose  object-glass  is  5  inches  in  diameter, 
will  show  objects  with  as  great  a  degree  of  bright- 
ness as  a  reflector  whose  large  speculum  is  8 
inches  in  diameter.  This  result,  if  correct,  must 
be  owing  to  the  small  number  of  rays  reflected 
from  a  speculum  compared  with  the  number 
transmitted  through  an  achromatic  object-glass. 


SECTION    II. 

The  Hersch ELIAN    telescope. 

Soon  after  Sir  William  Herschel  commenced 
his  astronomical  career,  he  introduced  a  new  era 
in  the  history  of  reflecting  telescopes.  After  he 
had  cast  and  polished  an  immense  variety  of  spe- 
cula for  telescopes  of  different  sizes,  he  at  length, 
in  the  year  1782,  finished  a  20  feet  reflector  with 
a  large  aperture.  Being  sensible  of  the  vast  quan- 
tity of  light  which  is  lost  by  a  second  reflection 
from  the  small  speculum,  he  determined  to  throw 
it  aside  altogether,  and  mounted  this  20  feet  re- 
flector on  a  stand  that  admitted  of  being  used 
without  a  small  speculum  in  making  front  obser- 
vations; that  is,  in  sitting  with  his  back  to  the 
object,  and  looking  directly  toward  the  surface  of 
the  speculum.  Many  of  his  discoveries  and  mea- 
surements of  double  stars  were  made  with  this 
instrument,  until  at  length,  in  the  year  1785,  he 
put  the  finishing  hand  to  that  gigantic  speculum, 
which  soon  became  the  object  of  universal  aston- 
ishment, and  which  was  intended  for  his  forty  feet 
reflecting  telescope.  lie  had  succeeded  so  well 
in  constructing  reflecting  telescopes  of  compara- 
tively small  aperture,  that  they  would  bear  higher 


magnifying  powers  than  had  ever  previously  been 
applied;  but  he  found  that  a  deficiency  of  light 
could  only  bo  remedied  by  an  increased  dianieiei 
of  the  large  speculum,  which  therefore  was  his 
main  ob|ect  when  he  undertook  to  accomplish  a 
work  vviiichto  a  man  less  enterprising  would  have 
a[)peared  impracticable.  The  difficulties  he  hai 
to  overcome  were  numerous,  particularly  in  the 
operative  department  of  preparing,  melting,  an- 
nealing, grinding,  and  polishing  a  mass  of  motai 
that  was  too  unwieldy  to  be  moved  without  the 
aid  of  mechanical  powers.  At  length,  however, 
all  ditficuities  having  been  overcome,  this  magni- 
ficent in.-trument  was  completed,  with  all  its  com- 
plicated apparatus,  and  erected  for  observation,  OE 
the  2^th  of  August,  17l>9,  and  on  the  same  day 
the  sixth  satellite  of  Saturn  was  detected,  as  a 
prelude  to  still  further  discoveries  which  were  af- 
terward made  by  this  instrument  in  the  celestial 
regions. 

It  would  be  too  tedious  to  attempt  a  description 
of  all  the  macliinery  and  apparatus  connected 
with  this  noble  instrument.  The  reader  who 
wishes  to  peruse  a  minute  de.'jcription  of  the  stairs, 
ladders,  platform,  rollers,  and  of  every  circura- 
stance  relating  to  joiner's  work,  carpenter's  work, 
smith's  work,  and  other  particulars  connected 
with  the  formation  and  erection  of  this  telescope, 
will  find  the  details  recorded  in  the  85tli  vclume 
of  the  Piiilosnphical  Transactions  of  the  Royal 
Society  of  London  for  1795,  in  which  there  are 
sixty-three  pages  of  letter-press,  and  eighteen 
plates  illustrative  of  the  subject.  I  shall  content 
myself  with  giving  a  short  outline  of  the  essential 
parts  belonging  to  this  instrument. 

The  tube  of  this  telescope  is  made  of  rolled  or 
sheet  iron,  joined  together  without  rivets;  the 
thickness  of  the  sheets  is  somewhat  less  than  J-th 

3  6 

part  of  an  inch,  or  14  pounds  weight  for  a  square 
foot.  Great  care  was  taken  that  the  cylindrical 
form  should  be  secured,  and  the  whole  was  coated 
over  three  or  four  times  with  paint,  inside  and 
outside,  to  secure  it  against  ihe  damp.  This  tube 
was  removed  from  the  place  in  which  it  was 
formed  by  24  men,  divided  into  six  sets,  so  that 
two  men  on  each  side,  with  a  pole  5  feet  long  in 
their  hands,  to  which  was  aflixed  a  piece  of  coarse 
cloth  7  feet  long,  going  under  the  tube,  and  joined 
to  a  pole  5  feet  long  in  the  hands  of  two  other 
men,  assisted  in  carrying  the  tube.  The  length  of 
this  tube  is  39  feet  4  inches,  the  diameter  4  feet  10 
inches;  and,  on  a  moderate  computation,  it  was 
ascertained  that  a  wooden  tube  of  ()roper  dimen- 
sions would  have  exceeded  an  iron  one  in  weight 
by  at  least  3000  poundc.  Reckoning  the  circum- 
ference of  the  tube  15  feet,  its  length  39)^  feet, 
and  14  lbs.  for  the  weight  of  a  square  foot,  it  must 
have  contained  590  square  feet,  and  weighed  8260 
pounds.  Various  hoops  were  fixed  within  the 
tube,  and  longitudinal  bars  of  iron  connecting 
some  of  them  are  attached  to  the  two  ends  of  the 
tube,  by  way  of  bracing  the  sheets,  and  preserv- 
ing the  shape  perfect,  when  the  pulleys  are  ap- 
plied to  give  the  necessary  elevation  at  the  upper 
end,  and  that  the  speculum  may  be  kept  secure  at 
the  lower  end.  The  lower  end  of  the  tube  is 
firmly  supported  on  rollers,  that  are  capalile  of 
being  moved  forward  or  backward  by  a  double 
rack,  connected  with  a  set  of  wheels  and  jiiuions. 
By  an  adjustment  at  the  lower  extremity  of  the 
tube,  the  speculum  is  turned  to  a  small  inclina- 
tion, so  that  the  line  of  collimution  may  not  be 
coincident  with  the  longitudinal  axis  of  the  tube, 
but  may  cross  the  tube  diagonally,  and  mei't  the 
eye  in  the  air  at  about  two  inches  from  the  edge 
of  the  tube,  which  is  the  peculiarity  of  Iho  con- 


THE  HERSCHELIAN  TELESCOPE. 


87 


rtruction  that  supersedes  the  necessity  of  applying^ 
a  second  reflector.  Hence  no  part  of  the  head  of 
the  observer  intercepts  the  incident  rays,  and  the 
observation  is  taken  vpith  tlie  face  looking  at  the 
speculum,  the  back  being  turned  to  the  object  to 
be  observed. 

The  large  speculum  is  inclosed  in  a  strong  iron 
ring,  braced  across  with  bars  of  iron,  and  an  in- 
closure  of  iron,  and  ten  sheets  make  a  case  for  it. 
It  is  lifted  by  three  handles  of  iron  attached  to  the 
Bides  of  the  ring,  and  is  put  into,  and  taken  out  of, 
its  proper  place  in  the  tube  by  the  help  of  a 
movable  crane,  running  on  a  carriage,  which  ope- 
ration requires  great  care.  The  specimim  is  made 
of  a  metallic  composition,  and  is  49)^  inches  in 
diameter;  but  the  concave  polished  surface  is 
only  48  inches,  or  4  feet  in  diameter.  Its  thick- 
ness is  SVo  inches;  and  when  it  came  from  the 
cast  its  weight  was  2118  pounds.  The  metals  for 
its  formation  were  procured  at  a  warehouse  in 
Thames  street,  London,  where  they  kept  ingots 
of  two  kinds  ready  made,  one  of  white  and  the 
other  of  bell-metal;  and  it  was  composed  of  two 
ingots  of  bell-metal  for  one  of  white.  It  was  not 
to  be  expected  that  a  speculum  of  such  large  di- 
mensions could  have  a  perfect  figure  imparted  to 
its  surface,  nor  that  the  curve,  whatever  it  be, 
would  remain  identically  the  same  in  changes  of 
temperature;  therefore  we  are  not  surprised  when 
we  are  told  that  the  magnifying  powers  used  with 
this  telescope  seldom  exceeded  200,  the  quantity 
of  light  collected  by  so  large  a  surface  being  the 
principal  aim  of  the  maker.  The  raising  of  the 
balcony,  on  which  the  observer  stands,  and  the 
sliding  of  tlie  lower  end  of  the  tube,  in  which  the 
speculum  rests,  are  effected  bj'  separate  tackles, 
and  require  only  occasional  motions;  but  the  ele- 
Falion  of  the  telescope  requires  the  main  tackle 
to  be  employed,  and  tlie  motion  usually  given  in 
altitude  at  once  was  two  dogrees;  the  breadth  of 
the  zone  in  which  the  observations  were  made, 
as  the  motion  of  the  sphere  in  right  ascension 
brought  the  objects  into  view.  A  star,  however, 
could  be  followed  for  about  a  quarter  of  an  hour. 
Three  persons  were  employed  in  using  this  tele- 
scope, one  to  work  the  tackle,  another  to  observe, 
and  a  third  to  mark  down  the  observations.  The 
elevation  was  pointed  out  by  a  sm;dl  quadrant 
fixed  to  the  main  tube,  near  the  lower  end,  but 
the  polar  distance  was  indicated  by  a  piece  of  ma- 
chinery, worked  by  a  string,  which  continually 
indicated  the  degree  and  minute  on  a  dial  in  the 
small  iiouse  adjoining,  while  the  time  was  shown 
by  a  clock  in  the  same  place,  Miss  Herschel  per- 
forming the  office  of  registrar. 

At  the  upper  end  the  tube  is  open,  and  directed 
to  the  part  of  the  heavens  intended  for  observa- 
tion, and  the  observer,  standing  on  the  foot-board, 
looks  down  the  tube,  and  perceives  the  object  by 
rays  reflected  from  the  speculum  through  the  eye- 
glass at  the  opening  of  the  tube.  When  the  tele- 
scope is  directed  to  any  objects  near  the  zenith,  the 
observer  is  necessarily  at  an  elevation  of  at  least 
40  feet  from  the  ground.  Near  the  place  of  the 
eyeglass  is  the  end  of  a  tin  pipe,  into  which  a 
mouthpiece  may  be  placed,  so  that,  during  au  ob- 
servation, a  person  may  direct  his  voice  into  this 
pipe,  while  his  eye  is  at  the  glass.  This  pipe, 
which  is  13^  inch  in  diameter,  runs  down  to  the 
bottom  of  the  tube,  where  it  goes  into  a  turning 
joint,  thence  into  a  drawing  tube,  and  out  of  this 
into  another  turning  joint,  from  whence  it  pro- 
ceeds, by  a  set  of  sliding  tubes,  toward  the  front 
of  the  foundation  timber.  Its  use  is  to  convey 
the  voice  of  the  observer  to  his  assistants,  for  at 
the  iast  place  it  divides  itself  into  two  branchesj 


one  going  into  the  observatory,  the  other  into  the 
workman's  room,  ascending  in  both  places  through 
the  floor,  and  terminates  in  the  usual  shape  of 
speaking  trumpets.  Though  the  voice  passes  in 
this  manner  through  a  tube,  with  many  inflec- 
tions, and  through  not  less  than  115  feet,  it  re- 
quires very  little  exertion  to  be  well  understood. 

To  direct  so  unwieldy  a  body  to  any  part  of  the 
heavens  at  pleasure,  many  ihechanicial  contriv- 
ances were  evidently  necessary.  The  wliole  ap- 
paratus rests  upon  rollers,  and  care  was  previously 
taken  of  the  foundation  in  the  ground.  This  con- 
sists of  concentrical  brick  walls,  the  outermost  42 
feet,  the  innermost  21  feet  in  diameter,  2  feet  6 
inches  deep  under  ground,  2  feet  3  inches  broad 
at  the  bottom,  and  1  foot  2  inches  at  the  top, 
capped  with  paving  stones  3  inches  thick,  and  12^ 
inches  broad. 

In  the  center  is  a  large  post  of  oak,  framed  to- 
gether with  braces  under  ground,  and  walled  fast 
to  brickwork  to  make  it  steady.  Round  this  cen- 
ter the  whole  frame  is  moved  horizontally  by 
means  of  20  rollers,  12  upon  the  outer  and  8  upon 
the  inner  wall.  The  vertical  motion  is  given  to 
the  instrument  by  means  of  ropes  and  pulleys, 
passing  over  the  main  beam  supported  by  the  lad- 
ders. These  ladders  are  49  feet  long,  and  there  is 
a  movable  gallery  with  24  rollers  to  ease  its  mo- 
tion. There  is  a  staircase  intended  for  persons 
who  wish  to  ascend  into  the  gallery  without  being 
obliged  to  go  up  the  ladder.  The  ease  Vvith  which 
the  horizontal  and  vertical  motions  may  be  com- 
municated to  the  tube  may  be  conceived  from  a 
remark  of  Sir  W.  Herschel,  that  in  the  year  1789 
he  several  times  observed  Saturn,  two  or  three 
hours  before  and  after  its  meridian  passage,  with 
one  single  person  to  continue,  at  his  directions, 
the  necessary  horizontal  and  vertical  motions. 

By  this  telescope  the  sixth  and  seventh  satellites 
of  Saturn  were  discovered,  only  one  of  which  ia 
within  the  reach  of  the  20  feet  reflector,  or  even 
of  a  25  feet  instrument.  The  discovery  of  the 
satellites  of  the  planet  Uranus,  however,  was  made 
by  the  20  feet  reflector,  b\it  only  after  it  had  been 
converted  from  the  Newtonian  to  the  Herschelian 
construction,  which  affords  a  proof  of  the  supe- 
riority of  the  latter  construction  over  the  former 
when  the  same  speculum  is  used.  Never  had  the 
heavens  before  been  observed  with  so  extraordi- 
nary an  instrument  as  the  forty-feet  reflector. 
The  nebulosities  which  are  found  among  tne  fixed 
stars  in  various  regions  of  the  heavens  appeared 
almost  all  to  resolve  themselves  into  an  innumera- 
ble multitude  of  stars;  others,  hitherto  impercep- 
tible, seemed  to  have  acquired  a  distinct  liglit. 
On  the  entrance  of  Sirius  into  the  field  of  the 
telescope,  the  eye  was  so  violently  affected  tliat 
stars  of  less  magnitude  could  not  immediately 
after  be  perceived,  and  it  was  necessary  to  wait  for 
20  minutes  before  these  stars  could  be  observed. 
The  ring  of  Saturn  had  always  before  ceased  to 
be  visible  when  its  plane  wf.s  directed  toward  tho 
earth;  but  the  feeble  light  wMch  it  reflects  in  that 
position  was  enough  for  Herschel's  instrument, 
and  the  ring,  even  then,  still  remained  visible  to 
him. 

It  has  been  generally  considered  that  this  tele- 
scope was  capable  of  carrying  a  power  of  6000 
times;  and,  perhaps,  for  the  purpose  of  an  ex- 
periment, and  for  trying  its  effect  on  certain  ob- 
jects, such  a  power  may  have  been  applied,  in 
which  case  the  eyeglass  must  have  been  only 
2-25ths  of  an  inch  focal  distance,  or  somewhat 
less  than  l-12th  of  an  inch.  But  such  a  power 
could  not  be  generally  applied  with  any  good  ef- 
fect to  the  planetarj'  bodies,  and  I  quecition  much 
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whether  any  power  above  1000  times?  was  ever 
generally  used;  for  it  is  the  quantity  ol'  light 
which  tlie  telescope  collects,  more  than  the  ma^- 
iiilyin^  power,  tliut  enables  us  to  penetrate,  with 
effect,  into  the  distant  spaces  of  the  firmament; 
and  hence,  as  above  slated,  the  power  seldom  ex- 
ceeded 200,  which,  on  account  of  the  large  di- 
ameter of  the  speculum,  would  enable  the  instru- 
ment to  penetrate  into  the  distant  celestial  spaces 
perhaps  fartlier  than  if  a  power  of  as  many  thou- 
6an(!s  of  times  had  been  applied. 

Sir  John  Herschel,  who  inherits  all  the  science, 
skill,  and  industry  of  his  father,  some  time  ago 
ground  and  polished  a  new  speculum  for  the  20 
feet  tube,  formerly  noticed,  which  is  connected 
with  a  stand,  pulleys,  and  other  appendages  simi- 
lar to  vhose  above  described,  though  of  smaller 
dimensions.  This  telescope  shows  the  double 
stars  exceedingly  well-defined,  and  was  one  of  the 
principal  instruments  used  in  forming  his  cata- 
logue of  tliese  objects  which  was  presented  to  tlie 
Royal  Society,  in  conjunction  with  that  of  Sir 
James  South,  about  the  year  IS'28.  I  suppose  it 
is  likewise  the  same  telescope  with  which  Sir 
John  lately  made  his  sidereal  observations  at  the 
Cape  of  Good  Hope. 


SECTION    III. 

Ramage's  large  reflecting  telescope. 

The  largest  front  view  reflecting  telescope  in 
this  country,  next  to  Herschel's  40  feet  instru- 
ment, is  that  which  vi'as  erected  at  the  Royal  Ob- 
servatory at  Greenwich  in  tlie  year  1820,  by  Mr. 
Ram.age  of  Aberdeen.  The  diameter  of  the  con- 
cave reflector  is  15  inches,  and  its  focal  length  25 
feet.  It  is  erected  on  machinery  which  bears  a 
certain  resemblance  to  that  of  Herschel's,  whip.h 
we  have  now  described,  but  the  mechanical  ar- 
rangements are  greatly  simplified,  so  that  the 
instrument  is  manageable  by  an  observer  without 
an  assistant.  The  tube  is  composed  of  a  twelve- 
sided  prism  of  deal  %ths  of  an  inch  thick.  At 
tlie  mouth  is  a  double  cylinder  of  different  diam- 
eters on  the  same  axis;  around  this  a  cord  is 
wound  by  a  winch,  and  passes  up  from  the  small 
cylinder,  over  a  pulley,  and  down  through  another 
pulley  on  to  the  large  cylinder.  When  the  winch, 
therefore,  is  turned  to  raise  the  telescope,  the 
endless  cord  is  unwound  from  the  smaller  cylin- 
der and  wound  on  to  the  larger,  the  difference  of 
the  size  of  the  two  cylinders  will  be  double  the 
quantity  raised,  and  a  mechanical  force  to  any 
extent  may  thus  be  obtained,  by  duly  proportion- 
ing the  diameters  of  the  two  cylinders:  by  this 
contrivance  the  necessity  of  an  assistant  is  super- 
seded. The  view  through  this  instrument  first 
astonished  those  observers  who  had  not  been  ac- 
customed to  examine  a  heavenly  body  with  a  tel- 
escope possessing  so  much  light,  and  its  perform- 
ance was  deemed  quite  extraordinary.  But  when 
the  first  impression  had  subsided,  and  different 
trials  had  been  made  in  different  states  of  the  at- 
mosphere, it  was  discovered  that  the  central  por- 
tion of  the  speculum  was  more  perfectly  figured 
than  the  ring  bordering  on  the  extreme  edges. 
When  the  aperture  was  limited  to  ten  or  twelve 
inches,  the  performance  as  to  the  distinctness  in 
its  defining  power  was  greatly  improved,  and  the 
light  was  so  brilliant  that  the  astronomer  royal 
was  disposed  to  entertain  an  opinion  that  it  might 
equal  tliat  of  a  good  achromatic  refractor  of  the 
same  dimensions.     When,  however,  very  small 


and  obscure  objects  are  to  bo  observed,  the  wfiole 
light  of  the  entire  afierture  may  be  used  with  ad- 
vantage on  favorable  evenings. 

The  eye])ieces  adapted  to  this  telescope  have 
powers  which  magnify  the  object  linearly  fronj 
100  to  1500  times,  which  are  competent  to  fulfill 
all  the  jiurposes  of  vision  when  cleared  of  aber- 
ration. When  the  telescope  i;^  placed  in  iha 
jjlaneof  the  meridian,  and  elevated,  together  with 
the  gallery,  into  any  required  altitude,  the  meridi' 
oval  strecps,  formerly  practiced  by  Sir  W.  Her- 
sehel,  and  continued  by  Sir  John  with  great 
success,  in  the  examination  of  double  stars  and 
nebula,  may  be  managed  with  great  eu.se. 

Mr.  Ram;ige  iiad  a  telescope  of  about  the  same 
size  erected  in  an  open  space  in  Aberdeen,  vvMiich 
1  had  an  opportunity  of  inspecting  when  I  paid 
a  visit  to  that  gentleman  in  1833,  but  cloudy 
weather  prevented  my  obtaining  a  view  of  any 
celestial  bodies  through  it.  He  showed  me  at 
that  time  two  or  three  large  speculums,  from  12 
to  18  inches  in  diam-ter,  which  he  had  fiiii-ihed 
some  time  before,  and  which  appeared  most  beau- 
tifully polished.  He  told  me,  too,  tliat  be  had 
ground  and  polished  them  simply  with  his  hand, 
without  the  aid  of  any  machinery  or  mechanical 
power  :  a  circumstance  which,  he  said,  astonished 
the  opticians  ol  London  when  it  was  stated,  and 
which  they  considered  as  almost  incredible.  His 
experience  in  casting  and  polishing  metals  of 
various  sizes  during  a  period  of  15  or  16  years 
qualified  him  to  prepare  specula  of  great  luster, 
and  with  an  unusually  high  polish.  It  has  been 
asserted  that  a  fifty  feet  telescope  by  Kamage  of 
21  inches  aperture,  was  intended  to  be  substituted 
for  the  25  l^eet  instrument  erected  at  Greenwich, 
and  the  speculum,  it  is  understood,  was  prepared, 
and  ready  for  use,  provided  the  Navy  Board  was 
disposed  to  defray  the  expense  of  carrying  the 
plan  into  execution;  but,  unfortunately,  this  in- 
genious artist  was  unexpectedly  cut  off  in  the 
midst  of  his  career;  about  the  year  1835. 


SECTION    IV. 
The  aerial  reflector  co.n'structed  by  the 

AUTHOR. 

A  PARTICULAR  description  of  this  telescope  wa.s 
given  in  the  "  Edinburgh  New  Philosophical  Jour- 
nal" for  April — July,  182G,  conducted  by  Profes- 
sor Jameson,  the  greater  part  of  which  was  copied 
in  the  "  London  Encycloptedia,"  under  the  article 
Tehscopc.  From  this  description  I  shall  endeavor 
to  condense  a  brief  account  of  this  instrument, 
with  a  few  additional  remarks. 

About  the  year  1822,  an  old  speculum  27  inches 
in  focal  length,  very  imperfectly  polished,  hap- 
pened accidentally  to  come  into  my  possession, 
and  feeling  no  inclination  to  fit  it  up  in  the  Gre- 
gorian form,  I  adopted  the  resolution  of  throwing 
aside  the  small  speculum,  and  attempting  the/roni 
view,  notwithstanding  the  uniform  assertion  of 
opticians  that  such  an  attempt  in  instruments  of 
a  small  size  is  impracticable.  I  had  some  ground 
for  expecting  success  in  this  attempt  from  several 
experiments  I  had  previously  made,  particularly 
from  some  modifications  made  in  the  construc- 
tion of  astronomical  eyepieces,  which  have  a  ten- 
dency to  correct  the  aberration  of  the  rays  of 
light  when  they  proceed  somewhat  obliquely  from 
a  lens  or  speculum.  In  the  first  instance,  I  placed 
the  speculum  at  one  end  of  a  tube  of  the  form  of 
the  segment  of  a  cone,  the  end  next  the  eye  being 
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•omewhat  wider  than  that  at  which  the  speculum 
was  fixed,  and  its  length  about  an  inch  shorter 
than  the  focal  distance  of  the  mirror.  A  small 
tube  for  receiving  the  different  eyepieces  was  fixed 
ill  the  inside  of  the  large  tube  at  the  end  next  the 
eye,  and  connected  with  an  apparatus  by  which 
it  could  occasionuUy  be  moved  either  in  a  vertical 
or  horizontal  direction.  With  the  instrument 
fitted  up  in  this  manner,  I  obtained  some  inter- 
esting} views  of  the  moon  and  of  terrestrial  ob- 
jects; but,  finding  that  one  side  of  the  tube  in- 
tercepted a  considerable  portion  of  light  from  the 
object,  I  determined  to  throw  aside  the  tube 
altogether,  and  to  fit  up  the  instrument  on  a  dif- 
ferent plan. 

A  short  mahogany  tube,  about  three  inches 
"ong,  was  prepared,  to  serve  as  a  socket  for  hold- 
ing the  speculum.  To  the  side  of  this  tube  an 
arm  was  attaciied,  about  the  length  of  the  focal 
distance  of  the  mirror,  at  the  extremity  of  which 
a  brass  tube  for  receiving  the  eyepieces  was  fixed, 
connected  with  screws  and  sockets,  by  which  it 
might  be  raised  or  depressed,  and  turned  to  the 
right  hand  or  to  the  left,  and  with  adjusting  ap- 
paratus, by  whicii  it  might  be  brougiit  nearer  to 
or  farther  from  the  speculum.  Fig.  69  exhibits  a 
general  representation  of  the  instrument  in  pro- 
file. ^  B  is  the  short  tube  which  holds  the  spe- 
culum; C  X)  the  arm  which  carries  the  eyetubes, 
which  consists  of  two  distinct  pieces  of  mahog- 
any; the  part  D  being  capable  of  sliding  along 
the  under  side  of  C,  through  tiie  brass  sockets  E 
F.  To  the  under  part  of  the  socket,  F,  is  at- 
tached a  brass  nut  with  a  female  screw,  in  which 
the  male  screw,  a  b,  acts  by  applying  the  hand  to 
the  knob  c,  which  serves  for  adjusting  the  instru- 
ment to  distinct  vision.  G  is  the  brass  tube  which 
receives  the  eyepieces.  It  is  supported  by  a  strong 
brass  wire,  d  e,  which  passes  through  a  nut  con- 
nected with  another  strong  wire,  which  passes 
through  the  arm  D.  By  means  of  the  nut  f,  this 
tube  may  be  elevated  or  depressed,  and  firmly 
fixed  in  its  proper  position;  and  by  the  nut  d  it 
may  be  brought  nearer  to,  or  farther  from,  the 
arm  D. 

By  the  same  apparatus  it  is  also  rendered  capa- 
pable  of  being  moved  either  in  a  vertical 
or  horizontal  direction;  but  when  it  is  once 
adjusted  to  its  proper  position,  it  must  be 
firmly  fixed,  and  requires  no  further  atten- 
tion. The  eyepiece  represented  in  this  fi- 
gure is  the  one  used  for  terrestrial  objects, 
which  consists  of  the  tubes  belonging  to 
a  pocket  achromatic  telescope.  When  an 
astronomical  eyepiece  is  used,  the  length 
of  the  instrument  extends  only  to  the  point 
/.  In  looking  through  this  telescope  the 
right  eye  is  applied  to  the  point  H,  and 
the  observer's  head  is  understood  to  be  un- 
covered, or,  at  least  tightly  covered  with  a 
thin  cap.  For  those  who  use  only  the  left 
eye,  the  arm  would  require  to  be  placed  on 
the  opposite  side  of  the  tube,  or  the  arm, 
along  with  the  tube,  be  made  to  turn  round 
180  degrees. 

Fig.  70  represents  a  front,  or  rather  an 
oblique  view  of  the  instrument,  in  which 
the  position  of  the  speculum  may  be  seen.  All 
the  specula  which  I  fitted  up  in  this  form  having 
been  originally  intended  for  Gregorian  reflectors, 
have  holes  in  their  centers.  The  eyepiece  is 
therefore  directed  to  a  poinj.  nearly  equidistant 
feom  the  hole  to  the  left  hand  edge  of  the  specu- 
lum, that  is  to  the  point  a.  In  one  of  these  in- 
struments fitted  up  with  a  four  feet  speculum,  the 
line  of  vision  is  directsd  to  the  point  b  on  the  op- 


posite side  of  the  speculum,  but  in  this  case  the 
eyetube  is  removed  farther  from  the  arm  than  in 
the  former  case.  The  hole  in  the  center  of  the 
speculum  is  obviously  a  defect  in  this  construction 
of  a  reflecting  telescope,  as  it  prevents  us  from 
obtaining  the  full  advantage  of  the  ra3's  which 
fall  near  the  center  of  the  mirror;  yet  the  per- 
formance of  the  instruments,  even  with  this  dis- 
advantage, is  superior  to  what  we  should  previous- 
ly have  been  led  to  expect. 

The  principal  nicety  in  the  construction  of  the 
instrument  consists  in  the  adjustment  and  proper 
direction  of  the  eyetube.  There  is  only  one  po- 
sition in  whicli  vision  will  be  perfectly  distinct. 
It  must  be  neither  too  high  nor  too  low;  it  must 
be  fixed  at  a  certain  distance  from  the  arm,  and 
must  be  directed  to  a  certain  point  of  the  specu- 
lum. This  position  must  be  ultimately  deter- 
mined by  experiment  when  viewing  terrestrial 
objects.  A  person  unacquainted  with  this  con- 
struction of  the  telescope  would  perhaps  find  it 
difficult,  in  the  first  instance,  to  make  this  aajust- 
ment;  but  were  it  at  any  time  deranged,  through 
accident  or  otherwise,  I  can  easily  make  the  ad- 
justment anew  in  the  course  of  a  minute  or  two. 

In  pointing  this  telescope  to  the  object  intended 
to  be  viewed,  the  eye  is  applied  at  K,  fig.  69,  and 
looking  along  the  arm,  toward  the  eyepiece,  until 
it  nearly  coincides  with  the  object,  it  will,  in  most 
cases  be  readily  found.  In  this  way  I  can  easily 
point  this  instrument  to  Jupiter  or  Saturn,  or  to 
any  of  the  other  planets  visible  to  the  naked  eye, 
even  when  a  power  of  160  or  170  times  is  applied. 
When  high  magnifying  powers,  however, are  used, 
it  may  be  expedient  to  fix,  on  the  upper  part  of 
the  short  tube  on  which  the  speculum  rests,  a 
finder,  such  as  that  which  is  used  in  Newtonian 
telescopes.  When  the  moon  is  the  object  intended 
to  be  viewed,  she  may  be  instantly  found  by  mov- 
ing the  instrument  until  her  reflected  image  be 
seen  from  the  eye-end  of  the  telescope  on  the 
face  of  the  mirror. 

J,  have  fitted  up  several  instruments  of  the  above 
description  with  specula  of  16,  27,  35,  and  49 
inches  focal  distance.  One  of  these,  having  a 
speculum  of  27  inches  focal  length,  and  an  astrono- 

Fig.  69. 


mical  eyepiece,  producing  a  magnifying  power  of 
about  90  times,  serves  as  a  good  astronomical  tele- 
scope. By  this  instrument  the  belts  and  satellites 
of  Jupiter,  the  ring  of  Saturn,  and  the  mountains 
and  cavities  of  the  moon,  may  be  contemplated 
with  great  ease  and  distinctness.  With  a  magni- 
fying power  of  ii5  or  40  times,  terrestrial  objects 
appear  remarkably  bright  and  well-defined.  Wheu 
compared  with  a  Gregorian,  the  quantity  of  light 
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upon  the  object  appears  nearly  doubled,  and  the 
image  is  equally  distinct,  although  the  speculum 
has  several  blemishes,  and  its  surface  is  but  im- 
perfectly polished.  It  represents  objects  in  their 
natural  colors,  without  that  dingy  and  yellowish 
tinge  which  appears  when  looking  through  a 
Gregorian.    Another  of  these  instruments  is  about 

Fig.  70. 


four  feet  long.  The  speculum  which  belongs  to 
it  is  a  very  old  one:  when  it  came  into  my  pos- 
session, it  was  so  completely  tarnished  as  scarcely 
to  reflect  a  ray  of  light.  After  it  was  cleaned, 
it  appeared  to  be  scarcely  half  polished,  and  its 
surface  is  covered  with  yellowish  stains  which 
cannot  be  erased.  Were  it  fitted  up  upon  the 
Gregorian  plan,  it  would,  I  presume,  be  of  very 
little  use,  unless  when  a  very  small  magnifying 
power  was  applied;  yet  in  its  present  form  it 
bears  with  distinctness  a  magnifying  power  of  130 
times,  and  is  equal  in  its  performance  to  a  3)^  feet 
achromatic.  It  exhibits  distinct  and  interesting 
views  of  the  diversities  of  shade,  and  of  the  moun- 
tains, vales,  cavities  and  other  inequalities  of  the 
moon's  surface.  With  a  power  of  about  50  times, 
and  a  terrestrial  eyepiece,  it  forms  an  excellent 
telescope  for  land  objects,  and  exhibits  them  in  a 
brilliant  and  novel  aspect.  The  smallest  instru- 
ment I  have  attempted  to  construct  on  this  plan 
is  only  5)^  inches  focal  distance,  and  l^^ths  of  an 
inch  in  diameter.  With  a  magnifying  power  of 
about  15  times,  it  shows  terrestrial  objects  with 
distinctness  and  brilliancy.  But  I  should  deem  it 
inexpedient  to  fit  up  any  instrument  of  this  de- 
scription with  specula  of  a  shorter  focal  distance 
than  20  or  24  inches.  The  longer  the  focal  dis- 
tance, the  more  distinctness  may  be  expected,  al- 
though the  aperture  of  the  speculum  should  be 
comparatively  small. 

The  following  are  some  of  the  properties  and 
advantages  peculiar  to  this  construction  of  the 
reflecting  telescope: 

1.  It  is  extremely  simple,  and  may  be  fitted  up  at 
a  comparatively  sinalL  expense.  Instead  of  large 
and  expensive  brass  tubes,  such  as  are  used  in  the 
Gregorian  and  Newtonian  construction,  little  more 
is  required  than  a  short  mahogany  tube,  two  or 
three  inches  long,  to  serve  as  a  socket  for  the  spe- 
culum, with  an  arm  connected  with  it  about 
the  focal  length  of  the  speculum.  The  ex- 
pense  of  small  specula,  either  plain  or  concave, 


is  saved,  together  with  the  numerous  screwa, 
springs,  (.V,c.,  for  centering  the  two  specula, 
and  placing  the  small  mirror  parallel  to  tin'  large 
one.  The  only  adjustment  requisite  in  tiiis  con- 
struction is  tliitt  of  the  eyetube  to  the  speculum; 
and,  by  means  of  t!ie  simple  apparatus  above  de- 
scribed, it  can  be  eftected  in  the  course  of  a  few 
minutes.  Almost  the  vvliole  expense  of  the  in- 
strument consists  in  tlie  price  of  the  speculum 
and  the  eyepieces.  Thee.vpense  of  fitting  up  the 
four  feet  speculum  alluded  to  ahovc,  exdusize  of 
speculum  and  eyepiece,  but  inclutJing  maiiogany 
tube  and  arm,  brass  sockets,  screws,  eyetube,  brass 
joint,  and  a  cast-iron  stand,  painled  and  varni.shed, 
did  not  amount  to  £\  8s.  A  Gregorian  of  the 
same  size  would  have  required  a  brass  tube  at 
least  4}-2  feet  in  length,  wiiich  vvotdd  cost  five  or 
six  guiiu>as,  beside  the  apparatus  connected  with 
the  small  speculum,  and  the  additional  expense 
connected  with  the  fitting  up  of  the  joint  and 
stand  requisite  for  supporting  and  steadying  .so  un- 
wieldy an  instrument.  Wliile  the  one  instrument 
would  require  two  persons  to  carry  it  from  one 
room  to  another,  and  would  occupy  a  considerable 
space  in  an  ordinary  apartment,  the  oilier  can  be 
moved  with  the  utmost  ease,  with  one  hand,  to  any 
moderate  distance,  and  the  space  it  occupies  is  ex- 
tremely small. 

2.  It  is  more  convenient  for  viewing  celestial  ob- 
jects at  a  high  altitude  than  other  telescopes.  When 
we  look  through  a  Gregorian  reflector  or  an  ach- 
romatic telescope  of  four  or  five  feet  in  length,  to 
an  object  elevated  50  or  60  degrees  above  the  ho- 
rizon, the  body  M  juires  to  be  placed  in  an  uneasy 
and  distorted  position,  and  the  ej'e  is  somewhat 
strained  while  the  observation  is  continued;  but 
when  viewing  similar  objects  by  the  Aerial  Re- 
flector, we  can  either  stand  perfectly  erect,  or  sit 
on  a  chair,  with  the  same  ease  as  we  sit  at  a  desk 
when  reading  a  book  or  vi^riting  a  letter.  In  this 
way,  the  surface  of  the  moon  or  any  other  of  the 
planets  may  be  contemplated  for  an  hour  or  two 
without  the  least  weariness  or  fatigue.  A  deli- 
neation of  the  lunar  surface  maybe  taken  with 
this  instrument  with  more  ease  and  accuracy  than 
with  any  other  instrument,  as  the  observer  can 
sketch  the  outline  of  the  object  by  oneeye  on  a  tablet 
placed  a  little  below  the  eyepiece,  while  the  otlier 
eye!  is  looking  at  the  object.  For  the  purpose  of 
accommodating  the  instrument  to  a  sitting  or 
standing  posture,  a  small  table  was  constructed, 
capable  of  being  elevated  or  depressed  at  pleasure, 
on  which  the  stand  of  the  telescope  is  placed. 
When  the  telescope  is  four  or  five  feet  long,  and 
the  object  at  a  very  high  elevation,  the  instrument 
may  be  placed  on  the  floor  of  the  apartment,  and 
the  observer  will  stand  in  an  erect  position. 

3.  This  instrument  is  considerably  shorter  than 
a  Gregorian  telescope  whose  mirror  is  of  the  same 
focal  length.  When  an  astronomical  eyepiece  is 
used,  the  whole  length  of  the  instrument  is  no- 
thing more  than  the  focal  length  of  the  speculum; 
but  a  Gregorian,  whose  large  speculum  is  four 
feet  focus,  will  be  nearly  five  feet  in  length,  in- 
cluding the  eyepiece. 

4.  The  Aerial  Reflector  far  excels  the  Grego- 
rian in  brightness.  The  deficiency  of  light  in 
the  Gregorians  is  owing  to  the  second  reflection 
from  the  small  mirror;  for  it  b.as  been  proved  by 
experiment  that  nearly  the  one-half  of  the  rays 
of  light  which  fall  upon  a  reflecting  surface  is 
lost  by  a  second  reflection.  The  image  of  the 
object  may  also  be  presumed  to  be  more  correct, 
as  it  is  not  liable  to  any  di-stortion  by  being  re- 
flected from  another  speculum. 

5.  There  in  less  tremor  in  these  telescopes  thru 
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III  (Sregorian  reflectors.  One  cause,  among  others, 
oi  liie  troinors  complained  of  in  Grrgoriuns  is,  I 
presuiii'?,  tlie  formation  of  a  sicond  image  itt  a 
great  tlisiance  from  the  first,  beside  tlial  wliich 
arises  from  the  elastic  tremor  of  the  small  specu- 
lum, wlun  carried  by  an  arm  s'upporied  only  at 
one  end;  but  as  the  image  formed  by  the  speculum, 
in  the  atrial  telescope  is  viewed  dirfctly,  without 
being  exposed  to  any  subsequent  retieetion,  it  is 
not  so  liable  to  the  tremors  which  are  so  fre- 
quently experienced  in  other  retlcctors.  Not- 
withstanding the  length  of  the  arm  of  the  four 
feet  telescope  above  mentioned,  a  celestial  object 
appears  remarkably  steady  when  passing  across 
the  li'ld  of  view,  especially  when  it  is  at  a  mod- 
erate di'gree  of  altitude;  and  it  is  easily  kept  in 
the  field  by  a  gentle  motion  applied  to  the  arm  of 
the  instrument. 

In  prosecuting  my  experiments  in  relation  to 
these  instruments,  I  wished  to  ascertain  what 
effect  might  be  produced  by  using  a  part  of  a  spec- 
ulum instead  of  the  whole.  For  this  purpose,  I 
cut  aspiculam, three  feet  in  focal  length,  through 
the  center,  so  as  to  divide  it  into  two  equal  parts, 
and  fitted  up  each  part  as  a  distinct  telescope,  so 
that  I  obtained  two  telescopes  from  one  speculum. 
In  this  case,  I  found  tliat  each  half  of  the  spec- 
ulum performed  nearly  as  well  as  the  whole 
speculum  had  done  before;  at  least,  there  appear- 
ed to  be  no  wry  sensible  diminution  in  the  bright- 
ness of  the  object,  when  viewed  with  a  moderate 
power,  and  the  image  was  equally  accurate  and 
distinct;  so  that  if  economy  were  a  particular 
object  aimed  at  in  the  construttiou  of  these  in- 
struments, two  good  telescopes  might  be  obtained 
from  one  speculum;  or  if  a  speculum  happened 
to  be  broken  accidentally  into  large  fragments,  one 
or  more  of  the  fragments  may  be  fitted  up  on  this 
princi,T!e  to  serve  as  a  tolerably  good  telescope. 

From  the  experiments  I  have'  made  in  reference 
to  thtae  instruments,  it  is  demonstrable  that  a 
iuhe  is  not  necessary  in  the  construction  of  a  re- 
flecting telescope — at  least,  on  the  principle  now 
stated — whether  it  be  used  by  day  or  by  night, 
for  terrestrial  or  celestial  objects;  for  I  have  fre- 
quently used  these  telescopes  in  the  open  air  in 
the  day-time,  without  any  inconvenience  from 
extraneous  light.  Therefore,  were  a  reflecting 
telescope  of  50  or  60  feet  in  length  to  be  con- 
Btrucied,  it  might  be  fitted  up  at  a  comparatively 
small  expense,  after  the  expense  of  tlie  metallic 
substances,  and  of  casting,  grinding,  and  polishing 
the  speculum  is  defrayed.  The  largest  instrument 
of  this  descriptiou  which  has  hitherto  been  con- 
structed is  the  40  feet  reflector  of  Sir  W.  Her- 
schel.  This  complicated  and  most  unwieldy 
instrument  had  a  tube  of  rolled  or  sheet  iron  .39 
feet  4  inches  in  length,  about  15  feet  in  circum- 
ference, and  weighed  about  8000  pounds.  Now  I 
conceive  that  such  enormous  lubes,  in  instru- 
ments of  such  dimensions,  are  altogether  un- 
necessary. Nothing  more  is  requisite  than  a 
short  tube  for  holding  the  speculum.  Connected 
with  one  side  of  this  tube  (or  with  both  sides 
were  it  found  necessary),  two  strong  bars  of  wood, 
projecting  a  few  feet  beyond  the  speculum  end, 
and  extending  in  front  as  far  as  the  focal  length 
of  the  mirror,  and  connected  by  cross-bars  of 
wood,  iron,  or  brass,  would  be  quite  sufficient  for 
a  support  to  the  eyepiece,  and  for  directing  the 
motion  of  the  instrument.  A  telescope  of  40  or 
50  feet  in  length,  constructed  on  this  plan,  would 
not  require  one-fifth  of  the  expense,  nor  one- 
fourtl  of  the  apparatus  and  mechanical  power 
for  n  oving  it  to  any  i  squired  position,  which 
were  found  necessary  in  the  construction  of  Sir 
Vol.  II.— 35 


W.  Herschel's  large  reflecting  telescope.  The 
idea  here  suggested  will  perhaps  be  more  readily 
appreciated  by  an  inspection  of  fig.  71,  where  A 
is  the  short  tube,  B  C  and  D  E  the  two  large  bars 
or  arms,  connected  with  crossbars,  for  the  pur- 
pose of  securing  strength  and  steadiness.  At  / 
and  K,  behind  the  speculum,  weights  migiit  be 
applied,  if  necessary,  for  counterbalancing  the 
lever  power  of  the  long  arm.  F  represents  th« 
position  of  the  eyepiece,  anri  G  H  the  joint  and 
part  of  the  pedestal  on  which  the  instrument  ia 
placed.  With  regard  to  telescopes  of  smaller  di- 
mensions, as  fronts  to  15  feet  in  focal  length — 
with  tlie  exception  of  the  expense  of  the  .specula 
and  eyepieces — they  might  be  fitteJ  up  for  a  sum 
not  greater  than  from  3  to  10  or  15  guineas. 


Fi<r.  71 


Were  any  person  to  attempt  the  construction 
of  those  telescopes,  it  is  possible  he  might  not 
succeed  in  his  first  attempts  without  more  minute 
directions  than  I  have  yet  given.  The  following 
directions  may  perhaps  tend  to  guide  the  experi- 
menter in  adjusting  the  eye-tube  to  the  speculum, 
which  is  a  point  that  requires  to  be  particularly 
attended  to,  and  on  which  depends  the  accurate 
performance  of  the  instrument.  After  having 
fixed  the  eyepiece  nearly  in  the  position  it 
should  occupy,  and  directed  the  instrument  to  a 
particular  object,  look  along  the  arm  of  the  tele- 
scope, from  K  (fig.  69),  to  the  extremity  of  the 
eyepiece  at  H,  and  observe  whether  it  nearly 
coincides  with  the  object.  If  the  object  appear 
lower  than  this  line  of  vision,  the  eyepiece  must 
be  lowered,  and  if  higher,  it  must  be  raised,  by 
means  of  the  nuts  and  screws  &t  g  d  and  f  e,  until 
the  object  and  the  line  of  vision  now  stated  nearly 
coincide.  The  eyepiece  should  be  directed  as 
nearly  perpendicular  to  the  front  of  the  speculum 
as  possible,  but  so  that  the  reflected  image  of 
one's  head  from  the  mirror  shall  not  interfere  to 
obstruct  the  rays  from  the  object.  An  object 
may  be  seen  with  an  approximate  degree  of  dis- 
tinctness, but  not  accurately,  unless  this  adjust- 
ment be  pretty  accurately  made.  The  astronom- 
ical eyepieces  used  for  these  telescopes  are  fitted 
with  a  brass  cap,  which  slides  on  the  end  next 
the  eye,  and  is  capable  of  being  brought  nearer  to 
or  farther  from  the  first  eyeglass.  In  the  center 
of  this  cap,  next  the  eye,  is  a  small  hole,  about 
the  l-40th  or  l-50th  of  an  i)icli  diameter,  or 
about  as  wide  as  to  admit  tlie  point  of  a  pin"  or  a 
moderate-sized  needle.  The  distance  of  this  hole 
from  the  lens  next  the  eye  must  be  adjusted  by 
trial,  until  the  whole  field  of  view  appears  distinct 
A  common  astronomical  eyepiece,  v/ithout  this 
addition,  does  not  answer  well.  I  find,  by  expe- 
rience, that  terrestrial  eyepieces,  such  as  those 
used  in  good  achromatic  telescopes,  are,  on  tho- 
whole,  best  adapted  to  this  construction  of  a  re- 
flecting telescope. 

I  have  sometimes  used  these   instruments  for 
the  purpose  of  viewing  perspective  prints,  which 
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they  exhibit  in  a  beautiful  and  interesting  manner. 
If  a  colored  perspective  be  placed  at  one  end  of  a 
large  room  or  gallery,  and  strongly  illuminated 
either  by  the  sun  or  by  two  candles,  and  one  of 
thy  reflectors,  furnished  with  a  small  mmjnij'ying 
power,  placed  at  the  opposite  end  of  the  room,  the 
represenlation  of  a  street  or  a  landscape  will  be 
seen  in  its  true  perspective,  and  will  appear  even 
rnore  pleasant  and  interesting  than  whea  viewed 
tlirough  the  common  optical  dia.jOiial  machine.  If 
an  inverting  eyepiece  be  used — which  is  most 
eligible  in  this  experiment — Ihc  print,  of  course, 
must  be  placed  in  an  inverted  position. 

Tliat  rcfl'cfing  telescopes  of  the  descriptions 
now  stated  are  original  in  their  construction, 
appears  from  the  uniform  language  of  optical 
writers,  some  of  whom  have  pronounced  such 
attempts  to  be  altogether  impracticable.  Sir 
David  Brewster,  one  of  the  latest  and  most 
respectable  writers  on  this  subject,  in  the  "Euin- 
burgh  Encyclopedia,"  art.  Optics,  and  in  the  last 
edition  of  his  Appendix  to  "  Ferguson's  Lectures," 
has  the  following  remarks:  "If  we  could  dispense 
with  the  use  of  the  small  specula  in  telescopes  of 
moderate  length,  by  inclining  the  great  speculum, 
and  using  an  oblique,  and,  consequently,  a  dis- 
torted reflection,  as  proposed  first  by  Le  Maire, 
we  should  consider  the  Newtonian  telescope  as 
perfect;  and  on  a  large  scale,  or  when  the  instru- 
ment exceeds  20  feet,  it  lias  undoubtedly  this 
character,  as  nothing  can  be  more  simple  than  to 
magnify,  by  a  single  eyeglass,  the  image  formed 
by  a  single  speculum.  As  the  front  view  is  quite 
impracticable,  and,  indeed,  has  never  been  attempted 
in  instruments  of  a  small  size,  it  becomes  of  great 
practicable  consequence  to  remove  as  much  as 
possible  the  evils  which  arise,  from  the  use  of  a 
small  speculum,"  &c. 

The  instruments  now  described  have  effectuat- 
ed, in  some  degree,  the  desirable  object  alluded 
to  by  this  distinguished  philosopher,  and  the 
mode  of  construction  is  neither  that  of  Sir  W. 
Herschel's  front  view,  nor  does  it  coincide  with 
that  proposed  by  Le  Maire,  which  appears  to  have 
been  a  mere  hint  that  was  never  realized  in  tbe 
construction  of  reflecting  telescopes  of  a  small 
size.  The  simplicity  of  the  construction  of  these 
instruments,  and  the  excellence  of  their  perform- 
ance, have  been  much  admired  by  several  scientific 
gentlemen  and  others  to  whom  they  have  been 
exhibited.  Prior  to  the  description  of  them  in 
the  Edinburgh  Philosophical  Journal,  they  were 
exhibited  in  the  Calton  Hill  Observatory,  Edin- 
burgh, in  the  presence  of  Professor  Wallace  and 
another  gentleman,  who  compared  their  perform- 
ance with  that  of  an  excellent  Gregorian.  As 
this  instrument  is  distinguished  from  every  other 
telescope  in  being  used  without  a  tube,  it  has 
been  denominated  "  The  Aerial  Reflector.''' 


SECTION    V. 
Earl  of  Rosse's  reflecting  telescopes. 

Tins  nobleman,  unlike  many  of  his  compeers, 
has,  for  a  considerable  number  of  years  past,  de- 
vote I  his  attention  to  the  pursuits  of  science,  and 
piirticukirly  to  the  improvement  of  reflecting  tel- 
escopes He  is  evidently  possessed  of  high 
mathematical  attainments,  combined  with  an  un- 
common ilegree  of  mechanical  ingenuity.  About 
14  or  15  years  ago,  he  engaged  in  various  ex])eri- 
ments  with  the  view  of  counteracting  the  effects 
of  the  spherical  aberration  of  the  specuia  of  re- 


flecting telescopes,  which  imperfection,  if  it  could 
be  completely  remi?died,  would  render  the  reflect- 
ing telescope  almost  a  perfect  instrument,  as  it  ia 
not  affected  by  the  different  refrangibility  of  the 
rays  of  light.  His  method,  we  believe,  consi.sted 
in  forming  a  large  speculum  of  two  or  three 
separate  pieces  of  metal,  which  were  afterward 
accurately  combined  into  one — a  central,  part, 
which  was  surrounded  by  one  or  two  rings 
ground  on  the  same  tool.  When  the  images 
formed  by  the  s'^parate  pieces  were  made  exactly 
to  coincide,  the  irsiHge  of  the  object  toward  wliich 
tlie  whole  speculum  was  directed  was  then  found 
to  be  as  distinct  as  either  image  had  been  when 
separate;  but,  at  the  period  referred  to,  a  sufficient  . 
number  of  experiments  had  not  been  made  to  de-  ^ 
terraine  that  his  lordsiiip  had  completely  accom- 
plished the  object  he  intended. 

Great  interest,  however,  has  of  late  been  exci-« 
ted  by  the  improvements  which  his  lordship  has 
made  in  the  formation  of  specula.  Sir  W..  Iler- 
schel  never  made  public  the  means  by  which  he 
succeeded  in  giving  such  gigantic  development  to 
the  reflecting  telescope,  and  therefore  the  con- 
struction of  a  large  reflector  has  been  considered 
as  a  perilous  adventure;  but,  according  to  a  re- 
port of  Dr.  Robinson,  of  Armagh,  to  the  Irish 
Academy,  the  Earl  of  Rosse  has  overcome  the 
difliculties  which  have  hitherto  been  met  with, 
and  carried  to  an  extent  which  even  Herschel 
himself  did  not  venture  to  contemplate,  the  illu- 
minating power  of  this  telescope,  along  with  a 
sharpness  of  definition  little  inferior  to  that  of  the 
achromatic;  and  it  is  scarcely  possible,  he  ob- 
serves, to  preserve  the  necessary  sobriety  of  lan- 
guage in  speaking  of  the  moon's  appearance  with 
this  instrument,  which  Dr.  Robinson  believes  to 
be  the  most  powerful  ever  constructed.  The  dif» 
ficulty  of  constructing  large  specula,  and  of  im- 
parting to  them  the  requisite  degree  of  polish, 
has  hit^herto  been  considered  so  great,  that  from 
eight  to  twelve  inches  diameter,  has  been,  in  gen- 
eral, their  utmost  size;  indeed,  except  with  the 
greatest  reluctance,  London  opticians  would  not 
accept  of  orders  for  specula  of  more  than  nine 
inches  in  (iiameter.  It  appears,  however,  that  the 
Enrl  of  Rosse  has  succeeded,  by  a  jieculiar  method 
of  moldinir,  in  casting  object- mirrors  of  true  .<!/je- 
cidum  metal  of  three  feet  in  diameter,  and  of  a 
iL-ei  iM  exceeding  17  cwt.  He  is  about  to  construct 
a  telescope,  the  speculum  of  wiiich  is  six  feet  in 
diameter,  fifty  feet  focal  distance,  and  of  the 
weight  of  four  tons;  and  from  what  he  has  al- 
ready accomplished,  it  is  not  doubted  that  he  pos- 
sesses the  power  to  carry  his  design  into  eff-ct. 
These  great  masses  of  metal,  whicli,  in  the  hands 
of  all  other  makers  of  specula,  would  have  been 
as  untractable  as  so  much  unannealed  flint  glass, 
the  Earl  of  Rosse  has  farther  succeeded  in  bring* 
ing  to  the,^  highest  degree  of  polish,  and  the  ut- 
most perfection  of  curvature,  by  means  of  ma- 
chinery. The  process  is  conduct.'d  un.Jer  water, 
by  which  menus  those  variations  of  temperature, 
so  fatal  to  the  finest  specula  hitherto  attempted, 
are  effectually  guarded  agsinst.  To  convince  Dr 
Robinson  of  tjie  efficacy  of  this  machinery,  the 
Earl  took  the  three-feet  speculum  out  of  its  tele- 
scope, destroyed  its  polished  surface,  and  placed 
it  under  the  mechanical  polisher.  In  six  houu  It 
was  taken  out  with  a  perfect  new  surface  a>  bright 
as  the  original.  Under  the  old  system  of  hand 
polishing,  it  might  have  required  months,  and 
even  years  to  eff^'Ct  this  restoration.  Even  before 
achieving  these  extraordinary  triumphs  on  the 
solid  substance,  his  lordship  had  constrm  led  a 
six-feet  reflector  by  covering  a  curved  surtoca  of 
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brsss  with  squares  of  llie  tine  speculum  metal, 
wlii'.'h  gave  an  immense  quii.ititj^  of  light,  though 
sii  j.ct  to  some  irn-guiarities,  arising  from  the 
nii.nber  of  joinings  n.cessary  in  such  a  mosaic 
Wdrk.  Of  tlie  performance  of  liis  lordship's 
great  telescope,  mountea  with  this  reflector,  those 
V  ho  have  seen  it  speak  in  terms  of  high  admira- 
iion;  but  in  reference  to  the  smaller  and  more 
perfect  instrument,  furnished  with  the  solid  ihree- 
iV'ft  speculum,  the  language  of  thi-  Armagh  as- 
tronomer assumes  a  tone  of  enthusiasm,  and  even 
of  sublimity.  By  means  of  Ibis  exquisite  instru- 
ment, Dr.  Robfiison  and  Sir  J.  Soutli,  in  the  inter- 
vals of  a  rather  unfavorable  nigiit,  saw  several 
new  stars,  and  corrected  numerous  errors  of  other 
observers.  For  example,  the  planet  Uranus,  sup- 
posed to  possess  a  ring  similar  to  that  of  Saturn, 
was  found  not  to  have  any  such  appendage;  and 
tiiose  nebuliE,  hitherto  reganied,  from  their  appa- 
rently circular  outline,  as  "coalescing  systems," 
ajipeared,  when  tested  by  the  three-feet  speculum, 
to  be  very  far  indeed  from  presenting  a  globular 
appearance,  numerous  oti'shoots  and  appendages, 
invisible  by  other  telescopes,  appearing  in  all  di- 
rections radiating  from  their  edges.  Such  dis- 
coveries, which  reflect  great  honor  on  the  Earl 
of  Rosse,  will  doubtless  have  great  effect  on  the 
interests  of  astronomical  science.* 


SECTION   VI. 
Rkflecting  telescopes  with  glass  specula. 

After  making  a  variety  of  experiments  with 
mrial  telescopes  constructed  of  metallic  specula 
of  different  focal  lengths,  I  constructed  a  tele- 
scope on  the  same  plan  v/ith  a  concave  glass  mir- 
ror. Having  obtained  a  fragment  of  a  very  large 
convex  mirror  which  happened  accidentally  to 
have  been  broken,  I  caused  the  convex  side  to  be 
foliated  or  silverized,  and  found  its  focal  length  to 
be  about  27  inches.  This  mirror,  which  was 
about  tive  inches  diameter,  I  placed  in  one  of  tlie 
aerial  reflectors  instead  of  the  metallic  speculum, 
and  tried  its  effects  with  different  terrestrial  eye- 
pieces. With  a  power  of  about  35  or  40  times, 
It  gave  a  beautiful  and  splendid  view  of  distant 
terrestrial  objects,  the  quantity  of  light  reflected 
from  them  being  considerably  greater  than  when 
e  metallic  speculum  was  used,  and  they  appeared, 
on  the  whole,  well-defined.  The  only  imperfec- 
tion— as  I  had  foreseen — consisted  in  a  double 
image  being  formed  of  objects  which  were  re- 
markably bright  and  white,  such  as  a  lighthouse 
whitened  on  the  outside,  and  strongly  illuminated 
by  the  sun.  One  of  the  images  was  bright,  and 
tlie  other  faint.  This  was  obviously  owing  to  the 
two  reflections  from  the  two  surfaces  of  the  mir- 
ror— one  from  the  convex  silverized  side,  and  the 
other  from  the  concave  siile  next  the  eye,  which 
produced  the  faint  image — which  circmnstanco 
has  been  generally  considered  as  a  sufficient  rea- 
son for  rejecting  the  use  of  glass  specula  in  tele- 
scopes. But,  although  very  bright  objects  exhib- 
ited a  double  image,  almost  all  the  other  objects 
in  the  terrestrial  landscape  appeared  quite  distinct 
and  without  any  secondary  image,  so  that  a  com- 
mon observer  could  scarcely  have  noticed  any 
imperfection.  When  the  instrument,  however, 
was   directed  to  celestial  objects,  the   secondary 


•  A  paiticular  account  of  the  Earl  of    Rosse's  fifty-feet 
reflector,  which  is  now  tjuisheii,  is  given  in  the  Appendix. 


image  was  somewhat  vivid,  so  that  every  object 
a[)peared  double.  Jupiter  appeared  with  two 
bodies,  at  a  little  distance  from  each  other,  and 
iiis  four  satellites  appeared  increased  to  eight. 
Tlie  moon  likewise  appeared  as  a  double  orb,  but 
tiie  principal  image  was  distinct  and  well-ile!ined. 
Such  a  telescope,  therefore,  was  not  well  adapted 
for  celestial  observations,  but  might  answer  well 
enough  for  viewing  terrestrial  objects. 

Coasid.^ring  that  the  injurious  effects  of  the 
secondary  image  arose  from  the  images  reflected 
from  the  two  surfaces  being  formed  near  the  siime 
point,  and  at  nearly  the  same  focal  distance,  I 
formed  a  plan  for  destroying  the  secondary  image, 
or  at  least  counteracting  its  effects,  by  forming 
the  concavity  of  the  mirror  next  the  eye  of  a 
portion  of  a  sphere  different  from  that  of  the  con- 
vex side  which  was  silverized,  and  from  wliich 
the  principal  image  is  formed;  but,  for  a  long 
time,  I  could  find  no  opticians  possessed  of  tools 
of  a  sufficient  length  of  radii  for  accomplishing 
my  design.  At  length  a  London  working  opti- 
cian undertook  to  finish  a  glass  speculum  accord- 
ing to  my  directions,  which  were,  that  the  con- 
vex surface  of  the  mirror  should  be  ground  on 
a  tool  which  would  produce  a  focal  distance  by 
reflection  of  about  four  feet,  and  that  the  concave 
surface  should  have  its  focal  distance  at  about 
three  feet  three  inches,  so  that  the  secondary  im- 
age might  be  formed  at  about  nine  inches  vvithiu 
the  focal  distance  of  the  silverized  side,  and  not 
interfere  to  tiisturb  the  principal  image;  but,  ei- 
ther from  ignorance  or  inattention,  the  artist  mis- 
took the  raiiius  for  the  half  radius  of  concavity, 
and  the  speculum  turned  out  to  be  only  2.3  inches 
focal  distance  by  reflection.  This  mirror  was 
fitted  up  as  a  telescope  on  the  aerial  plan,  and  I 
found,  as  I  expected,  the  secondary  image  ccm- 
pletely  destroyed.  It  produced  a  .  'v  beautiful 
and  brilliant  view  of  land  objects,  au  even  the 
brightest  objects  exhibited  no  double  image.  The 
mirror  was  nearly  five  inches  in  diameter,  but  the 
image  was  most  accurately  defined  when  the  ap- 
erture was  contracted  to  about  thi-ee  inches.  It 
was  fitted  with  a  terrestrial  eyepiece  which  pro- 
duced a  magnifying  power  of  about  25  times. 
When  directed  to  the  moon,  it  gave  a  very  dis- 
tinct and  luminous  view  of  that  orb,  without  the 
least  appearance  of  a  secondary  image;  but  as 
the  focal  distance  of  the  speculum  was  scarcely 
half  the  length  I  had  prescribed,  I  did  not  a])ply 
to  it  any  high  astronomical  powers,  as  I  find  that 
these  can  only  be  applied  with  efl^ect,  in  this  con- 
struction, to  a  speculum  of  a  considerable  focal 
length.  Happening  to  have  at  hand  a  convex  lens 
ten  fe«t  focal  length  and  four  inches  in  diameter, 
the  one  side  of  which  had  been  ground  to  a  cer- 
tain degree  of  concavity,  I  caused  the  convex  side- 
to  be  foliated,  which  produced  a  focus  by  reflection 
at  13)^  inches  distant.  To  this  mirror  I  applied 
terrestrial  powers  of  15  and  24  with  considerable 
distinctness.  The  power  of  15  produced  a  m-tv 
brilliant  and  distinct  view  of  land  objects.  Had 
the  mirror  been  at  least  three  times  the  toeal 
length,  it  would  have  formed  an  excellent  tt-le 
scope  with  the  same  aperture. 


SECTION    VII. 

A   REFLECTING    TELESCOPE,  WITH    A    SINGLE   .lilRROR 
AND   NO   EYEPIECE. 

On  the  same  principle  as  that  by  which  n  re- 
fracting telescope  may  be  constructed  by  means 
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of  a  single.  lens,  as  representtid  fig.  51  (p;jge  68),  I  scojie.     Such  an  instrument  is  one  of  the  most 


we  may  form  a  telescope  by  reflection  with  a 
single  mirror  and  without  an  eyepiece,  hel  A  B, 
fig.  72,  represent  a  large  concave  speculum,  and 

Fig.  72. 


C  its  focus:  if  an  eye  be  placed  at  D,  about  eight 
or  ten  inches  within  the  focal  point  C,  all  the  ob- 
jects in  the  dirc^ction  of  C,  or  behind  the  specta- 
tor, will  be  seen  magnified  by  reflection  on  the 
face  of  the  mirror,  and  strongly  illuminated.  The 
magnifying  power,  in  this  case,  will  be  nearly  in 
the  proportion  of  the  focal  length  of  the  mirror 
to  the  focal  length  of  the  ej-e  for  near  objects. 
If,  for  example,  the  focal  distance  of  the  mirror 
be  eight  feet,  and  the  distance  from  the  eye 
at  which  we  see  near  objects  most  distinctly  be 
eight  inches,  the  magnifying  power  will  be  in 
the  ratio  of  8  to  96,  or  12  times.  I  have  a 
glass  mirror  of  this  description,  whose  focal 
length  is  four  feet  eight  inches,  and  diameter 
six  inches,  which  magnifies  distant  objects  about 
seven  times,  takes  in  a  large  field  of  view, 
and  exhibits  objects  with  great  brilliancy.  It 
presents  a  very  distinct  picture  of  the  moon, 
showing  the  different  streaks  of  light  and  shade 
iipon  her  surface,  and  in  some  cases  shows  the 
larger  spots  which  traverse  the  solar  disc.  This 
mode  of  viewing  objects  is  extremely  easy  and 
pleasant,  especially  when  the  mirror  is  of  a  large 
diameter,  and  the  observer  is  at  first  struck  and 
gratified  with  the  novel  aspect  in  which  the 
objects  appear. 

Were  a  concave  mirror  of  this  description — 
whether  of  glass  or  of  speculum  metal — to  be 
formed  to  a  very  long  focus,  the  magnifying 
power  would  be  considerable.  One  of  50  feet 
focal  length,  and  of  a  corresponding  diameter, 
might  produce  a  magnifying  power,  to  certain 
eyes,  of  about  75  times;  and,  from  the  quantity 
of  light  with  which  the  object  would  be  seen,  its 
efTect  would  be  much  greater  than  the  same  power 
applied  to  a  common  telescope.  Sir  W.  Herschel 
states  that,  on  one  occasion,  by  looking  with  his 
naked  eye  on  the  speculum  of  his  40  feet  reflect- 
or, without  the  interposition  of  any  lens  or  mirror, 
he  perceived  distinctly  one  of  the  satellites  of 
Saturn,  which  requires  the  application  of  a  con- 
ei.derable  power  to  be  seen  by  an  ordinary  tele- 


sinijile  forms  of  a  tcle.scope,  and  would  exhibit  a 
brilliant  and  interesting  view  of  the  moon,  or  of 

terrestrial  objects. 

PRICES    OF    REFLECTIXG    TELESCOPES. 

1.  Prices  as  stated  by  Messrs.  W.  and  S.  Jones. 
Holborn,  London. 


A  4  feet,  7  inch  aperture,  Gregorian 
reflector,  with  tiie  vertical  motions  upon 
a  newly  invented  principle,  as  well  as  ap- 
paratus to  render  the  tube  more  steady 
for  observation,  according  to  the  addi- 
tional apparatus  of  sni.-'U  speculums 
eyepieces,  micrometers.  S^.c.   from  £su  to 

3  feet  long,  mounted  on  a  p'ain  hracs 
stand       ..... 

Ditto  with  rack-work  motions,  im- 
proved mountings  and  metals 

2  feet  long,  without  rack-work,  and 
with  4  magnifying  powers,  improved     . 

Ditto  improved,  with  rack-work  mo- 
tions      ....... 

IH  inch,  on  a  plain  stand     . 

12  inch  ditto 


2.  Prices  as  stated  by  Messrs.  Tulley,  Islington 

£.      s 

1  foot  Gregorian  reflector,  on  pillar 
and  claw  stand,  metal  2)4  inches,,  diam- 
eter, packed  in  a  mahogany  box     . 

1  lo  foot  ditto,  on  pillar  and  claw  stand, 
metal  3  inches  diameter,  j.mcked  in  a 
mahogany  box 

2  feet  ditto,  metal  4  inches  diameter 
Ditto  with  rack-work  motions    . 

3  feet  ditto,  metal  5  inches  diameter, 
rack-work  motions         .... 

4  feet  ditto,  metal  7  inches  diameter, 
on  a  tripod  stand  with  center  of  gravity 
motion    ....... 

6  feet  ditto,  metal  9  inches  diameter 

7  feet  Newtonian,  6  inches  aperture     . 
12  feet  ditto,  metal  12  inches  diameter 

Prices  as  stated  by  Mr.  G.  Dollond,  St.  Paul's 
Churchyard. 


120 

0 

23 

2 

3!) 

18 

15 

15 

22 
9 
6 

1 
9 
6 

6     6 


U  11 
16  16 
25    4 

42     0 


105 

0 

210 

0 

105 

0 

525 

0 

Reflecting  telescopes,  14  inches  long, 
in  a  mahogany  box         .... 

Ditto  18  inches   ..... 

Ditto  2  feet 

Ditto  with  4  different  powers,  and  rack- 
work  stand  supporting  the  telescope  in 
the  center  of  gravity      .... 

Ditto  3  feet,  with  ditto 


£. 


s. 


9    9 
12  12 

18  18 


36  15 
50    0 


4.  Prices  of  single  speculums  and  reflecting 
telescopes,  as  made  by  ?*lr.  Grub,  Charlemonl 
Bridge-works,  Dublin. 


NEWTONIAN   TELESCOPES.                      | 

GREGORIAN    TELESCOPES. 

Diameter 
in  inches; 

Focal 

length  in 

feel. 

7 
10 
12 
15 

18 

Price  of 
mirrors 
alone. 

Price  of  tele- 
scope com- 
plete with- 
out stand. 

Diameter 
in  inches. 

Focal 

len<;th  in 

feet. 

3 
3 

9 
12 

Price  of 
mirrors 
alone. 

Price  oftele- 
scope  com- 
plete with- 
out stand. 

7 
9 

12 
15 

18 

£.      s. 

17     10 

25      0 

60      0 

120      0 

200      0 

£.      s. 

27     10 

40      0 

90      0 

170      0 

260      0 

6 

7 
9 

12 
15 

18 

£.     s. 
17     10 
25      0 
35      0 
70      0 
150       0 
240      0 

£.      s. 

25      0 

34      0 

50      C 

100      0 

200      0 

300      0 

ON   THE   EYEPIECES    OF   TELESCOPES. 
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ON    THK    EVEriECES    OF    TKLESCOPES. 

AUhough  the  perrormiince  of  telescopes  chiefly 
depends  on  tlie  goodness  of  tiie  object- glass,  or 
the  object-specuiuri!  of  the  instrument,  yet  it  is 
of  consideraljle  iniportiince.  in  order  to  distinct 
vision,  and  to  obt.iiii  a  large  and  uniformly  dis- 
tinct tieid  of  view,  that  the  eyepiece  be  properly 
constructed.  The  different  kinds  of  eyepieces 
may  be  arranged  into  two  general  divisions,  .4s- 
tronomical  and  Terrestriul. 

1.  Astronomical  Eyepieces.' — The  most  simple 
astronomical  eyepiece  is  that  vvliicli  consists  of  a 
single  convex  lens;  and  when  the  focal  distance 
of  this  leiis,  and  that  of  the  object-glass  of  the 
instrument,  is  accurately  ascertained,  the  magni- 
fying power  may  be  nicely  determined  by  uivi  ;iiig 
tlie  focal  lengtii  of  the  object-lens  by  that  of  the 
eyeglass;  but  as  the  pencil  of  white  light  trans- 
mitted by  the  object-glass  will  be  divided  by  the 
eyeglass  into  its  component  colors,  the  object  will 
appear  boniered  with  colored  fringes,  and  the 
distinctness  of  vision  consequently  injured;  be- 
side, the  spherical  aberration,  when  a  single  lens 
is  used,  is  much  greater  than  when  two  or  more 
glasses  are  employed:  heKce  astronomical  eye- 
pieces are  now  formed  by  a  combination  of  at 
leasl  two  lenses. 

The  combination  of  lenses  now  generally  used 
for  astronomical  purposes  is  th  it  which  is  usuallv 
denominated  the  Hiiy/eiiian  Eyepiece,  having  been 
first  proposed  by  the  celebrated  Huygens  as  a 
great  improvement  on  the  single  lens  eyepiece. 
The  following  ligure  (7.S)  represents  a  section  of 
this  eyepi'Ce:  Let  A  B  be  a  compounded  pencil 
of  white  light  proceedinaf  t'rorn  the  object-glass; 
B  F  a.  plano-convex  fipld-glass,  with  its  jilane 
side  next  tlie  eyeglass  E.  The  red  rays  of  the 
pencil  A  B,  after  refraction,  would  cross  the  axis 
in  R,  and  the  violet  rays  in  V;  but,  mei'ting  the 
eyeglass  E,  the  red  rays  will  be  refracted  to  O, 
and  the  violet  nearly  in  the  same  dir'-ction,  when 
they  will  cross  each  other  about  the  point  O  in 
the  axis,  and  unite.  The  distance  of  the  two 
glasses  F  E,  to  produce  this  correction,  when 
made  of  crown  glass,  must  be  equal  to  half  the 
sum  of  their  focal  distances  uearU':  for  example, 
suppose  the  focal  distance  of  the  larg"st,  or  field- 
lens,  to  be  three  inches,  and  tlie  focal  iiisfance  of 
the  lens  next  the  eye  one  inch,  the  two  lenses 
should  be  placed  exactly  at  the  distance  of  two 
inches,  the  sum  of  their  focal  length  being  four, 
the  half  of  which  is  two.  In  other  words,  the 
glass  next  the  eye  sliould  he  placed  as  much  unth- 
in  the  focus  of  the  field-glass  as  is  equal  to  its 
own  focal  distance.  The  focal  length  of  a  single 
lens  that  has  the  same  magnifying  power  as  this 
compound  eyepiece,  is  equ  d  to  twice  the  product 
of  the  focal  lengths  of  the  two  lenses  divided  by 
the  sum  of  the  same  numbers;  or,  it  is  eqinl  to 
half  the  focal  lengtii  of  the  field-glass.  Thus, 
in  reference  to  the  preceding  example,  twice  the 
product  of  the  focal  length  of  the  two  lenses  is 
equal  to  six,  and  their  sum  is  four.  The  former 
number  divided  by  the  latter  produces  a  quotient 
of  l^.j,  which  is  the  focal  lengfth  of  a  single  lens, 
which  would  pro^kice  the  same  magnifying  power 
as  the  eyepiece;  and  l}^  is  just  half  the  focal 
length  of  the  field-glass.  The  proportion  of  the 
focal    lengths   of    the  two   lenses  to  each   other, 


lar  lenses;  and  in  this  case  the  q  Hance  oetween 
them  was  equal  to  half  the  sum  of  their  focal  dis- 
tances, as  ill  tlie  fluygenian  eyepiece. 


The  image  is  formed  at  I  M,  at  the  focal  dis- 
tance of  the  lens  next  the  eye,  and  at  the  same 
distance  from  tiie  field-glass.  When  liistinct  vision 
is  the  principal  object  of  an  achrotnatic  telescope, 
the  two  leu.ses  are  usually  both  plano-convex,  and 
fixed  with  their  curved  faces  toward  the  object- 
glass,  as  in  the  figure.  Sometimes,  however,  they 
consist  of  what  is  called  crossed  lenses,  that  is, 
lenses  ground  on  one  side  to  a  short  focus,  and  on 
the  other  side  to  a  pretty  long  focus,  the  sides 
with  the  deepest  cur\'is  being  turned  toward  the 
object-glass.  A  iliaphragm,  or  aperture  of  a  pro- 
per diameter,  is  placed  at  the  focus  of  the  eye-lens 
where  the  image  formed  by  the  object-glass  falls, 
for  the  purpose  of  cutting  off  the  extreme  rays  of 
the  field-lens,  and  rendering  every  part  of  the 
field  of  view  equally  distinct.  This  is  likewise 
the  form  of  the  eyepiece  generally  applied  to  Gre- 
gorian reflectors.  In  short,  when  accuratelv  con- 
structed, it  is  applicable  to  telescopes  of_  every  de- 
scription. This  eyepiece,  having  tlie  image  viewed 
by  the  eye  behind  the  inner  lens,  is  generally 
called  the  negntiDe  eyepiece,  and  is  that  which  the 
optical  instrument  makers  usually  supply,  of 
three  or  four  different  sizes,  for  so  many  magnify- 
ing powers,  to  be  applied  to  different  celestial  ob- 
jects, aceordiiie  to  their  nature,  or  the  state  of  the 
atmosphere  in  which  they  are  used. 

Ranisdeii's  Eyepiece. — There  is  another  modifi- 
cation of  lenses,  known  by  the  name  of  the  Posi- 
tive, or  Ramsden's  Eyepiece,  which  is  mucl:  used 
in  transit  instruments,  and  telescopes  which  are 
furnished  with  micrometers,  and  which  affords 
equally  good  vision  as  the  other  eyepiece.  In  this 
construction  the  lenses  are  plano-convex,  and 
nearly  of  the  same  focus,  but  are  placed  at  a  dis- 
tance from  each  other  less  than  the  focal  distance 


74. 


of  the  glass  next  the  eye,  so  that  the  image  of  the 
object  viewed  is  beyond  both  the  lenses  when 
measuring  from  the  eye.  The  flat  faces  of  the 
two  lenses  are  turned  into  contrary  directions  in 
this  eyepiece,  one  facing  the  object-glass,  and  the 
.  other  the  eye  of  the  observer;  and  as  the  image 
according  to  Huygens,  should  be  as  three  to  one;  formed  at  the  focus  of  the  object-glass  lies  parallel 
that  is,  if  the  field-glass  be  A%  inches,  the  eye-  to  the  flat  face  of  the  contiguous  lens,  every  part 
glass  should  be  \K,  and  tliis  is  the  proportion  of  the  field  of  view  is  distinct  at  the  same  adjust- 
most  generally  adopted;  but  some  opticians  have  meat,  or,  as  opticians  sav,  there  is  aflat  field, 
recojnmended  that  the  pro]jortion  should  be  as  which,  without  a  diaphragm,  prevents  disfoVtioa 
three  to  'wo.     Boscovich  recommended  two  sirai-    of  the  object.     This  eyepiece   is   represented    ia 
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fig.  74,  where  A  B  and  C  D  are  two  plano-convex  I 
lenses,  with  their  convex  sides  inward.  They 
have  nearly  the  same  fooal  length,  and  are  placed 
at  a  distance  from  each  other  equal  to  about  two- 
thirds  of  the  focal  length  of  eitlier.  The  focal 
length  to  an  equivalent  single  lens  is  equal  to 
three-fourths  the  focal  length  of  either  lens,  sup- 
posing them  to  have  equal  focal  distances.  This 
cye|)iece  is  generally  applied  when  wires  of  spi- 
der's lines  are  used  in  the  common  focus,  as  the 
piece  containing  the  lenses  can  be  taken  out  with- 
out disturbing  the  lines,  and  is  adjustable  for  dis- 
tinct vision;  and  whatever  may  be  the  measure 
of  any  object  given  by  tlie  wire  micrometer  at 
the  solar  focus,  it  is  not  altered  by  a  change  of 
the  magnifying  power  when  a  second  eyepiece  of 
this  construction  is  substituted. 

Aberration  nf  Lenses. — In  connection  with  the 
above  descriptions,  the  following  statements  re- 
specting the  spherical  aberration  of  lenses  may 
not  be  inappropriate.  Mr.  John  DoUond,  in  a 
letter  to  Mr.  iShort,  remarks,  that  "  the  aberration 
in  a  single  lens  is  as  the  cube  of  the  refracted  an- 
gle; but  if  the  refraction  be  caused  by  two  lenses, 
the  sum  of  the  cubes  of  each  half  will  be  a  quar- 
ter of  the  refractea  angle,  twice  the  cube  of  one 
being  a  quarter  of  the  cube  of  two.  So  three 
times  the  cube  of  one  is  only  one-ninth  of  the 
cube  of  three,"  &c.  Hence  the  indistinctness  of 
the  borders  of  the  field  of  view  of  a  telescope  is 
diminished  by  increasing  the  number  of  lenses  in 
an  eyepiece.  Sir  J.  Herschel  has  shown  that  if 
two  plano-convex  lenses  are  put  together  as  in 
fig.  75,  the  aberration  will  be  only  0.2481,  or  one- 
fourth  of  that  of  a  single  lens  in  its  best  form. 
The  focal  length  of  the  first  of  these  lenses  must 
be  to  that  of  the  second  as  1  to  %.  If  tlieir  fo- 
cal lengths  are  equal,  the  aberration  will  be  0.6i)3, 
or  nearly  one-half.  The  splserical  aberration,  how- 
ever, may  be  entirely  destroyed  by  combining  a 
meniscus  and  double  convex  lens,  as  shown  in 
fig.  76,  the  convex  sides  being  turned  to  the  eye 


Fig.  75. 


Fi2.  76. 


when  they  are  used  as  lenses,  and  to  parallel  rays 
when  they  are  used  as  burning  glasses.  Sir  J. 
Herschel  has  computed  the  following  curvatures 
for  such  lenses : 

Focal  length  of  the  convex  lens  .  .  -|-1 0.000 
Radius  of  its  first  surface  .  .  .  -j-  5.8.J3 
Radius  of  its  second  surface  .  .  — 35.000 
Focal  length  of  thk  meniscus  .       .       -|-l7.b29 

Radius  ol  its  first  surface  .  .  .  +  3.6y8 
Radius  of  its  second  surface  •  •  -j-  6.294 
Focal  length  of  the  compound  lens    .       --{-  6.407 

On  the  general  principles  above  stated,  a  good 
astronomical  eyepiece  may  be  easily  constructed 
with  two  proper  lenses,  either  according  to  the 
plan  of  Huygens  or  that  of  Ramsden  :  and,  from 
what  has  been  now  stated,  it  is  demonstrably  cer- 
tain, that,  in  all  cases  where  two  glasses  are  prop- 
erly combined,  such  an  eyepiece  is  superior  to  a 
single  lens  both  in  point  of  distinctness  and  of  the 
enlargement  of  the  field  of  view.  I  lately  fitteci 
up  an  eyepiece,  on  Ramsden's  principle,  with  two 
lenses,  each  about  three  inciies  focal  length,  and 


l^ths  of  an  inch-  in  diameter,  placed  at  half  an 
inch  distant,  with  their  convex  surface  facing  each 
other,  as  in  Hg.  74,  which  forms  an  excellent  eye- 
|)iece  for  an  achromatic  telescope  six  feet  eight 
inches  focal  distance  anil  four  inches  aperture,  par- 
ticularly for  viewing  clusters,  of  stars,  the  Milky 
Way,  and  the  large  nebuU-e.  The  fit-ld  of  view  is 
large,  the  magnii'ying  power  is  only  between  50 
and  60  times,  and  the  quantity  of  light  being  so 
great,  every  celestial  object  appears  witii  great 
brilliancy,  and  it  is,  in  general,  much  more  prefer- 
able, when  applied  to  the  stars,  than  any  of  the 
higher  powers.  Wlieu  applied  to  Prizsepe  in  Can- 
cer, it  exhibits  that  group  at  one  view,  as  con.sist- 
ing  of  nearly  lOO  stars,  which  exhibit  a  beautiful 
and  most  striking  appearance. 

It  may  appear  a  curious  circumstance  that  any 
eyepiece  wliich  is  good  with  a  short  telescope  is 
also  good  with  a  long  one,  but  that  the  reverse  13 
not  true;  for  it  is  found  to  be  more  difficult  to 
make  a  good  eyepiece  for  a  short  than  for  a  long 
focal  distance  of  the  object-glass. 

Celestial  eyepieces  are  sometimes  constructed 
so  as  to  produce  variable  powers.  This  is  effected 
by  giving  a  motion  to  the  Ions  next  the  eye,  so  aa 
to  remove  it  nearer  to  or  farther  from  the  ^eld- 
lens;  for  at  every  diftVrent  distance  at  which  it  is 
placed  from  the  otiier  lens,  the  magnifying  power 
will  either  be  increased  or  diminished.  The  great- 
est power  is  when  the  two  lenses  ai"e  nearly  in 
contact,  and  the  power  diminishes  in  proportion 
to  the  distance  at  which  the  glass  next  the  eye  is 
removed  from  the  other.  The  sc;tle  of  distance, 
however,  betw^een  the  two  lenses  cannot  be  greater 
than  the  focal  distance  of  the  field,  or  inner  glass; 
for  if  it  were,  the  lenses  would  no  longer  form  an 
eyepiece,  but  would  be  changed  into  an  inverting 
opera-glass.  For  effecting  tlie  purpose  now  staffed, 
the  eyeglass  is  fixed  in  a  tube,  which  slides  upon 
an  interior  tube,  on  which  is  marked  a  scale  of 
distances  correspomiing  to  certain  magnifying 
powers;  and  in  this  way  an  eyepiece  may  be  made 
to  magnify  about  double  the  number  of  times 
when  the  lenses  are  in  one  position  than  when 
they  are  in  another;  as,  for  example,  all  the  pow- 
ers from  36  to  72  times  may  be  thus  applied, 
merely  by  regulating  the  distance  between  the 
two  lenses.  When  the  glasses  are  varied  in  thi.g 
manner,  the  eyepiece  becomes  sometimes  a  positive 
eyepiece,  like  Ramsden's,  and  sometimes  a  nega- 
tive one,  like  tliatof  Huygens. 

Diagonal  Eyepieces. — The  eyepieces  to  which 
we  have  now  adverted,  when  adapted  to  refracting 
telescopes,  both  reverse  and  invert  the  object,  and 
therefore  are  not  calculated  for  showing  terres- 
trial objects  in  their  natural  position;  but  as  the 
heavenly  bodies  are  of  a  spherical  form,  this  cir- 
cumstance detracts  nothing  from  their  utility. 
When  the  celestial  obiect,  however,  is  at  a  high 
altitude,  the  observer  .is  obliged  to  place  his  head 
in  a  very  inconvenient  position,  and  to  direct  his 
eye  nearly  upward;  in  which  position  he  cannot 
remain  long  at  ease,  or  observe  with  a  steady  eye. 
To  remedy  this  inconvenience,  the  diagonal  eye- 
})iece  has  been  inverted,  which  admits  ol  the  eye 
being  applied  at  the  side,  or  at  the  upijer  part  of 
the  eyepiece,  instead  of  the  end;  and  wh'in  such 
an  eyepiece  is  used,  it  is  of  no  importance  in 
what  direction  the  telescope  is  elevated,  as  the  ob- 
server can  then  either  sit  or  stand  erect,  and  look 
down  upon  the  object  with  the  utmost  ease.  This 
object  is  effected  by  placing  a  flat  piece  of  polished 
speculum  metal  at  an  angle  of  45  degrees  in  re- 
spect to  the  two  lenses  of  the  eyejiiece,  wliich 
alters  the  direction  of  the  converging  rays,  and 
forms  an  image  which  becomes  erect  with  resjiect 
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to  altitude,  but  is  reversed  with  respect  to  azimuth; 
that  is,  in  other  wonis,  when  we  ioolt  down  upon 
the  objects  in  the  iield  of  view,  they  appear  erect; 
but  tliat  part  of  an  object  w  ich  is  in  reality  on 
our  right  hand,  appears  on  our  left;  and  if  it  be 
In  motion,  its  apparent,  is  opposite  to  its  real  ino-' 
tiou;  if  it  be  moving  toward  the  west,  it  will  seem 
to  move  toward  the  east. 

There  are  three  situations  in  which  the  diago- 
nal rellector  in  this  eyepiece  may  be  placed.  It 
may  be  placed  either,  1,  before  the  eyepiece,  or  2, 
behind  it,  or,  3,  between  the  two  lenses  of  which 
the  eyepiece  co:i:-ists.  The  most  common  posi- 
tion of  the  reflector  is  between  the  lenses  ;  and 
this  may  be  done  both  in  the  negative  and  the  posi- 
tive eyepieces;  but  as  the  distance  between  tlie 
tvro  lenses  is  necessarily  considerable,  to  make 
room  for  the  diagonal  position  of  the  reflector, 
the  magnifying  power  cannot  be  great;  otherwise 
a  diagonal  eyepiece  of  this  construction  remains 
always  in  adjustment,  and  is  useful  in  all  cases 
where  a  high  power  is  not  required.  The  pre- 
ceding is  a  description  and  representation  of 
a  diagonal  eyepiece  of  this  kind  in  my  posses- 
sion. 


Fig  77. 


In  fig.  77,  A  B  re- 
presents    the    plano- 
convex lens  next  the 
object,  which  is  about 
2     inches     in     focal 
length,  and  ^  of   an 
incii    in    diameter;  C 
D,    a    plain    metallic 
speculum   of  an   oval 
form,    well    polished,  | 
and  placed    at   half  a  t 
right-angle  to  thea.xis  t 
of  the  tube;  and  £  F,  B  C 

another  plano-convex  lens,  about  1  ^o  i^ch  focal 
distance.  The  center  of  the  speculum  js  about 
13^th  of  an  inch  from  the  lens  A  B.  and  about 
half  or  one-third  of  an  inch  from  E  F ;  so  tliat 
this  eyepiece  is  a  positive  one,  on  tlie  principle 
proposed  by  Ramsden.  The  rays  proceeding 
from  the  lens  A  B,  and  falling  upon  the  speculum, 
are  reflected  in  a  perpendicular  direction  to  the 
lens  E  F,  where  they  enter  the  eye  at  G,  which 
looks  down  upon  the  object  through  the  side  of 
the  tube.  The  real  size  of  this  eyepiece  is  much 
about  the  same  as  that  represented  in  the  figure. 
When  applied  to  an  achromatic  telescope  of  4434 
Inches  f'ocal  distance,  it  produces  a  magnifying 
power  of  36  times,  and  exhibits  a  very  beautiful 
view  of  the  whole  of  the  full  moon.  It  likewise 
presents  a  very  pleasing  prospect  of  terrestrial 
objects,  which  appear  as  if  situated  immediately 
below  us. 

Another  plan  of 
the  diagonal  eye- 
piece is  represented 
in  Fig.  78,  where 
the  speculum  is  fix- 
ed witJiin  the  sliding 
tube  which  receives 
the  eyepiece,  or  im- 
mediately below  it.  [>f 
The  part  of  the  tube 
A  B  .slides  into  the 
tube  of  the  tele-  ! 
scope,  C  D  is  the 
speculum  placed  at 

half  a  right-angle  to  ^^  u 

the  axis  of  the  tube,  and  E  F  the  tube  containing 
the  lenses,  which  stands  at  right-angles  to  the 
position  of  the  telescope,  and  slides  into  an  exte- 
rior tube,  and  the  eye  is  applied  at  G.     This  con- 


Fisr.  78. 


struction  of  the  diagonal  eyepiece  may  be  used 
with  any  eyepiece  whatever,  whether  the  Huy- 
genian  or  tliat  of  Ramsden.  It  will  admit  of  any 
magnifying  power,  and  if  several  different  eye- 
pieces be  fitted  to  the  sliding  tube,  they  may  be 
changed  at  pleasure.  This  form  of  the  djagonat 
eyepiece  I  therefore  consider  as  liie  best  and  the 
most  convenient  construction,  although  it  is  not 
commonly  adopted  by  opticians. 

When  any  of  these  eyepieces  are  applied  to  a 
telescope,  with  the  lens  E  on  the  upper  part  of 
it,  we  look  down  upon  the  object,  ii^  it  be  a  ter- 
restrial one,  as  if  it  were  under  our  feet.  If  we 
turn  the  eye[)ifce  round  in  its  socket  a  quarter 
of  a  circle  toward  the  left,  an  object  directly  be- 
fore us  in  the  south  will  appear  as  if  it  were  in 
the  west,  and  turned  upside  down.  If,  from  this 
position,  it  is  turned  round  a  semicircle  toward 
the  right,  and  the  eye  applied,  the  same  object 
will  appear  as  if  it  were  situated  in  the  east,  and 
inverted;  and  if  it  be  turned  round  another  quad- 
rant, until  it  be  directly  opposite  to  its  first  posi- 
tion, and  the  eye  applied  from  below,  the  object 
or  landscape  will  appear  as  if  suspended  in  tho 
atmosphere  above  us.  This  eyepiece,  therefore, 
is  capable  of  exhibiting  objects  in  a  great  variety 
of  aspects,  and  the  use  of  it  is  both  pleasant  and 
easy  for  the  observer.  But  there  is  a  considerable 
loss  of  light,  occasioned  by  the  reflection  from 
the  speculum,  which  is  sensibly  felt  when  very 
liigh  powers  are  applied  ;  and  therefore,  when 
very  small  stars  are  to  be  observed,  such  as  some 
of  those  connected  with  double  or  triple  stars,  the 
observer  should  not  study  his  own  ease  so  much 
as  the  quantity  of  light  he  can  retain  with  a  high 
power,  which  object  is  best  attained  with  an  ordi- 
nary eyepiece  and  a  telescope  of  large  aperture.    . 

We  have  said  that  a  diagonal  eyepiece  may  be 
constructed  with  a  reflector  before  the  eyepiece. 
In  this  case,  the  speculum  is  sometimes  made  to 
slide  before  the  eye  at  the  requisite  angle  of  re- 
clination,  in  which  application  each  eyepiece 
must  necessarily  have  a  groove  to  receive  it,  and 
the  eye  must  be  applied  without  a  hole  to  direct 
it,  but  it  may  be  put  on  and  taken  off  without 
disturbing  the  adjustment  for  distinct  vision,  and 
is  very  simple  in  its  application.  But,  on  the 
whole,  the  form  represented  in  fig.  78  is  the  most 
convenient,  and  sliould  generally  be  preferred,  as 
■  iny  common  astronomical  eyepiece  can  be  ap- 
plied to  it.  I  have  used  a  diagonal  eyepiece  of  this 
kind  with  good  effect,  when  a  power  of  180  has 
been  applied  to  the  sun  and  other  celestial  objects. 

Instead  of  a  metallic  speculum,  a  rectanyuLar 
■prism  of  f/lass  is  sometimes  substituted;  for  tUe 
rays  of  light  are  then  bent  by  reflection  from  the 
second  polished  surface,  wliich  ought  to  be  dry, 
and  undergo  two  refjactions,  which  achromatize 
them;  and  the  same  effect  is  thus  produced  as  by 
polished  metal.  Ramsden  sometimes  gave  one 
of  the  polished  faces  of  a  right-angle  prism  a 
curve,  which  prism  served  instead  of  a  lens  in  an 
eyepiece,  and  also  performed  the  office  of  a  re- 
flector. A  semi-globe,  or  what  has  been  called  a 
'lull's  eye,  has  also  been  used  as  a  diiigonal  eye- 
>iece,  and  when  the  curve  is  well  fomied,  and 
Hie  glass  good,  it  is  achromatic,  and  is  suid  to 
>erfonn  pretty  well,  but  it  is  not  superior  to  the 
I'ovms  already  described. 


SECTION  ir. 

Terrestrial  eyepieces. 

Whem  describing  the  common  refracting  tele- 
scope (p.  67),  I  have  noticed  that  three  eyeglasses, 
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placed  at  double  their  focal  distances  from  each 
other,  formerly  constituted  tiie  terrestii:il  eye- 
piece, as  represented  in  fig.  47.  But  this  con- 
struction, especially  for  achromatic  instruments, 
has  now  become  oijsolete,  and  is  never  us<'d  ex- 
cept in  small  pocket  spyglasses  formed  witli  a 
single  object-lens.  In  its  place  a  four  glassed 
eyepiece  has  been  substituted,  which  is  now  uni- 
versally used  in  all  good  telescopes,  and  which, 
beside  improving  the  vision  and  producing  au 
erect  position  of  the  images  of  objects,  presents 
a  considerably  larger  field  of  view.  During  the 
progressive  stages  of  improvement  made  in  tiie 
construction  of  erect  eyepieces  by  Dollond  and 
Ramsden,  three,  four,  and  five  lenses  were  suc- 
cessively introduced;  and  hence,  in  some  of  the 
old  telescopes  constructed  by  these  artists,  we 
frequently  find  five  lenses  of  different  descriptions 
composing  the  ej'epiece.  But  four  lenses,  ar- 
ranged in  the  manner  I  am  now  about  to  describe, 
have  ultimately  obtained  the  preference.  In  a 
telescope  having  a  celestial  eyepiece  of  the  Huy- 
genian  form,  the  image  that  is  formed  in  the  focus 
of  the  object-glass  is  tiiat  which  is  seen  magni- 
fied, and  in  an  inverted  position;  but  when  a  four 
glassed  eyepiece  is  used,  which  produces  an  erect 
view  of  the  object,  the  image  is  repeated,  and  the 
second  image,  which  is  formed  by  tiie  inner  pair 
of  lenses,  A  B,  on  an  enlarged  scale,  is  that  wliich 
the  pair  of  lenses,  C  D,  at  the  eye-end  render 
visible  on  a  scale  still  more  enlarged.  The  mod- 
ern terrestrial  eyepiece,  represented  in  fig.  79,  is, 

Fig  79. 


in  fact,  nothing  else  than  a  compound  microscope, 
consisting  of  an  object-lens,  an  amplifying-lens, 
and  an  eyepiece  composed  of  a  pair  of  lenses  on 
the  principle  of  the  Huygenian  eyepiece.  Its 
properties  will  be  best  understood  by  considering 
the  first  image  of  ^>  object,  which  is  formed  in 
the  focus  of  the  object-glass,  as  a  small  luminous 
object  to  be  rendered  visible,  in  a  magnified  state, 
by  a  compound  microscope.  The  object  to  he 
magnified  maybe  consilered  as  ])laced  near  the 
point  A,  and  the  magnified  imnge  at  i,  wliich  is 
viewed  by  the  b-ns  D.  Hence,  if  we  look  through 
such  an  eyepiece  at  a  small  object  placed  very 
near  the  lens  A,  we  shall  find  that  it  acts  as  a 
compound  microscope  of  a  moderate  magnifying 
power,  increasing,  in  some  cases,  the  diameter  of 
the  object  about  10  times,  and  100  times  in  sur- 
face. 

In  or.ler  to  distinguish  the  different  lenses  in 
this  eyepiece,  we  may  call  the  lens  A,  which  is 
next  to  tiie  first  image,  the  ohject-lens;  the  next 
to  it,  B,  the  amplifying-lens ;  the  third,  or  C,  the 
feld-leiis;  and  tli?  one  next  the  eye,  D,  the  eye- 
lens.  The  first  inuige,  formeil  a  little  before  A, 
may  bedejijominated  the  radiant,  or  the  object  from 
which  the  rays  proceed.  Now  it  is  well  known 
as  a  principle  in  optics,  that  if  the  radiant  be 
brought  nearer  to  the  lens  than  its  principal  focus, 
the  emersjiiig  rays  will  diverge,  and,  on  the  con- 
trary, if  the  radiant  be  put  farther  from  the  lens 
than  its  principal  focal  distance,  the  emerging 
rays  will  converge  to  a  point  at  a  di«tiince  beyond 
the  lens,  wliich  will  depend  on  the  distance  of 
the  radiant  from  the  face  of  the.  lens.  In  this 
place  an  image  of  the  radiant  will  be  formed  by 
the  concurrence  of  the  converging  rays,  but  in  a 


contrary  position  ;  and  tlie  length  of  the  imaga 
will  exceed  the  lenglh  of  the  radiant  in  the  same 
|)roporlion,  as  the  distance  of  the  iinagi'  from  the 
railiant  exceeds  that  of  the  radiant  fruin  ti.e  lens. 
I'his  secondary  image  of  the  radiant  at  i,  is  not 
well-defined  when  only  one  lens,  as  A,  is  used, 
owing  lo  the  great  spherical  aberrations,  and 
therefore  the  amplifying  lens  is  placed  at  the  dis- 
tance of  the  shorter  conjugate  focus,  witii  an 
intervening  diaphragm  of  a  small  uiami-ter  :<l  the 
place  of  the  principal  focus  ;  the  uses  of  wi  ich 
lens  and  diaphragm  are,  first,  to  cutofi'llie  coiored 
rays  that  are  occasioned  by  the  dispersive  pro- 
perty, of  the  object-lens,  and,  secoiiuly,  to  luing 
the  rays  to  a  shorter  conjugate  focus  lor  the 
place  of  the  image  than  would  have  taken  place 
with  a  single  lens  having  only  one  refraciioB. 
As  the  secondary  image  is  in  this  way  much 
better  defined  and  free  from  coloration,  the  addi- 
tion of  this  second  lens  is  a  great  improvement 
to  vision.  P^or  this  reason,  I  am  clearly  of  opin- 
ion liiat  the  object-glass  of  a  com])OUiid  micro- 
scope, instead  of  consisting  of  a  small  single  lens, 
should  be  formed  of  two  lenses,  on  the  principle 
now  stated,  which  would  unquestionably  add  to 
the  distinctness  of  vision. 

With  respect  to  the  proportions  nf  the  focal  lengths 
of  the  lenses  in  this  four  glass  eyepiece,  Mr.  Cod- 
dington  stales,  that  if  the  focal  lengths,  reckoning 
from  A  to  D,  fig.  79,  be  as  the  numbers  'A,  4,  4, 
and  3,  and  the  distances  between  them  on  the 
same  scale,  4,  6,  and  5,  2,  the  radii,  reckoning 
from  the  outer  surface  of  A,  should  be  thus: 


(First  surface 
pecond  surface 
(First  surface 
^Second  surface 
(First  surface 
^:Second  surface 
(First  surface 
/Second  surface 
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nearly  plano-convex. 


a  meniscus. 


nearly  plano-convex, 
double  convex. 


Sir  D.  Brewster  states  that  a  good  achromatic 
eyepiece  may  be  made  of  four  lenses,  if  their  fo- 
cal lengths,  reckoning  from  that  next  the  object, 
be  as  the  numbers  14,  21,  27,  32;  their  distances, 
23,  44,  40;  their  apertures,  5.6,  3.4,  2.0;  and  the 
aperture  of  the  dia|)hragm  placed  in  the  interior 
focus  of  the  fourth  eyeglass,  7.  Another  propor- 
tion may  be  stated:  Suppose  the  lens  next  the 
object.  A,  to  be  1  J/gths  of  an  inch  focal  length, 
then  B  may  be  ^H  inches;  C,  2  inches;  and  D, 
1'.^;  and  tlieir  distances,  A  B,  2}^;  B  C,  35Bths; 
and  C  D,  ^}^\\\s.  In  one  of  Ramsden 's  small 
telescopes,  whose  object-glass  was  t-ig  inches  in 
focal  length,  and  its  magnifying  power  15.4,  the 
focal  lengths  of  the  eyeglasses  were,  A.  0.775  of 
an  inch;  S,  1.025;  C,  l.Ol;  D,  0.79;  the  dis- 
tances,  A  5,1.18;  B  C,  1.83;  and  CD,  1.105. 
In  the  excellent  achromatic  telescope  of  Dollond's 
construction  which  belonged  to  the  Due  d'-  Chaul- 
nes,  the  focal  lengths  of  the  eyeglasses,  beginning 
with  that  next  the  object,  were  1414  lines, 
19,  22;?^;,  14:  their  distances,  22.48  lims,  4li.l7, 
21.45;  and  their  thickness  at  the  ceiitr,  1.23 
lines,  1.25,  1.47.  The  fourth  lens  was  plano-con- 
vex, with  the  plane  sitie  to  the  eye,  and  the  rest 
were  double  convex  lenses.  This  tebscope  was 
in  focal  length  three  feet  five  and  a  half  inches. 

The  magnifying  power  of  this  eyejiiece,  as 
usually  made,  differs  only  in  a  small  degree  from 
what  would  be  produced  by  using  the  first  or  the 
fourth  glass  alone,  in  which  case  the  magnifying 
power  would  be  somewhat  greater,  but  the  vision 
less  distinct;  and  were  the  lens  next  the  eye  used 
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alone  without  the  field-glass,  the  field  of  view  would 
De  much  contracted.  Stops  should  be  placed  be- 
tween the  lenses  A  andjB,  near  to  B,  and  a  larger 
one  between  C  and  D,  to  prevent  any  false  liglit 
from  passing  through  the  lenses  to  the  eye.  The 
more  stops  that  are  introduced  into  a  telescope — 
which  should  all  be  blackened — provided  they  do 
not  hinder  the  pencils  of  light  proceeding  from 
the  object,  tlie  betier  will  the  instrument  per- 
form. 

For  tlie  information  of  amateur  constructors 
of  telescopes,  I  shall  here  slate  the  dimensions  of 
two  or  three  four  glassed  eyepieces  in  my  posses- 
sion, which  perform  with  great  distinctness,  and 
present  a  pretty  large  field  of  view.  In  one  of 
these,  adapted  to  a  441.2  inch  achromatic,  the  lens, 
A,  next  the  object,  is  IJgths  of  an  inch  focal 
length  and  about  one  inch  in  diameter,  with  the 
plane  side  next  the  object.  The  focal  length  of 
the  lens  B,  '2  1-iOth  inches,  diameter  7-lOths  of 
an  inch,  with  its  plane  side  next  A;  distance  of 
these  lenses  from  each  other,  2  4-lOths  inches; 
distance  of  the  field-lens  C  from  the  lens  B,  b^o 
inches.  The  small  hole  or  diaphragm  between  A 
and  B  is  at  the  focus  of  A,  and  is  about  one-sixth 
of  an  inch  in  diameter,  and  about  three-eighths 
of  an  inch  from  the  lens  B.  The  field-lens  C  is 
two  inches  focal  length,  and  IJ^'th  of  an  inch  in 
diameter,  with  its  plane  side  next  the  eye.  The 
lens  next  the  eye  D,  is  one  inch  focal  distance, 
half  an  inch  in  diameter,  and  is  distaiit  from  the 
field-glass  1^4tlis  of  an  inch,  with  its  plane  side 
next  the  eye.  The  magnifying  power  of  this  eye- 
piece is  equivalent  to  that  of  a  single  lens  whose 
focal  length  is  half  an  inch,  and  with  the  441,2 
inch  object-glass  produces  a  power  -of  about  90 
times.  The  lens  next  the  eye  can  be  changed  for 
another  of  l^^ths  of  an  inch  focal  length,  which 
produces  a  power  of  65,  and  the  two  glasses  C  D 
can  be  changed  for  another  set  of  a  longer  focal 
distance,  which  produces  a  power  of  45  times. 
The  whole  length  of  this  eyepiece  is  lljo  inches. 

In  another  eyepiece,  adapted  to  a  pocket  achro- 
matic, whose  object-glass  is  nine  inches  focal 
length,  the  lens  jl  is  one  inch  focal  length  and 
half  an  inch  in  diameter;  the  lens  B,  IJx^th  of  an 
inch,  and  half  an  inch  in  diameter;  their  distance, 
\}.4  inches;  the  lens  C,  1  1-lOth  of  an  inch  focal 
length  and  five-eighths  of  an  inch  in  diameter; 
the  eyeleiis  D,  five-eighths  of  an  inch  focal  length 
and  three-eighths  of  an  inch  in  diameter;  distance 
between  C  and  D,  \y^i\\  of  an  inch;  the  distance 
between  B  and  C,  l%ths  of  an  inch.  The  whole 
length  of  this  eyepiece  is  Ay^  inches,  and  its 
power  is  nearly  equal  to  that  of  a  single  lens  of 
half  or  six- tenths  of  an  inch  focal  length,  the 
magnifying  power  of  the  telescope  being  about 
16  times.  Another  eyepiece  of  much  larger  di- 
mensions has  the  lens  A  of  '^l^,  inches  focal  length 
and  three-fourths  of  an  inch  in  diameter;  tlie  lens 
B,  S'^^tlis  inches  focus  and  five-eighths  of  an  inch 
in  diameter,  and  their  distance  23^ths  inches; 
the  lens  C,  S^-gths  inches  focus  and  IJ^th  of  an 
inch  in  diameter:  the  lens  D,  l-l^ths  of  an  inch 
focus  and  three-fourths  of  an  inch  in  diameter; 
distance  from  each  other,  S^'^'tlis  inches.  The 
distance  between  the  lenses  B  and  C  is  four 
inches.  The  magnifying  power  is  equal  to  that 
of  a  single  lens  IJgth  of  an  inch  focal  distance. 
When  applied  to  an  achromatic  object-glass  six 
feet  seven  inches  focal  length,  it  produces  a 
power  of  about  70  times.  This  eyepiece  has  a 
movable  tube  nine  inches  in  length,  in  which  the 
two  lenses  next  the  eye  are  contained,  by  pulling 
out  which,  and  consequently  increasing  the  dis- 
tance between  the  lenses  B  and  C,  the  magnifying 


power  may  be  increased  to  100,  120,  or  140,  ac- 
cording to  the  distance  to  which  this  movidjla 
tube  is  drawn  out.  It  has  also  a  second  and 
third  set  of  lenses,  corresponuing  to  C  and  D,  of 
a  shorter  focal  distance,  which  produce  higher 
magnifying  powers  on  a  principle  to  be  after- 
ward explained. 


description   of    an    eyepiece,   etc.,    of  an    old 
Dutch  achromatic  telescope. 

About  twenty  or  thirty  years  ago,  I  purchased, 
in  an  optician's  shop  in  Edinburgh,  a  small  achro- 
matic telescope,  made  in  Amsterc;am,  wiiich  WaS 
supposed  by  the  optician  to  have  been  constructed 
prior  to  the  invention  of  achromatic  telescopes  by 
Mr.  Dollond.  It  is  mounted  wholly  of  brass,  and 
in  all  its  parts  is  a  piece  of  beautiful  and  exquisite 
workmanship,  and  the  utmost  care  seems  to  have 
been  taken  to  have  all  the  glasses  and  diaphragms 
accurately  adjusted.  The  object-glass  is  a  double 
achromatic,  6)2  inches  focal  distance  and  one 
inch  in  diameter,  but  the  clear  aperture  is  only 
seven-eighths  of  an  iiicli  in  diameter.  It  is  per- 
fectly achromatic,  and  would  bear  a  power  of  50 
times  if  it  had  a  sufficient  quantity  of  ligiit.  The 
following  inscription  is  engraved  on  the  tube 
adjacent  to  the  object-glass:  "Jan  van  Dcijl  en 
Zuoii,  Inveidt  et  Fecit,  Amsterdam,  Ao.  1169." 
Although  Dollond  exhibited  the  principle  of  an 
achromatic  eight  or  ten  years  bel'ore  the  date  here 
specified,  yet  it  is  not  improbable  that  the  artist 
whose  name  is  here  stated  may  not  have  heard  of 
Dollond's  invention,  and  that  he  was  really,  as  he 
assunres,  one  of  the  inventors  of  the  achromatic 
telescope;  for  the  invention  of  this  telescope  by 
Dollond  was  not  very  generally  known,  except 
among  philosophers  and  the  London  opticians, 
until  a  number  of  years  after  the  date  above 
stated.  Euler,  in  his  "  Letters  to  a  German  Prin- 
cess," in  which  telescopes  are  particularly  de- 
scribed, makes  no  mention  of,  nor  the  least  allu- 
sion to,  the  invention  of  Dollond,  though  this  was 
a  subject  which  particularly  engaged  his  atten- 
tion. Now  these  letters  were  written  in  1762, 
but  were  not  published  until  1770.  When  alluding 
to  the  defects  in  telescopes  arising  from  the  differ- 
ent refrangibiiity  of  the  rays  of  light,  in  Letter 
43,  and  tliat  they  might  possibly  be  rectified  by 
means  of  different  transparent  substances,  he 
says,  "But  neither  theory  nor  practice  have 
hitherto  been  carried  to  the  degree  of  perfection 
necessary  to  the  execution  of  a  structure  which 
should  remedy  these  defects."  Mr.  B.  Martin,  in 
his  "Gentleman  and  Lady's  Philosophy,"  pub- 
lished in  1781,  alludes  to  the  achromatic  lele- 
.scope,  but  speaks  of  it  as  if  it  were  but  very  little, 
if  at  all,  superior  to  the  common  refracting  tele- 
scope:  and  therefore  I  think  it  highly  probable 
that  Jan  van  Deyl  was  really  an  inventor  of  an 
achromatic  telescope  before  he  had  any  notice  of 
what  Dollond  anci  others  had  done  in  tliis  way 
some  short  time  before. 

But  my  principal  object  in  adverting  to  this 
telescope  is  to  describe  the  structure  of  the  eye- 
piece, which  is  a  very  fine  one,  and  which  is 
somewhat  different  from  the  achromatic  eyepiece 
above  described.  It  consists  of  four  glasses,  two 
combined  next  the  eye,  and  two  next  the  object. 
Each  of  these  combinations  forms  an  astronomi- 
cal eyepiece  nearly  similar  to  the  Huygenian. 
The  lens  A,  next  the  object,  fig.  80,  is  five- 
eighths  of  an  inch  focal  distance,  and  4-l()ths  of 
an  inch  in  diameter;  the  lens  B,  three-eighths 
of  an  inch  focus,  and  one-fifth  of  an  inch  in  di- 
ameter, and  the  distance  between  them  somewhat 
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less  than  five-eighths  of  an  inch;  the  diameter  of 
the  aperture  e  about  l-l5Ui  of  an  inch.  This 
ccnibination  forms  an  excellent  astronomical 
eyepiece,  with  a  large  flat  field,  and  its  magnify- 
ing power  is  equivalent  ts  that  of  a  single  lens 
five-eighths  or  six-eighths  of  an  inch  focal  length. 
The  lens  C  is  half  an  inch  focal  length,  and 
4-lOthsof  an  inch  in  diameter;  the  lens  £),  a  quar- 
ter of  an  inch  focus,  and  about  one-fifth  of  an 

Fig.  80. 


inch  in  diameter;  their  distance  about  half  an 
inch  or  a  small  fraction  more.  The  hole  at  t/ is 
about  l-20th  or  l-25th  of  an  inch  in  diame- 
ter, and  the  distance  between  the  lenses  B  and  C 
about  l}o  inches.  The  whole  length  of  the  eye- 
piece is  3^^  inches — exactly  the  same  size  as  re- 
presented in  the  engraving.  Its  magnifying  power 
is  equal  to  that  of  a  single  lens  one-fourth  of  an 
inch  focal  length;  and  consequently  the  telescope, 
though  only  9i-2  inches  long,  magnifies  twenty-six 
times  with  great  distinctness,  though  there  is  a 
little  deficiency  of  light  when  viewing  land  ob- 
jects which  are  not  well  illuminated. 

The  glasses  of  this  telescope  are  all  plano-con- 
vex, with  their  convex  sides  toward  the  object, 
except  the  Ilmis  D,  which  is  double  convex,  but 
flattest  on  the  sicie  next  the  eye,  and  they  are  all 
very  accurately  finished.  The  two  lenses  C  and 
D  form  an  astronomical  eyepiece  nearly  similar 
to  that  formed  by  the  lenses  A  and  B.  The  focus 
of  the  telescope  is  adjusted  by  a  screw,  the  threads 
of  which  are  formed  upon  the  outside  of  a  tube 
into  which  the  eyepiece  slides.  The  eyepiece  and 
apparatus  connected  with  it  is  screwed  into  the 
inside  of  the  main  tube  when  not  in  use,  when 
the  instrument  forms  a-compact  brass  cylinder  six 
inches  long,  which  is  inclosed  in  a  fish  skin  case, 
lined  with  silk  velvet,  which  opens  with  hinges. 

The  lenses  in  the  eyepieces  formerly  described, 
though  stated  to  be  plano-convexes,  are,  for  the 
most  part,  crossed  glasses,  that  is,  ground  on  tools 
of  a  long  focus  on  the  one  side,  and  to  a  short  fo- 
cus on  the  other.  The  construction  of  the  eye- 
piece of  the  Dutch  telescope  above  described  is  one 
which  might  be  adopted  with  a  good  effect  in  most 
of  our  achromatic  telescopes;  and  I  am  persuad- 
ed, from  the  application  1  have  made  of  it  to 
various  telescopes,  that  it  is  even  superior  in  dis- 
tinctness and  accuracy,  and  in  the  Jlatness  of 
field  which  it  produces  to  the  eyepiece  in  com- 
mon use.  The  two  astronomical  eyepieces  of 
which  it  consists,  when  applied  to  large  achroma- 
tic telescopes,  perform  with  great  accuracy,  and 
are  excellently  adapted  for  celestial  observations. 


SECTION   III. 

Description  of  the  pancratic  eyetube. 

From  what  we  have  stated  when  describing  the 
common  terrestrial  eyepiece  now  applied  to  ach- 
romatic instruments  (p.  9S,  fig.  79),  it  appears 
obvious  that  any  variety  of  magnifying  powers, 
within  certain  limits,  may  be  obtained  by  remov- 
ing the  set  of  lenses  C  Z),  fig.  7!),  nearer  to  or 
farther  from  the  tube  which,  contains  the  lenses 
A  and  B,  on  the  same  principle  a3  the  magnifying 


power  of  a  compound  microscope  is  increased  by 
removing  the  eyegbisses  to  a  greater  distance  from 
the  object  lens,  if,  then,  the  pair  of  eyeleuses  C 
D  be  attached  to  an  inner  tube  tliat  will  draw  out 
and  increase  their  distance  from  the  inner  pair  of 
lenses,  as  the  tube  abed,  the  inagnilying  power 
may  be  indefinitely  increased  or  diminished  by 
pushing  ill  or  drawing  out  the  sliding  tube,  and  a 
scale  might  be  placed  on  this  lube,  which,  if 
divided  into  equal  intervals,  will  be  a  scale  of 
magnifying  powers,  by  which  the  [tower  of  the 
telescope  will  be  seen  at  every  division,  when  the 
lowest  power  is  once  determineu. 

Sir  David  Brewster,  in  his  "  Treatise  on  New 
Philosojjhical  Instruments,"  Book  I,  chap,  vii, 
page  59,  published  in  lbl3,  has  adverted  to  tliis  cir- 
cumstance in  his  description  of  an  "Eyepiece 
Wire  Micrometer,"  and  complains  of  jVlr.  bzekiel 
Walker  having  in  the  "  Philosophical  Magazine  " 
for  August,  Ifcll,  described  such  an  instrument  as 
an  invention  of  his  own.  Dr.  Kitchener,  some 
years  afterward,  described  what  he  called  a  Pancra- 
tic or  omnipotent  eyepiece,  and  got  one  made  by 
DoUond,  with  a  few  modifications  different  from 
that  suggested  by  Brewster  and  Walker,  which 
were  little  else  than  cutting  the  single  tube. into 
several  parts,  and  giving  it  the  upfjearaitce  of  a 
new  invention.  In  fact,  none  of  these  gentlemen 
had  a  right  to  claim  it  as  his  peculiar  inven- 
tion, as  the  principle  was  known  and  recog- 
nized long  before.  I  had  increased  the  magnify- 
ing powers  of  telescopes  on  the  same  principle 
several  years  before  any  of  these  gentlemen  com- 
nniiiicated  their  views  on  the  subject,  although 
I  never  formally  constructed  a  scale  of  powers. 
Mr.  B.  Martin,  who  died  in  17J;2,  proposed  many 
years  before,  such  a  movable  interior  tube  as  that 
alluded  to  for  varying  the  magnifying  power 

In  order  to  give  the  reader  a  more  specific  idea 
of  this  contrivance,  I  shall  present  him  with  a 
figure  and  description  of  one  of»Dr.  Kitchener's 
pancratic  eyepieces,  copied  from  one  lately  in  my 
possession.  The  following  are  the  exact  dimen- 
sions of  this  instrument,  with  the  focal  distances, 
&c.,  of  the  glasses,  <Stc.,  of  which  it  is  coinposed- 

In.  Tenths. 

Length  of  the  whole  eyepiece,  con- 
sisting of  four  tubes,  when  fully  drawn 
out,  or  the  distance  from  A  to  B,  fig.  81      14       4 

Length  of  the  three  tubes  on  which 
the  scale  is  engraved,  from  the  com- 
mencement of  the  divisions  at  B  to  their 
termination  at  C   .         .  .  .         .     9     15 

Each  division  into  tens  is  equal  to 
3-lUths  of  an  inch. 

When  the  three  inner  tubes  are  shut 
up  to  C,  the  length  of  the  eyepiece  is 
exactly  ......  .55 

When  these  tubes  are  thus  shut  up,  the 
magnifying  power  for  a  3^^  feet  achro- 
matic is  100  times,  which  is  the  smallest 
power.  When  the  inner-  tube  is  drawn 
out  one-third  of  an  inch,  or  to  the  first 
division,  the  power  is  110,  &c. 
Focal  distance  of  the  lens  next  the  object       1     0 

Breadth  of  ditto  .         .         .  .       0  65 

The  plane  side  of  this  glass  is  next  the 
object. 

Focal  distance  of  the  second  glass  from 
the  object        .         .         .         .         .         .15 

This  glass  is  double  and  equally  con- 
vex. 

Breadth 0     5 

Distance  between  these  two  glasses  ]     7 

Focal  distance   of  the   third    or   field 
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In.  Tenths. 

lens,  which  is  plane  on  the  side  next  the 

eye  11 

Breadth  of  ditto 0     55 

Focal  distance  of  the  lens  next  the  eye     0       6 

Breadth  of  ditto 0     43 

This  glass  is  plane  on  the  side  next  the 

eye. 

Distance   between  the  third  and  fourth 

glasses  11 

From  the  figure  and  description,  the  reader 
will  be  at  no  loss  to  perceive  how  the  iiiagnifyiiig 
power  is  ascertained!  by  this  eyepiece.  If  the 
lowest  power  for  a  44  inch  telescope  be  found 
to  be  100  when  the  three  sliding  tubes  are 
ehut  into  the  larger  one,  then  by  drawing  out  the 
tube  next  the  eye  four  divisions,  a  power  of  140 
is  produced ;  by  drawing  out  the  tube  next 
the  eye  its  whole  length,  and  the  second  tube  to  the 
division  marked  220,  a  power  of  220  times  is 
produced;    and  drawing  out  all  the  tubes  to  their 


utmost  extent,  as  represented  in  the  figure,  a 
power  of  400  is  obtained.  These  powers  are  by 
far  too  high  for  such  a  telescope,  as  the  powers 
between  liOO  and  400  can  seldom  or  never  be  used. 
Were  the  scale  to  begin  at  50  and  terminate  at  200, 
it  would  be  much  better  adapted  to  a  .'ij-g  feet  tele- 
scope. Each  alteration  of  the  magnifying  power 
requires  a  new  adjustment  of  llio  eyepiece  for 
distinct  vision.  As  the  magnifying  power  is  in- 
creased, the  distance  between  the  eyeglass  and  the 
object-glass  must  be  diminished.  Dr.  Kitch'-ner 
says  that  "  the  pancratic  eyetube  gives  a  better 
defined  itnage  of  a  fixed  star,  and  shows  double 
stars  decidedly  more  distinct  and  perfectly  separat- 
ed, than  any  other  eyi-tube,  and  that  such  tubes 
will  probably  enable  us  to  determine  tlie  distances  of 
these  objects  from  each  other  in  a  more  perfect  man- 
ner tlutii  has  been  possible  heretofore."  These  tubes 
are  made  by  Dollond,  London,  and  are  sold  for  two 
guineas  each;  but  I  do  not  think  they  excel  in 
distinctness  those  which  are  occasionally  made  by 
Mr.  TuUey  and  other  opticians. 


Fig.  81. 


CHAPTEH    VI 


MISCELLANEOUS  REMARKS  IN  RELATION  TO  TELESCOPES. 


The  following  remarks,  chiefly  in  regard  to  the 
manner  of  using  telescopes,  may  perhaps  be  use- 
ful to  young  observers,  who  are  not  much  accus- 
tomed to  the  mode  of  raaniigiufif  these  instruments 

1.  Adjuslments  requisite  to  be  attended  to  in  the 
use  of  Telescopes. — When  near  objects  are  viewed 
with  a  considerable  magnifying  power,  the  eye- 
tube  requires  to  be  removed  f  irther  from  the  ob- 
ject-glass than  when  very  distant  objects  are  con- 
templated. When  the  telescope  is  adjusted  for 
an  object  6,  8,  or  10  miles  distant,  a  very  conside- 
rable alteration  in  the  adjustment  is  requisite  in 
order  to  see  distinctly  an  object  at  the  distance  of 
two  or  three  hundred  yards,  especially  if  the  in- 
strument is  furnished  with  a  high  magnifying 
power.  In  this  last  case,  the  evetube  requires  to 
be  drawn  out  to  a  considerable  distance  beyond 
the  focus  for  parallel  rays.  I  have  found  that,  in 
a  telescope  which  magnifies  70  times,  when  ad- 
justed for  an  object  at  the  distance  of  two  miles, 
the  adjustment  requires  to  be  altered  full)'  one 
inch  in  order  to  perceive  distinctly  an  object  at 
the  distance  of  two  or  three  hundred  yartls;  that 
is,  the  tube  must  be  drawn,  in  tins  case,  an  inch 
farther  from  the  object-glass,  and  pushed  in  the 
same  extent,  when  we  wish  to  view  an  object  at 
the  distance  of  two  or  three  miles.  These  adjust- 
ments are  made,  in  pocket  perspectives,  by  gently 
slidina:  the  eyetube  ii;  or  out,  by  giving  it  a  gentle 
circular  or  spira.  motion,  until  the  object  ap])ears 
distinct.  In  using  telescof)cs  which  are  held  in 
the  hand,  the  best  plan  is  to  draw  all  the  tubes  out 
to  their  full  length,  and  then,  looking  at  the  ob- 
ject, with  the  left  hand  supporting- the  main  tube 
nenr  the  obji-ct-glass,  ami  the  right  supporting  the 
eyetube,  gently  and  gradually  push  in  the  eye- 
piece until  distinct  vision  be  obtained.     In  Grego- 


rian reflecting  telescopes  this  adjustment  is  made 
by  means  of  a  screw  connected  with  the  small 
speculum;  and  in  large  achromatics,  by  means  of 
a  rack  and  pinion  connected  with  the  eyetube. 
When  the  magiiifying  power  of  a  telescope  is 
comparatively  small,  the  eyetube  requires  to  be 
altered  only  a  very  little. 

There  is  another  adjustment  requisite  to  be  at- 
tended, to  in  order  to  adapt  the  telescope  to  the  eyes 
of  diflerent   persons.     Those  whose  eyes  are  too 
convex,  or  who  are  short-sighted,  require  the  eye- 
tube  to  be  puslied   in,  and    those  whose  eyes  are 
somewhat    flattened,    as    old    people,  require  the 
tube  to  be  drawn  out.     Indeed,  there  are  scarcely 
two  persons  whose  eyes  do  not  require  different 
adjustments  in  a  slight  degree.      In  some  cases  I 
have  found  that  the  diiference  of  adjustment  for 
two  indiviihrds,  in  order  to  produce  distinct  vision 
in  each,  amounted  to  nearly  half  an  inch.     Hence 
the  difficulty   of  exhibiting  the  sun,  moon,  and 
planets    through    telescopes,  and  even  terrestrial 
objects,  to  a  company  of  persons  who  are   unac- 
quainted with  the  mode  of  using  or  adjusting  such 
instruments,  not  one-half  of  whom  generally  see 
the  object  distinctly;  for  upon  the  proper  adjust- 
ment of  a  telescope  to  the  eye,  the  accuracy  of 
vision  in  all  cases  depends,  and  no  one  except  the 
individual   actually  looking    through  the  instru- 
ment can  be  certain  that  it  is  accurately  adjusted 
to  his  eye;  and  even  the  individual   himself,  from 
not  being  accustomed  to  the  view  of  certain  ob- 
jects, may  be  uncertain  whether  or  not  the  adjust- 
ment  be  correct.     I    have   found    by  experience 
that  when  the    magnifying  powers  are  high,   as 
150  or  200,  tiic  difference  of  adjustment  required 
for  difl^erent  eyes   is  very  slight;   but  when   low 
powers  are  used,  as  20,  30,  or  40,  the  diflorence 
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of  the  reqiiisite  ailjiistments  is  foiiietiines  very 
coiisideiable,  amoiuiliiijr  to  a  quarter  or  halt  an 
iiich. 

2.  iSi!«^(!  of  the  alvimtphere  most  proper  for  observ- 
ing Terrestrial  and  Gtestial  Objects. — The  atmo- 
sphere wliicli  is  thrown  arouiui  the  glob',  while  it 
is  ei^seiilially  requisite  to  the  physical  constitution 
of  our  world,  ami  tlie  comfort  of  its  inhabitants, 
is  found  iu  rnuny  instances  a  serious  obstruction 
to  the  accurate  peri'orniance  of  telescopes.  Some- 
times it  is  obscured  by  mists  and  exlinlations; 
sometimes  it  is  thrown  into  violent  undulations 
by  the  iieat  of  the  sun  and  the  process  of  eva[)ora- 
tion;  and  even,  in  certain  cases,  where  there  ap- 
pears a  pure  unclouded  azure,  there  is  an  agitation 
among  its  particles,  and  the  substances  incorpora- 
ted with  tliem,  which  prevents  the  telescope  from 
producing  distinct  vision  either  of  terrestrial  or 
celestial  objects.  For  viewing  distant  terrestrial 
objects,  especially  with  high  j)owers,  the  best  time 
is  early  in  the  morning,  a  little  after  sunrise,  and 
from  that  period  until  about  nine  o'clock,  a.  m.,  in 
summer,  and  iu  the  evening  about  two  or  three 
hours  belore  sunset.  From  about  ten  o'clock, 
A.M.,  Uiitil  fonror  five  in  the  afternoon,  in  sum- 
mer, if  the  sky  be  clear  and  the  sun  shining,  there 
is  generally  a  considerable  undulation  iu  the  at- 
mosphere, occasioned  by  the  solar  rays  and  the 
rapid  evaporation,  which  prevents  high  powers 
from'being  used  witli  distinctness  on  any  tele- 
scope, however  excellent.  The  objects,  at  such 
times,  when  powers  of  50,  70,  or  100  are  applied, 
appear  to  undulate  like  the  waves  of  the  sea,  and, 
notwithstanding  every  effort  to  adjust  the  tele- 
scope, they  appear  confused  and  indistinct.  Even 
with  very  moderate   magnifying  powers  this  im- 

ferfection  is  perceptible.  In  such  circumstances, 
have  sometimes  used  a  power  of  200  times  on 
distant  land  objects  with  good  effect  a  little  before 
sunset,  when,  in  the  forenoon  of  the  same  day,  I 
could  not  have  applied  a  power  of  50  with  any  de- 
gree of  distinctness.  On  days  when  the  air  is 
clear  and  the  atmosphere  covered  with  clouds,  ter- 
restrial objects  may  be  viewed  with  considerably 
high  powers.  When  there  has  been  a  long  con- 
liuLied  drought,  the  atmosphere  is  then  in  a  very 
unfit  state  for  enjoying  distinct  vision  with  high 
magnifying  powers,  on  account  of  the  quantity 
of  vapors  with  which  the  atmosphere  is  then  sur- 
charged, and  the  undulations  they  produce.  But, 
after  copious  showers  of  rain,  especially  if  ac- 
companied with  higli  winds,  the  air  is  purified, 
and  distant  objects  appear  with  greater  brilliancy 
and  distinctness  than  at  any  otiier  seasons.  In 
using  telescopes,  the  objects  at  which  we  look 
Bhould,  if  possible,  he  nearly  in  a  direction  oppo- 
site to  that  of  the  sun.  When  they  are  viewed 
nearly  in  the  direction  of  the  sun,  their  shadows 
are  turned  toward  us,  and  they  consequently  ap- 
pear dim  and  obscure.  By  not  attending  to  this 
circnmstance,  some  {)ersoi)s,  in  trying  telescopes, 
have  pronounced  a  good  instrument  to  be  imper- 
fect, which,  had  it  been  tried  on  objects  properly 
illuminated,  would  have  been  found  to  be  excel- 
lent. In  our  variable  northerly  climate  the  atmo- 
sphere is  not  so  cli-ar  and  serene  for  telescopic 
observation  as  in  Italy,  the  uth  of  France,  and 
in  many  of  the  coujifries  .hich  lie  witiiin  the 
trepics.  The  undulations  of  the  air,  owing  to 
the  causes  alluded  to  abo'  constitute  one  of  the 
principal  reasons  why  a  telescope  magnifying 
above  a  hundred  times  can  seldom  be  used  with 
any  good  effect  in  viewing  terrestrial  objects, 
though  I  have  sometimes  used  a  power  of  nearly 
200  with  considerable  distinctness  in  the  stillness 
of  a  su'umer  or  autumnal  evening,  when  the  rays, 


of  tiie  declining  sun  strongly  illuminated  distant 
objects. 

The  atmosphere  is  likewise  frequently  a  great 
obstruction  to  tin^  distinct  perception  of  celestial 
objects.  It  is  scarcely  possible  for  one  who  has 
not  been  accustomed  to  astronomical  observations 
to  form  a  conception  of  the  very  great  difference 
there  is  iu  the  appearance  of  some  of  the  heavenly 
bodies  in  diffrrcnl  stales  of  the  atmosphere.  TJiere 
are  certain  conditions  of  the  atmosphere  es.se.u- 
lially  ri-qnisite  for  making  accurate  observations 
vvitli  powerful  telescopes,  and  it  is  but  seluom, 
especially  in  our  climate,  that  all  the  favorable 
circumstances  concur.  The  nights  must  be  very 
clear  and  serene — the  rnoon  absent — no  twilight — 
no  haziness — no  violent  wind — no  sud^ien  change 
of  temperature,  as  from  tiiaw  to  frost — and  no 
surcharge  of  the  atmosphere  with  aqueous  vapor. 
I  have  frequently  found  that,  on  the  first  and 
second  nights  after  a  thaw,  when  a  strong  frost 
had  set  iu,  and  when  the  heavens  appeared  very 
brilliant,  and  the  stars  vivid  and  sparkling,  the 
planets,  when  viewed  with  high  powers,  appeared 
remarkably  undefined  aiul  indistinct;  their  mar- 
gins appeared  waving  and  jagged;  and  the  belts 
of  Jupiter,  which  at  other  times  were  remarkably 
distinct,  were  so  obscured  and  ill-defined  that  they 
could  with  difficulty  be  traced.  This  was  proba- 
bly owing  to  the  quantity  of  aqueous  vapor,  and 
[icrhaps  icy  particles,  then  floating  in  the  air,  and 
to  the  undulations  thereby  produced.  When  a 
hard  frost  has  continued  a  considerable  time,  this 
impediment  to  distinct  observation  is  iu  a  great 
measure  removed.  But  I  have  never  enjoyed 
more  accurate  and  distinct  views  of  the  heavenly 
bo  lies  than  in  fresh,  serene  evenings,  when  there 
was  no  frost  and  no  wind,  and  only  a  few  fleecy 
clouds  occasionally  hovering  around.  On  such 
evenings,  and  on  such  alone,  the  highest  powers 
may  be  applied.  I  have  used  magnifying  powers 
on  such  occasions  with  good  effect  which  could 
not  have  been  applied,  so  as  to  insure  distinct 
vision,  more  frequently  than  two  or  three  days  in 
the  course  of  a  year*. 

Sir  William  Herschel  has  observed,  in  reference 
to  this  point,  "  In  beautiful  nights,  when  the  out- 
side of  our  telescopes  is  dropping  with  moisture, 
discharged  from  the  atmosphere,  there  are  now 
and  then,  favorable  liours  in  which  it  is  hardly 
possible  to  put  a  limit  to  the  magnifying  powers; 
but  such  Valuable  opportunities  are  extremely 
scarce,  and  with  large  instruments  it  will  always 
be  lost  labor  to  observe  at  other  times.  In  order, 
therefore,  to  calculate  how  long  a  time  it  must 
lake  to  swi-ep  the  heavens,  as  far  as  they  are  with- 
in the  reach  of  my  forty  feet  telescope,  charged 
with  a  magnifying  power  of  1000,  I  have  had  re- 
course to  my  journals  to  find  how  many  favorable 
hours  we  ma)' annually  ho[>e  for  in  this  climate; 
and,  under  all  favorable  circumstances,  it  ajjpeara 
that  a  year  which  will  afford  ninety,  or,  at  most, 
one  hundred  hours,  is  to  be  called  very  produc- 
tive." "  In  the  equator,  wMth  my  twenty  feet  te- 
lescope, I  have  swept  over  zones  of  two  degrees 
with  a  power  of  157,  but  an  allowance  of  ten 
minutes  in  polar  distance  must  be  made  for  lap- 
ping the  sweeps  over  one  another  where  they  join. 
As  the  breadth  of  the  zones  may  be  increased  to- 
ward the  poles,  the  northern  hemispliere  may  he 
swept  in  about  40  zones;  to  these  we  must  adu  19 
southern  zones;  then  59  zones,  which,  oil  account 
of  the  sweeps  lapping  over  one  anotlier  about  live 
minutes  of  time  in  right  ascension,  we  must  reck- 
on of  25  hours  each,  will  give  1475  hours;  and 
allowing  100  hours  per  year,  we  find  that  with 
the    twenty  feet   telescope  the    heavens  may   be 
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swept  in  about  fourteen  years  and  three-quartL^rs. 
Sow  the  time  of  swocping  with  different  lUKgiii- 
'ying  powers  will  be  as  the  squares  of  the  powers; 
and  putting/)  and  t  for  tiie  power  and  time  in 
the  twenty  feet  telescope,  and  P=>1000  for  the 
power  in  the  forty  feet  instrument,  we  shall  have 

tP2 
p2  :  t :  :  P2  :  —-=59840.  Then,  making  the  same 

allowance  for  100  hours  per  year,  it  appears  that 
it  will  require  not  less  than  59d  years  to  look  with 
the  forty  feet  reflector,  charged  with  the  above- 
mentioned  power,  only  one  single  moment  into 
each  point  of  space;  and  even  then,  so  much  of 
the  southern  heintsphere  will  remain  unexplored 
as  will  take  up  213  years  more  to  examine."* 

From  the  above  remarks  of  so  eminent  an  ob- 
eerver,  tlie  reader  will  perceive  how  difficult  it  is 
to  explore  the  heavens  witli  minuteness  and  accu- 
racy, and  with  how  many  disappointmeuts,  aris- 
ing from  the  state  of  the  atmosphere,  the  astrono- 
mer must  lay  his  account,  when  employed  in 
planetary  or  sidereal  investigation.  Beside  the 
circumstances  now  stated,  it  ought  to  be  noticed 
that  a  star  or  a  planet  is  only  in  a  situation  for  a 
high  magnifying  power  about  half  the  time  it  is 
above  the  horizon.  The  density  of  the  atmo- 
sphere, and  the  quantity  of  vapors  v/itii  which 
it  is  charged  near  the  horizon,  prevent  distinct 
vision  of  celestial  objects  with  high  povvers  until 
they  have  risen  to  at  least  15  or  20  degrees  in  alti- 
tude, and  the  highest  magnifiers  can  scarcely  be 
applied  with  good  effect  unless  the  object  i«  near 
the  meridian,  and  at  a  considerable  elevation 
above  the  horizon.  If  the  moon  be  viewed  a 
little  after  her  rising,  and  afterward  when  she 
comes  to  her  highest  elevation  in  autumn,  tlie 
difference  in  her  appearance  and  distinctness  will 
be  strikingly  perceptible.  It  is  impossible  to 
guess  whether  a  night  be  well  adapted  for  celestial 
observations  until  we  actually  make  the  experi- 
ment, and  instruments  are  frequently  condemned, 
when  tried  at  improper  seasons,  when  the  atmo- 
sphere only  is  in  fault.  A  certain  obsei-ver  re- 
marks, "  I  have  never  seen  the  face  of  Saturn 
more  distinctly  than  in  a  night  when  the  air  has 
been  so  hazy  that  with  my  naked  eye  I  could 
hardly  discern  a  star  of  less  than  the  third  magni- 
tude. The  degree  of  the  transparency  of  the 
air  is  likewise  varying  almost  in  the  course  of 
every  minute,  so  that  even  in  the  course  of  the 
same  half  hour  planets  and  stars  will  appear  per- 
fectly defined,  and  the  reverse.  The  vapors 
moving  and  undulating  the  atmosphere,  even 
when  the  sky  appears  clear  to  the  naked  eye, 
will  in  a  few  instants  destroy  the  distinctness  of 
vision,  and  in  a  few  seconds  more  the  object  will 
resume  its  clear  and  well-defined  aspect."! 

3.  On  the  magnifijing  Powers  requisite  for  ohserv- 
inij  the  Phenomena  of  the  different  Planets,  Comets, 
double  Stars,<SfC. — Tliere  are  some  objects  connected 
with  astronomy  which  cannot  be  perceived  with- 
out having  recourse  to  instruments  and  to  powers 
of  great  magnitude;  but  it  is  a  vulgar  error  to 
imagine  that  very  large  and  very  expensive  tele- 
scopes are  absolutely  necessary  for  viewing  the 
greater  part  of  the  more  interesting  scenery  of  the 


*  Philosophical  Transactions  for  1800,  vol.  xc,  p.  80.  &c. 

t  In  using  telescopes  within  doors,  care  should  generally 
be  taken  that  there  be  no  fires  in  the  apartment  where  they 
are  placed  for  observation,  and  that  the  air  within  be  nearly 
of  the  same  temperature  as  the  air  of  the  surronndin^  atmo- 
sphere; for  if  the  room  be  filled  with  heated  air,  when  the 
windows  are  opened  there  will  be  a  current  of  cold  rnshins 
in,  and  of  healed  rushing  out,  which  will  produce  such  an 
nndulation  and  tremulous  motion  as  will  prevent  any  celes- 
tial object  firora  being  distinctly  seea. 


heavens.  Most  of  the  phenomena  of  the  planets, 
comets,  double  stars,  and  other  objects,  are  visible 
with  instruments  of  moderate  dimensions,  so 
that  every  one  who  has  a  relish  for  celestial  inves- 
tigations may,  at  a  comparatively  small  expense, 
procure  a  telescope  for  occasional  observations 
which  will  show  the  principal  objects  and  phe- 
nomena described  in  books  on  astronomy.  Many 
persons  have  been  misled  by  some  occasional 
I  remarks  which  Sir  W.  Herschel  made,  in  refer- 
ence to  certain  very  high  powers  which  he  some- 
times put,  by  way  of  experiment,  on  some  of  his 
telescopes,  as  if  these  were  the  powers  requisite 
for  viewing  the  objects  to  which  he  refers.  For 
example,  it  is  stated  that  he  once  put  a  power  of 
6450  times  on  his  seven  feet  Newtonian  telescope 
of  6  3-lOths  i.aches  aperture;  but  tiiis  was  only 
for  the  purpose  of  an  experiment,  and  could  be 
of  no  use  whatever  when  applied  to  the  moon,  the 
plaints,  and  most  objects  in  the  heavens.  Her- 
schel, through  the  whole  course  of  his  writings, 
mentions  his  only  having  used  it  tivice,  namely, 
on  the  stars  a.  Lyr<E  and  y  Leonis,  which  stars 
can  be  seen  more  distinctly  and  sharply  defined 
with  a  power  of  420.  To  produce  a  power  of 
6450  on  such  a  telescope  would  require  a  lens  of 
only  l-77th  of  an  inch  in  focal  distance;  and  it 
is  questioned  by  some  whether  Herschel  had 
lenses  of  so  small  a  size  in  his  possession,  or 
whether  it  .is  possible  to  form  them  with  accu- 
racy. 

Powers  requisite  for  observing  the  Phenomena 
of  the  Planets. — The  planet  Mercury  requires  a 
considerable  magnifying  power  in  order  to  per- 
ceive its  phases  with  distinctness.  I  have  seldom 
viewed  this  planet  with  a  less  power  than  100  and 
150,  with  which  powers  its  half-moon,  its  gib- 
bous, and  its  crescent  phase  may  be  distinctly 
perceived.  With  a  power  of  40,  50,  or  even  60 
times,  these  phases  can  with  difficulty  be  seen, 
especially  as  it  is  generally  at  a  low  altitude  when 
such  observations  are  made.  The  phases  of  Ve- 
nus are  much  more  easily  distinguished,  espe- 
cially the  crescent  phase,  which  is  seen  to  the 
greatest  advantage  about  a  month  before  and 
after  the  inferior  conjunction.  With  a  power  not 
exceeding  25  or  30  times,  this  phase,  at  such 
periods,  may  be  easily  perceived.  It  requires, 
however,  much  higher  powers  to  perceive  dis- 
tinctly the  variations  of  the  gibbous  phase;  and 
if  this  planet  be  not  viewed  at  a  considerably 
high  altitude  when  in  a  half-moon  or  gibbous 
phase,  the  obscurity  and  undulations  of  the  at- 
mosphere near  the  horizon  prevent  such  phases 
from  being  accurately  distinguished,  even  when 
high  povvers  are  applied.  Although  certain  phe- 
nomena of  the  planets  may  be  seen  with  such 
low  powers  as  I  have  now  stated,  yet  in  every 
instance  the  highest  magnifying  powers  consist- 
ent with  distinctness  should  be  preferred,  as  the 
eye  is  not  then  strained,  and  the  object  appears 
with  a  greater  degree  of  magnitude  and  splendor. 
The  planet  Mars  requires  a  considerable  degree 
of  magnifying  power,  even  when  at  its  nearest 
distance  from  the  earth,  in  order  to  discern  its 
spots  and  its  gibbous  phase.  I  have  never  ob- 
tained a  satisfactory  view  of  the  spots  which 
mark  the  surface,  and  their  relative  position,  with 
a  less  power  than  130,  160,  or  200  times;  and 
even  with  such  powers,  persons  not  much  accus- 
tomed to  look  through  telescopes  find  a  dilhculty 
in  distinguishing  them. 

The  strongest  and  most  prominent  belts  of  Ju- 
piter may  be  seen  with  a  power  of  about  45, 
which  power  may  be  put  upon  a  twenty-inch 
achromatic  or  a  one  foot  reflector;  but  a  satisfac- 
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tory  view  of  all  the  bells,  and  flie  relative  ]>on-  , 
tioiis  tiiey  occupy,  cannot  be  obtained  with  nuieli 
lower  powirs   than  80,   100,  or  140.     The  most  i 
common    positions  of  these   belts  are,  one   dark 
and   w-11-defined   belt  to  the   south   of  Jupiter's  i 
equator;  anolli'.-r  of  nearly  the  same  description  I 
to    the  north   of  it,  and  one  about  liis  north  and  ' 
his  south   polar  circles.      These  polar    belts    are 
rmicii  more  faint/and,  consequently,  not  so  easily  ' 
/lisUiiguished  us  the  equatorial  belts.     The  nwons  j 
of  this  planet,  in  a  very  clear   night,  may  some-  j 
times  be  seen  with  a  pocket  one  foot  achromatic 
glass   magnifying  about   15  or  16  times.     Some 
people   have   pretended  that  they  could  see  some 
of  these  satellites  with  their  naked  eye;  but  this 
is  very  uoubtful,  and  it  is  probable  that  such  per- 
sons mistook   certain  fixed  stars  wliich  happened 
to    be   near   Jupiter   for   his   satellites.      But,  in 
order   to   have   a   clear  and   interesting  view    of 
these,  powers  of  at   least  80  or  100  times  should 
be  used.     In  order  to  perceive  their  immersions 
into  the  shadow  of  Jupiter,  and  the  exact  moment 
of  their  emersions  from  it,  a   telescope  not  less 
than  a  44  inch  acliromatic,  with  a  power  of  150, 
should  be  employed.     When   these  satellites  are 
viewed  through  large  telescopes  with  high  magni- 
fying yjowers,  they  appear  with  well-defined  oiscs, 
like  small  planets.     The  planet  Jupiter  has  gen- 
erally been  considered  as  a  good  test  by  which  to 
try  telescopes  for  celestial  purposes.     When  it  is 
near  the  meridian  and  at  a  high  altitude,  if  its 
general  surface,  its  belts,  and  its  margin   appear 
distinct  and  well-defined,  it  forms  a  strong  pre- 
Eumptive  evidence  that  the  instrument  is  a  good 
one. 

The  planet  Saturn  forms  one  of  the  most  in- 
teresting objects  for  telescopic  observation.  The 
ring  of  Saturn  may  be  seen  vpith  a  power  of  45; 
but  it  can  only  be  contemplated  with  advantage 
when  powers  of  100,  150,  and  200  are  applied  to 
a  three  or  a  five  feet  achromatic.  The  belts  of  Sat- 
urn are  not  to  be  seen  distinctly  with  an  achro- 
matic of  less  than  2^ths  inches  aperture,  or  a 
Gregorian  reflector  of  less  than  four  inches  aper 
ture,  nor  with  a  less  magnifying  power  than  100 
times.  Sir  W.  Herschel  has  drawn  this  planet 
with  five  belts  across  its  disc;  but  it  is  seldom 
that  above  one  or  two  of  them  can  be  seen  by 
moderate-sized  telescopes  and  common  observers. 
The  division  of  the  double  ring,  when  the  planet 
is  in  a  favorable  position  for  observation,  and  in 
a  high  altitude,  may  sometimes  be  perceived  with 
a  44  inch  achromatic,  with  an  aperture  of  2^^'ths 
inches,  and  with  powers  of  150  or  180  ;  but 
higher  powers  and  larger  instruments  are  gen- 
erally requisite  to  perceive  this  phenomenon  dis- 
tinctly; and  even  when  a  portion  of  it  is  seen  at 
the  extremities  of  the  ansa,  the  division  cannot, 
in  every  case,  be  traced  along  the  whole  of  the 
half- circumference  of  th«  ring  which  is  presented 
to  our  eye.  Mr.  Hadley's  engraving  of  Saturn, 
in  the  "Philosophical  Transactions"  for  1723, 
though  taken  with  a  Newtonian  reflector  with  a 
power  of  228,  represents  the  division  of  the  ring 
as  seen  only  on  the  ausse  or  extremities  of  the 
elliptical  figure  in  which  the  ring  appears.  The 
best  period  .for  observing  this  division  is  when  the 
ring  appears  at  its  utmost  width.  In  this  posi- 
tion it  was  seen  in  1!~40,  and  it  will  appear  nearly 
in  the  same  position  in  1855.  When  the  ring 
appears  like  a  very  narrow  ellipse  a  short  time 
previous  to  its  disappearance,  the  division,  or 
dark  space  between  the  rings,  cannot  be  seen  by 
oriiinary  instruments. 

Sir  W.  Herschel  very  properly  observes, "  There 
Is  not,  perhaps,  another  object  in  the  heavens  that 


presents  us  with  such  a  variety  of  extraordinary 
plu'nomfua  as  the  planet  Saturn:  a  rnaguilicent 
globe,  encompassed  by  a  stupendous  double  ring; 
attended  by  seven  satellites;  ornamented  with 
equatorial  belts;  compressed  at  the  poles;  turning 
upon  its  axis;  mutually  eclipsing  its  ring  and 
satellites,  ana  eclipsed  by  them;  the  most  distant 
of  tiie  rings  also  tnrning  upon  its  axis,  and  the 
Same  taking  place  with  the  farthest  of  the  satel- 
lites; all  tiie  parts  of  the  system  of  Saturn  oc- 
casionally reJlectiiig  light  on  each  other;  the 
rings  antl  moons  illuminating  the  nights  of  the 
Saturnian,  the  globe  and  satellites  enlightening 
the  liark  parts  of  the  ring;  and  the  planet  and 
rings  throwing  back  the  sun's  beams  upon  the 
moons,  when  they  are  deprived  of  them  at  the 
tin;^  of  their  conjunctions."  This  illustrious  as- 
tronomer states  that  with  a  new  seven  feet  mirror 
of  extraordinary  distinctness  he  examine.!  this 
planet,  and  found  that  the  ring  reflects  more  light 
than  the  body,  and  with  a  power  of  570  the  color 
of  the  body  becomes  yellowish,  while  that  of  the 
ring  remains  more  white'.  On  March  11,  1780, 
he  tried  the  powers  of  222,  .332,  and  440  succes- 
sively, and  found  the  light  of  Saturn  less  intense 
than  that  of  the  ring;  t!ie  color  of  the  body  turn- 
ing, with  the  high  powers,  to  a  kind  of  yellow 
white,  while  that  of  the  ring  still  remained  white. 
Most  of  the  sateUiles  of  Saturn  are  difficult  to  be 
perceived  with  ordinary  telescopes,  excepting  the 
fourth,  which  may  be  seen  with  powers  of  from 
60  to  100  times.  It  was  discovered  by  Huygens 
in  1655  by  means  of  a  common  refracting  tele- 
scope 12  ieet  long,  which  might  magnify  about 
70  times.  The  next  in  brightness  to  this  is  the 
fifth  satellite,  which  Cassini  discovered  in  1671 
by  means  of  a  17  feet  refractor,  which  migiit  ^arry 
a  power  of  above  80  times.  The  third  was  ^s- 
covered  by  the  same  astronomer  in  1672  by  a 
longer  telescope;  and  the  first  and  second  in  1684, 
by  means  of  two  excellent  object-glasses  of  100 
and  136  feet,  which  might  have  magnified  from 
200  to  230  times.  They  were  afterward  seen  by 
two  other  glasses  of  70  and  90  feet,  made  by 
Campani,  and  sent  from  Rome  to  the  Royal  Ob- 
servatory at  Paris  by  the  king's  order,  after  the 
discovery  of  the  third  and  fifth  satellites.  It  is 
asserted,  however,  that  all  those  five  satellites 
were  afterward  seen  with  a  telescope  of  34  feet, 
with  an  aperture  of  3-lOths  inches,  which  would 
magnify  about  120  times.  These  satellites,  on 
the  whole,  except  the  fourth  and  fifth,  are  not 
easily  detected.  Dr.  Derham,  who  frequently 
viewed  Saturn  through  Huygens'  glass  of  126 
feet  focal  length,  declares,  in  the  preface  to  his 
"  Astro-Theology,"  tliat  he  could  never  perceive 
above  three  of  the  satellites.  Sir  W.  Herschel 
observes,  that  the  visibility  of  these  minute  and 
extremely  faint  objpcts  depends  more  on  the 
penetrating  than  upon  the  magnifying  power  of 
our  telescopes;  and  that  with  a  ten  feet  Newto- 
nian, charged  with  a  magnifying  power  ef  only 
60,  he  saw  all  the  five  old  satellites;  but  the  sjxth 
and  seventh,  which  were  discovered  and  were 
easily  seen  with  his  forty  feet  telescope,  and  were 
also  visible  in  his  twenty  feel  instrument,  were 
not  discernible  in  the  seven  or  the  ten  feet  tele- 
scopes, though  all  that  magnifying  power  can  do 
may  be  done  as  well  wiUi  the  s-ven  feet  as  with 
any  larger  instrument.  Speaking  of  the  seventh 
satellite,  he  says,  "  Even  in  my  forty  feet  reflectoi 
j  it  appears  no  bigger  than  avery  small  lucid  point. 
;  I  see  it,  however,  very  well  in  the  twenty  feet  re- 
j  fleeter,  to  which  the  exquisite  figure  of  the  specu- 
!  lum  not  a  little  contributes."  A  late  observer  as- 
I  sorts  that  in  1825,  with  a  twelve  feet  achromatic, 
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of  seven  inches  aperture,  made  by  TiiUey,  witli 
a  power  of  loO,  tlie  seven  satellites  were  ea- 
sily visible,  but  not  so  easily  with  a  power  of  2:)U; 
anii  that  the  planet  appeared  as  bright  as  brilliant- 
ly burnished  silver,  and  the  division  in  the  ring 
and  a  belt  were  very  plainly  distingnislied  with  a. 
power  of  2vJ0. 

The  planet  Uranus,  b^-innr  generally  invisible  to 
tiie  naked  eye,  is  seldom  an  object  of  attention  to 
cominou  observers.  A  considerable  magnifying 
power.is  requisite  to  rhake  it  appear  in  a  plamHary 
form  with  a  well-defined  disc.  The  best  periods 
for  di'tccting  it  are  when  it  is  near  its  opposition 
to  the  'jun,  or  when  it  happens  to  approximate  to 
any  of  the  otiier  planets,  or  to  a  well  known  fixed 
star.  When  none  of  tliese  circumstances  occur, 
its  position  requires  to  be  pointed  out  by  an  equa- 
torial tele^scopa.  On  the  morning  of  the  25th  of 
January,  1^41,  this  planet  happened  to  be  in 
conjunction  v/ith  Venus,  at  wrhich  time  it  was 
only  four  minutes  north  of  that  planet.  Sevei'al 
days  before  this  conjunction  I  made  observation.'^  on 
Uranus.  On  the  evening  of  the  24tli,  about  eight 
hours  before  the  conjunction,  the  two  planets  ap- 
peared in  tln^  same  field  of  the  telescop'^  the  one 
excee<iiugly  splendid,  and  the  other  more  obscure, 
but  distinct  and  well-defined.  Uranus  could  not 
be  perceived  either  with  the  naked  eye  orwitli  an 
opera-glass,  but  could  be  distinguished  as  a  very 
small  star  by  means  of  a  pocket  achromatic  tele- 
scope magnifying  about  14  times.  It  is  question- 
able whether,  under  the  most  favorable  circum- 
stances, this  planet  can  ever  be  distinguished  b)" 
the  nuked  eye.  With  magnifying  powers  of  '.]{) 
and  70,  it  appetii-ed  as  a  moderately  large  star 
witli  a  steady  light,  but  without  any  sensible  di>c. 
With  powers  of  120,  180,  and  2.50,  it  presented  a 
round  and  pretty  well-defined  disc,  but  not  so 
luminous  .and  distinct  as  it  would  have  done  in  a 
higher  altilule. 

The  Double  Stars  require  a  great  variety  of 
powers  in  order  to  distinguish  the  smal^  stars  that 
accompany  tiie  larger.  Some  of  them  are  distin- 
guished with  moderate  powers,  while  others  re- 
quire pretty  large  instruments,  furnished  with 
high  magnifying  eyepieces.  I  shall  therefore  se- 
lect only  a  few  as  a  .specimen.  The  star  Castor, 
or  a.  Geminorum,  may  be  easily  seen  to  be  double 
with  powers  of  from  70  to  100.  I  have  some- 
times seen  thi>se  stars,  which  are  nearly  equal  in 
size  and  color,  with  a  terrestrial  power  of  44  on  a 
44  inch  achromatic.  The  appearance  of  this  star 
with  such  powers  is  somewhat  similar  to  that  of  « 
Corona?  in  a  seven  feet  achromatic  of  five  inches 
aperture,  v  ith  a  power  of  500.  y  Andromedae  may 
be  seen  with  a  moderate  power.  In  a  thirty  inch 
achromatic  of  two  inches  aperture  and  a  power 
of  80,  it  appears  like  t  Bootis  wlien  seen  in  a  five 
feet  achromatic  witli  a  power  of  460.  This  star 
is  said  to  be  visible  even  in  a  one  foot  achromatic 
with  a  power  of  35.  «  Lyrae,  which  is  a  quintu- 
ple star,  but  appears  to  the  naked  eye  as  a  single 
star,  may  be  seen  to  be  double  with  a  power  of 
from  six  to  twelve  times,  y  Lemm  is  visibl"  in 
a  41  inch  achromatic  with  a  power  of  180  or  200. 
Rigel,  in  a  S^X  feet  achromatic,  may  be  seen  with 
powers  varying  from  130  to  200.  The  small 
star,  however,  which  accompanies  Rigel,  is  some- 
times difficult  to  be  perceived,  even  with  such 
powers,  i  Bootis  is  seldom  distinctly  defined  with 
an  achromatic  of  less  aperture  than  33^4  inches, 
or  a  reflector  of  less  than  five  inches,  with  a 
power  of  at  least  250. 

Tlieso  and  similar  stars  are  not  to  be  expected 
to  be  seen  equally  well  at  all  times,  even  when 
tlie  magnifying  and  illuminating  powers  are  pro- 


perly proportioned,  as  much  depends  u[ion  the 
state  of  the  weather,  and  tlie  pureness  of  the  at- 
mosphere. In  order  to  perceive  the  closest  of 
the  double  stars.  Sir  W.  Hersclud  reconnn«n.is 
that  tiie  (lower  of  the  telescoj)e  should  be  adjusted 
upon  a  star  known  to  be  single,  of  nearly  th<d 
same  altitu  :e,  magnitude,  and  color  with  the  dou- 
ble star  which  is  to  be  observed,  or  upon  one  stir 
above  and  another  below  it.  Thus  the  late  Mr. 
Albert,  the  astronomer,  could  not  see  tlie  two 
stars  of  y  Leoiiis  when  the  focus  was  adjusti/d 
upon  that  star  itself,  but  he  soon  observed  tii« 
small  star  after  he  had  adjusted  the  focus  upon 
Ivegulus.  An  exact  adjustment  of  the  focus  of 
the  instrument  is  indispensably  requisite  in  order 
to  perceive  such  minute  objects. 

In  vimving  the  Nebula,  and  the  very  small  and 
immensely  i.istant  fixed  stars,  which  require  much 
light  to  render  them  vi.sible,  a  large  aperture  of 
the  object-glass  or  speculum,  which  a.imits  of  a 
great  quantity  of  light,  is  of  more  importance 
than  high  magnifyi;ig  powers.  It  is  light  chiefly, 
accompanied  with  a  moderate  niagiiifying  power, 
that  enables  us  to  penetrate  into  the  distant  regions 
of  S])ace.  Sir  W.  Herschel,  when  sweeping  the 
profundities  of  the  Milky  Way, and  the  Hand  and 
Club  of  Orion,  used  a  telescope  of'tlie  Newtonian 
form,  20  feet  focal  length  and  18  7-!0tbs  inches 
in  diameter,  with  a  power  of  only  157.  On  ap- 
plying this  telescope  and  power  to  a  part  of  the 
Via  Lactea,  he  found  that  it  completely  resolved 
the  whole  whitish  appearance  into  stars,  which 
bis  former  teloseoi)es  had  not  light  enough  to  ef- 
fect, and  which  smaller  instruments  with  much 
highermagnifying  powers  would  not  have  effected. 
He  tells  us  that,  v/ith  this  power,  "  the  glorious 
multitude  of  stars,"  in  the  vicinity  of  Orion,  "  of 
all  possible  sizes,  that  presented  themselves  to 
view,  was  truly  astonishing,  and  that  he  had 
fields  which  contained  70,  90,  and  110  stars,  so 
that  a  belt  of  fifteen  degrees  long  and  two  degrees 
broad,  which  passed  through  the  field  of  the  tele- 
scope in  an  hour,  could  not  contain  less  than  fifty 
thousand  stars  that  were  large  enough  to  be  dis- 
tinctly numbered."  In  viewing  the  R'lilky  Way, 
the  Nebulae,  and  small  clusters  of  stars,  such  as 
PrcBsepe  in  Cancer,  I  generally  use  a  power  of  55 
times  on  an  achromatic  telescope  six  feet  six 
inches  in  focal  length  and  four  inches  in  diameter. 
The  ej'epiece  which  produces  this  power — which 
I  formed  for  the  purpose — consists  of  two  convex 
lenses,  the  one  next  the  eye  three  inches  focal 
length  and  1  2-lOths  of  an  inch  diameter,  and 
that  next  the  object  3}.4  inches  focus  and  1 
4-lOths  of  an  inch  diameter,  the  deepest  convex 
surfaces  being  next  each  other,  and  th^ir  distance 
a  quarter  of  an' inch.  With  this  eyepiece  a  very 
large  and  brilliant  field  of  view  is  obtained;  and  I 
find  it  preferable  to  any  higher  powers  in  viewing 
the  nebulosities  and  clusters  of  stars.  In  certain 
spaces  of  tjie  heavens  it  sometimes  presents  in  one 
field  nearly  a  hundred  stars.  It  likewise  serves 
to  exhibit  a  very  clear  and  interesting  view  of 
the  full  moon. 

In  observing  Comets,  a  very  small  power  should 
generally  be  used,  even  on  large  instruments. 
These  bodies  possess  so  small  a  quantity  of  light, 
and  they  are  so  frequently  enveloped  in  a  vail  of 
dense  atmosphere,  that  magnifying  power  some- 
times renders  them  more  obscure,  and  therefore 
the  illuminating  power  of  a  large  telescope  Vi'ith 
a  small  power  is  in  all  cases  to  be  preferred  A 
comet  eyepiece  should  be  constructed  with  a  very 
large  and  uniformly  distinct  field,  and  should 
magnify  only  from  15  to  30  or  40  times,  and  the 
lenses  of  such  an  eyetube  should  be  nearly  two 
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inches  in  diameter.  The  late  Rev.  F.  Wollaston 
recotninendeil,  for  observing  comets,  "a  teiesco(>e 
with  an  achromatic  abject-glass  of  16  inches 
focal  length  and  two  inciies  aperture,  willi  a 
Ranisdou's  cynglass  magnifying  about  25  times, 
mounted  on  a  very  firm  e<]Uutoria!  stand,  the  field 
of  view  taking  in  two  degrees  of  a  great  circle." 
In  viewing  the  moy//,  various  powers  maybe 
applied,  according  to  circumstances.  The  best 
periods  of  the  moon  for  inspecting  the  inequali- 
ties on  its  surface  are  either  when  it  assumes  a 
crescent  or  a  lialf-moon  phase,  or  two  or  three 
days  after  the  period  of  half-moon.  Several  days 
after  full  moon,  and  particularly  about  the  third 
quarter,  when  the  orb  is  waning,  and  when  the 
shadows  of  its  mountains  and  vales  are  thrown  in 
a  diiTerent  direction  from  what  they  are  when  on 
the  increase,  the  most  prominent  and  interesting 
views  may  be  obtained.  The  most  convenient 
season  for  obtaining  such  views  is  during  the 
autumnal  months,  wuen  the  moon,  about  the 
third  quarter,  sometimes  rises  as  early  as  eight 
o'clock,  p.  M-,  and  may  be  viewed  at  a  considerably 
higli  altitude  by  ten  or  eleven.  When  in  the 
positions  now  alluded  to,  and  at  a  high  altitude, 
very  high  magnifying  powers  may  sometimes  be 
applied  with  good  etiect,  especially  if  the  atmo- 
sphere be  clear  and  serene.  I  have  sometimes 
applied  a  power,  in  such  cases,  of  330  times  on  a 
46  inch  achromatic  with  considerable  distinctness; 
but  it  is  only  two  or  three  times  in  a  year,  and 
when  the  atmosphere  is  remarkably  favorable, 
that  such  a  power  can  be  used.  Tiie  autumnal 
evenings  are  generally  best  fitted  for  such  obser- 
vations. The  full  moon  is  an  object  which  is 
never  seen  to  advantage  with  high  powers,  as  no 
shadows  or  inequalities  on  its  surface  can  then  be 
perceived.  It  forms,  however,  a  very  beautiful 
object  when  magnifying  powers  not  higher  than 
40,  50,  or  60  times  are  used.  A  power  of  45 
times,  if  properly  constructed,  will  show  the 
whole  of  the  moon  with  a  margin  around  it,  when 
the  darker  and  brighter  parts  of  its  surface  will 
present  a  variegated  aspect,  and  appear  somewhat 
like  a  map  to  the  eye  of  the  observer- 

4.  Mode  of  exhibiting  the  Solar  Spots. — The 
solar  spots  tnay  be  contemplated  with  advantage 
by  magnifying  powers  varying  from  GO  to  180 
times;  about  90  times  is  a  good  medium  power, 
though  tliey  may  sometimes  be  distinguished  with 
very  low  powers,  such  as  those  usually  adapted  to 
a  one  foot  telescope,  or  even  by  means  of  a  coin- 
moK  opera  glass.  The  common  astronomical  eye- 
pieces given  along  with  achromatic  telescopes, 
and ,.  tlie  sunglasses  connected  with  them,  are 
generally  ill  adapted  for  taking  a  pleasant  and 
con)prehensive  view  of  the  solar  spots.  In  the 
higher  magnifying  powers,  the  first  eyeglass  is 
generally  at  too  great  a  distance  from  the  eye, 
and  the  sunglass  which  is  screwed  over  it  removes 
it  to  a  still  greater  distance  from  the  point  to 
whi(;h  the  eye  is  applied,  so  that  not  above  one- 
third  of  the  field  of  view  can  be  taken  in.  This 
circumstance  renders  it  difScult  to  point  the  in- 
strument to  any  particular  small  spot  on  the 
solar  disc  which  we  wish  minutely  to  inspect; 
and  beside,  it  prevents  us  from  taking  a  compre- 
hensive view  of  the  relative  positions  of  all  the 
spots  that  may  at  any  time  be  traversing  the  disc. 
To  obviate  this  inconvenience,  the  sunglass  would 
require  to  be  -jilaced  so  near  to  the  glass  next  the  eye 
as  almost  to  touch  it.  But  this  is  sometimes  diffi- 
cult to  be  attained,  and  in  high  powers  even  the 
thickness  of  the  sunglass  itself  is  sufficient  to 
prevent  the  eye  from  taking  in  the  whole  field  of 
view.      For   preveutia/r    the   inconveniences    to 


which  I  now  all  ado,  I  generally  make  use  of  a 
terrestrial  eyepiece  of  a  considerable  power,  with 
a  large  field;  tlie  sunglass  is  fixed  at  tiie  end  of  a 
short  tube,  which  slides  on  the  eyepiece,  aud 
permits  the  colored  glass  to  approach  within  a 
line  or  two  of  the  lens  next  the  eye,  so  that  the 
wliole  field  of  the  telescope  iscompleltly  secured. 
The  eyepiece  alluded  to  carries  u  niignilying 
power  of  t)5  times  for  a  46  inch  telescope,  and 
takes  in  about  three-fourths  of  the  surface  of  the 
sun,  so  tiial  the  relative  positions  of  all  tile  spots 
may  generally  be  perceived  at  one  view,  ^uch 
a  power  is,  in  most  casas,  quite  sufficient  for 
ordinary  observations,  and  I  have  seldom  found 
any  good  effect  to  arise  from  attempting  very 
high  powers  when  minutely  examining  the  solar 
spots. 

But  the  most  pleasant  mode  of  viewing  the 
solar  spots,  especijily  when  we  wish  to  exhibit 
them  to  others,  is  to  throw  tiie  image  of  the  suu 
upon  a  wiiite  screen,  placed  in  a  room  wiiich  is 
considerably  darkened.  It  is  difficult,  however, 
when  the  sun  is  at  a  high  altitude,  to  put  this 
method  into  practice,  on  account  of  the  great 
obliquity  with  which  his  rays  then  fall,  which 
prevents  a  screen  from  being  placed  at  any 
considerable  distance  from  the  eye-ond  of  the 
telescope.  The  following  plan',  therefore,  is  that 
which  I  uniformly  adopt,  as  being  both  the 
easiest  and  the  most  satisfactory.  A  telescope  is 
placed  in  a  convenient  position,  so  as  to  be  direct- 
ed to  the  sun.  This  telescope  is  furnished  v\rith  a 
diagonal  eyepiece,  such  as  that  represented  in  fig. 
77  (p.  97).  The  wimlow-shutters  pf  the  apart- 
ment are  all  closed  excepting  a  space  sufficient  to 
admit  the  solar  rays;  and  when  the  telescope  is 
properly  adjusted,  a  beautiful  image  of  the  sun, 
with  all  the  spots  which  then  happen  to  diversify 
his  surface,  is  thrown  upon  the  ceiling  of  the  room. 
This  image  may  be  from  12  to  20,  or  30  Inches 
or  more  in  diameter,  according  to  the  distance 
of  the  ceiling  from  the  diagonal  eyepiece.  The 
greater  this  distance  is,  the  larger  the  image.  If 
the  sun  is  at  a  very  high  altitude,  the  image  will 
be  elliptical;  if  he  be  at  no  great  distance  from 
the  horizon,  the  image  will  appear  circular,  or 
nearly  so:  but  in  either  case  the  spots  will  be  dis- 
tinctly depicted,  provided  the  focus  of  tlie  tele- 
scope be  accurately  adjusted.  In  this  exhibition, 
the  apparent  motion  of  the  sun  produced  by  the 
rotation  of  the  earth,  and  the  passage  of  thin 
fleeces  of  clouds  across  the  solar  disc,  exhibit  a 
very  pleasing  appearance. 

By  this  mode  of  viewing  the  solar  spots  we  may 
easily  ascertain  their  diameter  and  magnitude,  at 
least  to  a  near  approximation.  We  have  only~~to 
take  a  scale  of  inches,  aud  measure  the  diameter 
of  any  well-defined  and  remarkable  spot,  and 
then  the  diameter  of  the  solar  image;  and,  com- 
paring the  one  with  the  other,  v.-e  can  ascertain 
the  number  of  miles,  either  lineal  or  square,  com- 
prehended in  the  dimensions  of  the  spot.  Foi 
example,  suppose  a  spot  to  measure  half  an  inch 
in  diameter,  and  the  whole  image  of  the  sun  25 
inches,  the  proportion  between  the  diameter  of 
the  spot  and  that  of  the  sun  will  be  as  1  to  50;  in 
other  words,  the  one-fiftieth  part  of  the  sun's 
diameter.  Now  this  diameter  being  880,000  miles, 
this  number,  divided  by  50;  produces  a  quotient 
of  17,G0O=.the  number  of  miles  which  its  diam- 
eter measures.  Such  a  spot  will  therefore  contain 
an  area  of  243,285,504,  or  more  than  two  hundred 
and  forty-three  millions  of  square  miles,  which 
is  46  millions  of  iniKs  more  than  the  whole  su- 
perficies of  the  terraqueous  globe.  Again,  sup- 
pose the  diameter  of  a  spot  measures  3-lOths  of 
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an  inch,  and  the  solar  image  23  inches,  the  pro- 
portion of  the  diameter  of  the  spot  to  that  of  the 
sun  is  as  3  to  2.']0=the  number  of  tenths  in  23 
inches.  The  number  of  miles  in  the  spot's  diam- 
eter will  therefore  be  found  by  the  following  pro- 
portion: 230  :  880,000  ::  3  :  11,478;  that  is,  the 
diameter  of  such  a  spot  measures  eleven  thousand 
four  hundred  and  seventy-eight  miles.  Spots  of 
such  sizes  are  not  unfrequently  seen  to  transit  the 
solar  disc. 

By  this  mode  of  viewing  the  image  of  the  sun, 
his  spots  may  be  exhibited  to  twenty  or  thirty 
individuals  at  once  without  the  least  straining  or 
injury  to  the  eyes;  and  as  no  separate  screen  is 
requisite,  and  as  the  ceilings  of  rooms  are  gene- 
rally white,  the  experiment  may  be  perforrMed  in 
half  a  minute  without  any  previous  preparation 
»*xcept  screwing  on  and  adjusting  the  eyepiece. 
The  manner  of  exliibiting  the  solar  spots  in  this 
way  is  represented  in  hg.  82. 

5.  On  tfie  Space-penetrating  Power  of  Telescopes. 
— The  power  of  telescopes  to  penetrate  into  the 
profundity  of  space  is  the  result  of  the  quantity 
of  light  they  collect  and  send  to  the  eye  in  a  state 
fit  for  vision.  This  property  of  telescopes  is 
sometimes  designated  by  the  expression  lUuminat- 
inc]  Poirer. 

Sir  W.Herschel  appears  to  have  been  the  first  who 
made  a  distinction  between  the  magnifying  power 
and  the  space-penetrating  power  of  a  telescope; 
and  there  are  many  examples  which  prove  that 
such  a  distinction  ought  to  be  made,  especially  in 
tJie  case  of  large  instruments.  For  example,  the 
small  star,  or  speck  of  light  whicli  accompanies 
the  pole-star,  may  be  seen  through  a  telescope  of 
large  aperture  with  a  smaller  magnifying  power 
than  with  a  telescope  of  a  small  aperture  furnished 
with  a  much  higher  power.  If  the  magnifying 
power  is  sufficient  to  show  the  small  star  com- 
pletely separated  from  the  rays  which  surround 
the  large  one,  this  is  sufficient,  in  one  point  of 
view;  l)Ut,  in  order  that  this  effect  may  be  pro- 
duced, so  as  to  render  the  small  star  perfectly 
distinguishable,  a  certain  quantity  of  ligl:t  must 
be  admitted  into  the  pupil  of  tlie  eye,  which 
quantity  depends  upon  the  area  of  the  object-glass 
or  speculum  of  the  instrument,  or,  in  other  words, 
on  the  illuminating  power.  If  we  compare  a  tele- 
scope of  2-?^ihs  inches  aperture  with  one  of  five 
inches  aperture,  when  the  magnifying  power  of 
each  does  not  exceed  50  times  for  terrestrial  ob- 
jects, the  effect  of  illuminating  povi^er  is  not  so 
evident;  but  if  we  use  a  power  of  100  for  day 
objects,  and  180  for  the  heavenly  bodies,  the 
effects  of  illuminating  power  is  so  clearly  percep- 
tible, that  objects  not  only  appear  brighter  and 
more  clearly  visible  in  the  larger  telescope,  but 
with  the  same  magnifying  power  they  also  appear 
larger,  particularly  when  the  satellites  of  Jupiter 
and  small  stars  are  the  objects  we  are  viewing. 

Sir  W.  Ilerschel  remarks,  that  "  objects  are 
viewed  in  their  greatest  perfection  when,  in  pene- 
trating spacBj  the  magnifying  power  is  so  low  as 
only  to  be  sufficient  to  show  the  object  well,  and 
when,  in  magnifying  objects,  by  way  of  examin- 
ing them  minutely,  the  space-penetrating  power  is 
no  higher  than  what  will  suffice  for  the  purpose; 
for  in  the  use  of  either  power,  the  injudicious 
overcharge  of  the  other  will  prove  hurtful  to  vi- 
rion." When  illuminating  power  is  in  too  high 
a  degree,  the  eye  is  offended  by  the  extreme  bright- 
ness of  the  object;  when  it  is  in  too  low  a  de- 
gree, the  eye  is  distressed  by  its  endeavors  to  see 
what  is  beyond  its  reach;  and  therefore  it  is  de- 
sirable, whi'n  we  wish  to  give  the  eye  all  the  as- 
sistance  possible,  to    have  ti)e   illuminating   and 
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the  magnifying  powers  in  due  proportion.  What 
this  proportion  is,  depends,  in  a  certain  degree, 
upon  the  brightness  of  the  object.  In  proportion 
to  its  brightness  or  luminosity,  the  magnifying 
power  may,  to  a  certain  extent,  be  increased.  Sir 
W.  Herschel  remarks  in  reference  to  a.  Lyra?, 
"  This  star,  I  surmise,  has  light  enough  to  bear 
being  magnified  at  least  a  hundred  thousand  times, 
with  no  more  tliansix  inches  of  aperture."  How- 
ever beautifully  perfect  a»j'  telescopes  may  appe.ir, 
and  however  siiarp  their  defining  power,  their  per- 

Fia.  82. 


formance  is  limited  by  their  illuminating  powers, 
which  are  as  the  squares  of  the  diameters  of  tht> 
apertures  of  the  respective  instruments.  Thus  a  te- 
lescope whose  object-gla53  is  four  inches  diameter 
will  have  four  times  times  the  quantity  of  light,  or 
illuminating  pov/er,  possessed  by  a  telescope  whose 
aperture  is  only  two  inches,  or'  in  the  proportion 
of  16  to  4;  t!ie  square  of  4  being  16,  and  the 
square  of  2  being  4. 

The  nature  of  the  space-penetrating;  power  to 
which  we  are  adverting,  and  the  distinction  be- 
tween it  and  magnifying  power,  may  be  illustrat- 
ed from  a  few  examples  taken  from  Sir  W.  Her- 
schel's  observations. 

The  first  observation  which  I  shall  notice  refers 
to  the  nebula  between  x  audi^  Ophiuchi,  discovered 
by  Messier  in  1764.  The  observation  was  made 
with  a  ten  feet  reflector,  having  a  magnifying 
power  of  250,  and  a  space-penetrating  power  of 
28.67.  His  note  is  dated  May  3, 1783.  "  I  see  seve- 
ral stars  in  it,  and  make  no  doubt  a  higher  power 
and  more  light  will  resolve  it  all  into  stars.  This 
seems  to  me  a  good  nebula  for  the  purpose  of  es- 
tablishing the  connection  between  nebula  and 
clusters  of  stars  in  general."  "  June  18,  1784. 
The  same  nebula  viewed  with  a  Newtonian  twen- 
ty feet  reflector;  penetrating  power  61,  and  a  mag- 
nifying power  of  157;  a  very  large  and  a  very 
bright  cluster  of  excessively  compressed  stars. 
The  stars  are  but  just  visible,  and  are  of  unequal 
magnitudes.  The  large  stars  are  red;  the  cluster 
is  a  miniature  of  that  near  Flamstead's  forty- 
second  ComED  Berenices.  Right  ascension,  17h. 
6m.  32s.  Polar  distance,  108°  18"."  In  this  case, 
a  penetrating  power  of  about  28,  with  a  magnify- 
ing power  of  250,  barely  showed  a  few  stars; 
while  in  the  second  instrument  the  illuminating 
power  of  60,  with  the  magnifying  pov.^er  of  only 
157,  showed  them  completely. 

Subsequently  to  the  date  of  the  latter  observa- 
tion, the  twenty  feet  Newtonian  telescope  was 
converted  into  an  Herschelian  instrument  by  tak- 
ing away  th.e  small  speculum, and  givingthe  large 
one  the  proper  inclination  for  obtaining  the  front 
view;  by  which  alteration  the  illuminating  power 
was  increased  from  Gl  to  75,  and  the  advantagev 


108 


THE  PRACTICAL  ASTRONOMER. 


derived  from  the  alteration  was  evident  in  the  dis- 
covery of  the  satellites  of  Uranus  by  tlie  altered  te- 
lescope, which  before  was  incompetent  in  the  point 
of  penetration,  or  illuminating  power.  "March 
14,  171)8,1  viewed  the  Georgian  planet  (or  Ura- 
nus) with  a  new  twenty-live  feet  rellector.  lis 
penetrating  power  is  95.ti5,  and  having  just  before 
also  viewed  it  with  my  twenty  feet  instrument,  I 
found  that  with  an  equal  magnifying  power  of 
300,  the  twenty-five  feet  telescope  had  considerably 
the  advantage  of  tiie  former."  The  aperture  of 
the  twenty  feet  instrument  was  18.8  inches,  and 
that  of  tlie  twenty-five  feet  telescope  24  inches, 
so  tliat  the  superior  effect  of  the  leltter  instrument 
must  have  been  owing  to  its  greater  illuminating 
power.  The  following  observations  show  the  su- 
perior power  of  the  forty  feet  telescope,  as  com- 
pared with  the  twenty  feet.  "  Feb.  24,  I7c6,  I 
viewed  the  nebula  near  Flamstead's  fifth  Serpentis 
with  my  twenty^feet  reflector,  magnifying  power 
157.  The  most  beautiful,  extremely  compressed 
cluster  of  small  stars,  the  greatest  part  of  thein 
gathered  together  into  one  brilliant  nucleus,  evi- 
dently consisting  of  stars,  surrounded  with  many 
detached  gathering  stars  of  the  same  size  and  co- 
lor. R.  A.,  15h.  7m.  12s.  P.  D.  87°  8"."  «  May  27, 
1791,  I  viewed  the  same  object  with  my  forty  feet 
telescope,  penetrating  power  191.69,  magnifyino- 
power  370.  A  beautiful  cluster  of  stars.  I  counted 
about  200  of  them.  "The  middle  of  it  is  so  com- 
pressed that  it  is  impossible  to  distinguish  the  stars." 
"  Nov.  5, 1791, 1  viewed  Saturn  witii  the  twenty 
and  forty  feet  telescopes.  Twenty  feet. — The  fiftli 
satellite  of  Saturn  is  very  small.  The  first,  second, 
third,  fourth  and  fifth,  and  the  new  sixth  satellites 
are  in  their  calculated  places.  Forty  feet. — I  see 
the  new  sixtli  satellite  much  better  than  with  the 
twenty  feet.  The  fifth  is  also  much  larger  here 
than  in  the  twenty  feet,  in  which  it  was  nearly  the 
same  size  as  a  small  fixed  star,  but  here  it  is  con- 
siderably larger  than  that  star." 

These  examples,  and  many  others  of  a  similar 
kind,  explain  sufficiently  the  nature  and  extent  of 
that  species  of  power  that  one  telescope  possesses 
over  another,  in  consequence  of  its  enlarged  aper- 
ture; but  the  exact  quantity  of  this  power  is  in 
some  degree  uncertain.  To  ascertain  practically 
the  illuminating  power  of  telescopes,  we  jnust  try 
them  with  equal  powers  on  such  objects  as  the 
following:  the  small  stars  near  the  pole-star,  and 
near  Rigel  and  f  Bootis;  the  division  in  the  ring  of 
Saturn;  and  distant  objects  in  the  twilight  or  to- 
ward the  evening.  These  objects  are  distinctly 
seen  with  a  five  feet  achromatic  of  3  8-lOths  in- 
ches aperture,  and  an  illuminating  power  of  144, 
while  they  are. scarcely  visible  in  a  S}^  fee^vvith 
an  aperture  of  2^ths  inches,  and  an  illuminating 
power  of  72,  supposing  the  same  magnifying 
power  to  be  applied.  The  illuminating  power  of  a 
telescope  is  best  estimated,  in  regard  to  land  ob- 
jects, when  it  is  tried  on  minute  objects,  and  such 
as  are  badly  lighted  up;  and  the  advantage  of  a 
telescope  with  a  large  aperture  will  be  most  obvi- 
ous when  it  is  compared  with  another  of  inferior 
size  in  the  close  of  the  evening,  when  looking  at 
a  printed  bill  composed  of  letters  of  various  sizes. 
As  darkness  comes  on,  the  use  of  illuminating 
power  becomes  more  evident.  In  a  five  feet  tele- 
scope some  small  letters  will  be  legible  which  are 
hardly  discernible  in  the  3i^  feet,  and  in  the  2H 
feet  are  quite  undefinablw,  though  the  magnifying 
powers  be  equal.  Sir  W.  Herschel  informs  us 
that,  in  the  year  1776,  when  he  had  erected  atele- 
Bcope  of  twenty  feet  focal  lenetli  of  the  Newtoni- 
an construct iun,  one  of  its  erFects  by  trial  was, 
that  when,  toward  evening,  on  account  of  darkness, 


the  natural  eye  could  not  penetrate  far  into  space, 
the  telescope  possesssed  that  power  sufficiently  to 
show,  by  the  dial  of  a  distant  church  steeple,  what 
o'clock  it  was,  notwithstanding  the  naked  eye 
could  no  longer  see  the  steeple  it.self. 

In  order  to  convey  an  idea  of  the  numbers  by 
which  the  degree  of  space-penetrating  power  ia 
expressed,  and  the  general  grounds  on  which  they 
rest,  the  following  statements  may  be  made.  The 
depth  to  which  the  naked  eye  can  penetrate  into 
the  spaces  of  the  heavens  is  considered  as  extend- 
ing to  the  twelfth  order  of  distances;  in  other 
words,  it  can  perceive  a  star  at  a  distance  twelve 
times  farther  than  those  luminaries,  such  asSirius, 
Arcturus,  or  Capella,  which,  from  their  vivid  light, 
we  presume  to  be  nearest  to  us.  It  has  been  stat 
ed  above  that  Herschel  calculated  his  ten  feet  te- 
lescope to  have  a  space-penetrating  power  of  28.67, 
that  is,  it  could  enable  us  to  descry  a  star  28  times 
farther  distant  than  the  naked  eye  can  reach.  His 
twenty  feet  Newtonian  was  considered  as  having 
a  similar  power  of  61;  his  25  feet,  neai'ly  96;  and 
his  forty  feet  instrument,  a  power  of  191.69.  If 
each  of  these  numbers  bo  multiplied  by  12,  the 
product  will  indicate  how  much  farther  these  tele- 
scopes will  penetrate  into  space  than  the  nearest 
range  of  the  fixed  stars,  such  as  those  of  the  first 
magnitude.  For  instance, the  penetrating  power 
of  the  forty  feet  refiectbr  being  191.69,  tliis  num- 
ber, multiplied  by  12,  gives  a  product  of  2300, 
which  shows  that,  were  there  a  series  of  two  thou- 
sand three  hundred  stars  extended  in  a  line  beyond 
Saius,  Capella,  and  similar  stars,  each  star  sepa- 
rated from  the  one  beyond  it  by  a  space  equal  to 
tlie  distance  of  Sirius  from  the  earth,  they  might 
be  all  seen  througii  the  forty-feet  telescope  In 
short,  the  penetrating  power  of  telescopes  is  a  cir- 
cumstance which  requires  to  be  particularly  at- 
tended to  in  our  observations  of  celestial  pheno- 
mena, and  in  many  cases  is  of  more  importance 
than  magnijyinq  power.  It  is  the  effect  produced 
by  illuminating  power  that  renders  telescopes,  fur- 
nished with  comparatively  small  magnifying  pow- 
ers, much  more  efficient  in  observing  comets,  and 
certain  nebulae  and  clusters  of  stars,  than  when 
high  powers  are  attempted.  Everj'  telescope  may 
be  so  adjusted  as  to  prodnce  different  space-pene- 
trating powers.  If  we  wish  to  diminish  such  a 
power,  we  have  only  to  contract  the  object-gleiss 
or  speculum  by  placing  circular  rims,  or  apertures 
of  different  degrees  of  breadth,  across  the  mouth 
of  the  great  tube  of  the  instrument.  But  we  can- 
not increase  this  illuminating  power  beyond  a 
certain  extent,  which  is  limited  by  the  diameter 
of  the  object-glass.  When  we  wish  illnmiualiug 
power  beyond  this  limit,  we  must  be  furnished 
with  an  object-glass  or  speculum  of  a  larger  size; 
and  hence  the  rapid  advance  in  price  of  instru- 
ments which  have  large  apertures,  and  consequent- 
ly high  illuminating  powers.  Mr.  Tulley's  S}.^ 
feet  achromatics  of  2^:^ths  inches  aperture  sell  at 
£26  5s.;  when  the  aperture  is  'Sl'^th  inches,  the 
price  is  £42;  when  S^^inches,  £68  5s.  The  fol- 
lowing table  contains  a  statement  of  the  "  compa- 
rative lengths,  apertures,  illuminating  powers,  and 
prices  of  achromatic  refractors  and  Gregorian  re- 
flectors," according  to  Dr.  Kitchener: 

The  illuminating  powers  stated  in  the  following 
table  are  only  comparative.  Fixing  on  the  number 
25  as  the  illuminating  power  of  a  two  feet  tele- 
scope, 1  6-lOths  of  an  inch  aperture,  that  of  a  213 
feet,  two  inches  aperture,  will  be  40;  of  a  five  feet, 
3  8-lOths  inches  aperture,  144,  &,c.  If  the  illumi- 
mting  powr-r  of  a  Gvrgorian  I'o  font,  and  three 
inches  npe.-!nre,be  90,  a  five  fee-t,  with  nine  inchci 
aperture,  will  be  810,  &c. 
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'~                            ACHROMATIC     REFRACTORS.                               ] 

GREGORIAN,    ETC.,    REFLECTORS.                          ] 

LengthancI  name 

they  are  known 

by. 

Diameter     of   Illuminating 
aperture.      1       power. 

\ 

Price. 

Length  and  name 

they  are  kuowa 

by. 

Diameter   of 
aperture. 

liluminating 
power. 

Price. 

Feet. 

2 

3>2 

5 

7 
7 

In.     Th. 

1.  6 
2 

2.  7 

3.  8 

5 

6 

25 

40 

72 

144 

250 
360 

L.     s. 
4    4 
12  12 
21  to 
42 

105  to 
1.50 

250         1 
360         ' 

Feet. 

1 

^« 

3 

4 

7  Newtonian 

5  Gregorian 

lO  Newtonian 

In.     Th. 
2.      5 

3 

4.  5 

5.  5 

7 

7 

9 

10 

62 
90 

202 
3G2 
490 
490 
810 
1000 

L    s. 

7     7 
12  12 
20 
50 

105 

126 

200 

315 

*  6.  On  choosing  Telescopes,  and  ascertaining  their 
Properties. — It  is  an  object  of  considerable  im- 
portance to  every  astronomical  observer  that  he 
ehoulil  be  enabled  to  form  a  judgment  of  tlie  qua- 
lities of  his  telescope,  and  of  any  instruments  of 
this  description  which  he  may  intend  to  purchase. 
The  following  directions  may  perhaps  be  useful 
to  the  reader  in  directing  him  in  the  choice  of  an 
aehr6matic  refracting  telescope : 

Supposing  that  an  achromatic  telescope  of  3^2 
feet  focal  length  and  3J:£fh  incites  aperture  were 
offered  for  sale,  and  that  it  were  required  to  as- 
certain whether  th^  object-glass,  on  which  its  ex- 
cellence chiefly  depends,  is  a  good  one,  and  duly 
adjusted,  some  opinion  may  be  formed  by  laying 
the  tube  of  the  telescope  in  a  horizontal  position, 
on  a  firm  support,  about  the  hight  of  the  eye,  and 
by  placing  a  printed  card  or  a  watch-glass  verti- 
cally, but  in  an  inverted  position,  against  some 
wall  or  pillar  at  40  or  50  yards  distant,  so  as  to  be 
exposed  to  a  clear  sky.  When  the  tele.scope  is 
directed  to  this  object,  and  accurately  adjusted  to 
the  eye,  should  the  letters  on  the  card,  or  the 
strokes  and'  dots  on  the  watch  glass,  appear  clearly 
and  sharply  defined,  without  any  mistiness  or  co- 
loration, and  if  very  small  spots  appear  well-de- 
fined, great  hopes  may  be  entertained  that  the 
glass  will  turn  out  a  good  one.  But  a  telescope 
may  appear  a  good  one,  when  viewing  common 
terrestrial  objects,  to  eyes  unaccustomed  to  dis- 
crimmate  deviations  from  perfect  vision,  while  it 
may  turn  out  to  be  an  indilFerent  one  when  di- 
rected to  certain  celestial  objects.  Instead,  there- 
fore, of  a  printed  card,  fix  a  black  board,  or  one- 
half  of  a  sheet  of  black  paper,  in  a  vertical  po- 
sition at  the  same  distance,  and  a  circular  disc  of 
white  writing  paper,  about  one-fourth  of  an  inch 
in  diameter,  on  the  center  of  the  black  ground; 
then,  having  directed  the  telescope  to  this  object, 
and  adjusted  for  the  place  of  distinct  vision,  mark 
with  a  black-lead  pencil  the  sliding  eyetube  at  the 
end  of  the  main  tube,  so  that  this  position  can 
always  be  known;  and  if  this  sliding  tube  be 
gradually  drawn  out  or  pushed  in  while  the  eye 
beholds  the  disc,  it  will  gradually  enlarge  and  lose 
its  color  until  its  edges  cease  to  be  well-defined. 
Now  if  the  enlarged  misty  circle  is  observed  to  be 
concentric  with  the  disc  itself,  the  object-glass  is 
properly  centered,  as  it  has  reference  to  the  tube; 
but  if  the  misty  circle  goes  to  one  side  of  the 
disc,  the  cell  of  the  object-glass  is  not  at  right  an- 
gles to  the  tube,  and  must  have  its  screws  re- 
moved and  its  holes  elongated  by  a  rat-tailed  file 
small  enough  to  enter  the  holes.  When  this  has 
been  done,  the  cell  may  be  replaced,  and  the  disc 
examined  a  second  time,  and  a  slight  stroke  on 
one  edge  of  the  cell  by  a  wooden  mallet  will  show 
by  the  alteration  made  in  the  position  of  the  mif^ty 
portion  of  the  disc  liow  tlie  adjustment  Is  to  be 
cfTected,  which  is  known  to  be  right  when  a  nio- 
tCoii  in  the  sliding  lube  will  make  the  diluted  disc 


enlarge  in  a  circle  concentric  with  the  disc  itself 
When  the  disc  will  enlarge  so  as  to  make  a  ring 
of  diluted  white  light  round  its  circumference,  as 
the  sliding  tube  holding  the  eyepiece  is  pushed  in 
or  drawn  out,  the  cell  may  be  finally  fixed  by  tha 
screws  passing  through  its  elongated  holes. 

When  the  object-glass  is  thus  adjusted,  it  may 
then  be  ascertained  whether  the  curves  of  the  re- 
spective, lenses  composing  the  object-glass  are 
well  formed,  and  suitable  for  each  other.  If  a 
small  motion  of  the  sli;ling  tuoe  of  about  1-lOth 
of  an  inch  in  a  3}^^  feet  telescope  from  the  point 
of  distinct  vision  will  dilute  the  light  of  the  disc 
and  render  the  appearance  confused,  the  figure  of 
the  object-glass  is  good,  particularly  if  the  same 
efliect  will  take  place  at  equal  distances  from  the 
point  of  distinct  vision  when  the  tube  is  alter- 
nately drawn  out  and  pushed  in.  A  telescope 
that  will  admit  of  much  motion  in  the  sliding 
tube,  without  sensibly  affecting  the  distinctness  of 
vision  will  not  define  an  object  well  at  any  point 
of  adjustment,  and  must  be  considered  as  having 
an  imperfect  object-glass,  inasmuch  as  the  spheri- 
cal aberration  of  the  transmitted  rays  is  not  duly 
corrected.  The  due  adjustment  of  the  convex 
lens  or  lenses  to  the  concave  one  will  be  judged  of 
by  the  absence  of  coloration  round  the  enlarged 
disc,  and  is  a  property  distinct  from  the  spherical 
aberration;  the  achromatism  depending  on  the  re- 
lative focal  distances  of  the  convex  and  concave 
lenses  is  regulated  by  the  relative  dispersive  powera 
of  the  pieces  of  glass  made  use  of,  but  the  dis- 
tinctness of  vision  depends  on  a  good  figure  of 
the  computed  curves  that  limit  the  focal  distances. 
When  an  object-glass  is  free  from  imperfection  in 
both  these  respects,  it  may  be  called  a  good  glass 
for  terrestrial  purposes. 

It  still,  however,  remains  to  be  determined  how 
far  such  an  object-glass  may  be  good  for  viewing 
a  star  or  a  planet,  and  can  only  be  known  by  ac- 
tual observations  on  the  heavenly  bodies.  When 
a  good  telescope  is  directed  to  the  moon  or  to  Ju- 
piter, the  achromatism  may  be  judged  of  by  alter- 
nately pushing  in  and  drawing  out  the  eyepiece 
from  the  place  of  distinct  vision.  In  the  former 
case,  a  ring  of  purple  will  be  formed  round  tho 
,edge;  and  in  the  latter,  a  ring  of  light  green, 
which  is  the  central  color  of  the  prismatic  spec- 
trum; for  these  appearances  show  that  the  ex- 
treme colors,  red  and  violet,  are  corrected.  Again, 
if  one  part  of  a  lens  employed  have  a  different 
refractive  power  from  another  part  of  it,  that  is, 
if  the  flint-glass  particularly  is  not  homogeneous, 
a  star  of  the  first  and  even  of  the  second  magni- 
tude will  point  out  the  natural  defect  by  tlie  ex- 
hibition of  an  irradiation,  or  what  is  called  a  wing, 
at  one  side,  which  no  perfection  of  figure  or  of 
adjustment  will  banish,  and  the  greater  the  aper- 
ture, the  more  liable  is  the  evil  to  li:ippeu  :  hence 
caps  with  different  apertures  are  usually  supplied 
with  large  telescopes,  that  the  extreme  parts  of 
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the  glass  may  be  cut  off  in  observations  requiring 
a  round  and  well-defined  image  of  tlie  body  ob- 
served. 

Another  method  of  determining  the  figure  and 
quality  of  an  object-glass  is  by  first  covering  its 
center  by  a  circular  piece  of  paper,  as  much  as 
one-half  of  its  diameter,  and  adjusting  it  for  dis- 
tinct vision  of  a  given  object,  such  as  the  disc 
above-mentioned,  when  the  central  rays  are  inter- 
cepted, and  then  trying  if  the  focal  length  remains 
unaltered  when  the  paper  is  taken  away  and  an 
aperture  of  the  same  ske  applit-d,  so  that  the  ex- 
treme rays  may  in  theii  turn  be  cut  off.  If  the 
vision  remains  equally  distinct  in  both  cases,  with- 
out any  new  adjustment  for  focal  distance,  the 
figure  is  good,  and  the  spherical  aberration  cured, 
and  it  may  be  seen  by  viewing  a  star  of  the  first 
magnitude  successively  in  both  cases,  whether  the 
irradiation  is  produced  more  by  the  extreme  or  by 
the  central  parts  of  the  glass;  or,  in  case  the  one- 
lialf  be  faulty  and  the  other  good,  a  semicircular 
aperture,  by  being  turned  gradually  round  in  trial, 
will  detect  what  semicircle  contains  the  defective 
portion  of  the  glass;  and  if  such  portion  should 
be  covered,  the  only  inconvenience  that  would 
ensue  would  be  the  loss  of  so  much  light  as  is  thus 
excluded.  When  an  object-glass  produces  radia- 
tions in  a  large  star,  it  is  unfit  for  the  nicer  ob- 
servations of  astronomy,  such  as  viewing  double 
star.s  of  the  first  class.  The  smaller  a  large  star 
appears  in  any  telescope,  the  better  is  the  figure 
of  the  object-glass;  but  if  the  image  of  the  star 
be  free  from  wings,  the  size  of  its  disc  is  not  an 
objection  in  practical  observations.* 

Some  opticians  are  in  the  habit  of  inserting  a 
diaphragm  into  the  body  of  the  large  tube,  to  cut 
off  the  extreme  rays  coming  from  the  object-glass 
when  the  figure  is  not  good,  instead  of  lessening 
the  aperture  by  a  cap.  When  this  is  the  case,  a 
deficiency  of  light  will  be  the  consequence  be- 
yond what  the  apparent  aperture  warrants.  It  is 
therefore  proper  to  examine  that  the  diaphragm 
be  not  placed  too  near  the  object-glass,  so  as  to 
intercept  an}'  of  the  useful  rays.  Sometimes  a 
portion  of  the  object-glass  is  cut  off  by  the  stop 
in  the  eyelube.  To  ascertain  this,  adjust  the  tele- 
scope to  distinct  vision,  then  take  out  the  eye- 
glasses, and  put  your  finger  on  some  other  object 
on  the  edge  of  the  outside  of  the  object-glass,  and 
look  down  the  tube;  if  you  can  see  the  top  of 
your  finger,  or  any  object  in  its  place,  just  peep- 
ing over  the  edge  of  the  object-glass,  no  part  is 
cut  off.  I  once  had  a  S^o  feet  telescope  vi^hose  ob- 
ject-glass measured  three  inches  in  diameter,  which 
was  neither  so  bright,  nor  did  it  perform  in  other 
respects  nearly  so  well  as  another  of  the  same 
length  whose  object-glass  was  only  S^^ths  inches 
in  diameter;  but  I  found  that  a  diaphragm  was 
placed  about  a  foot  within  the  end  of  the  large 
tube,  which  reduced  the  aperture  of  the  object- 
glass  to  less  than  2}4  inches,  and  when  it  was  re- 
moved the  telescope  was  less  distinct  than  before. 
The  powers  given  along  with  this  instrument 
were  much  lower  than  usual,  none  of  them  ex- 
ceeding 100  times.  This  is  a  trick  not  uncom- 
mon with  some  opticians. 

Dr.  Pearson  mentions  that  an  old  Dollond's  tele- 
scope of  63  inches  focal  length  and  S^^tiis  inches 
aperture,  supposed  to  be  an  excellent  one,  was 
brought  to  Mr.  Tulley  when  he  was  present,  and 
the  result  of  the  examlnatioji  was  that  its  achro- 
matism was  not  perfect.  The  imperfection  was 
thus  determined    by  experiment.     A   small  glass 


*  The  above  directions  and  remarks  are  abridged  with 
«ome  alterations  iVom  Dr.  Pearsoa's  "  Introduction  to  Prac- 
uoal  Astronomy,"  vol.  ii. 


globe  was  placed  at  forty  yards'  distance  from  the 
object-end  of  the  tele.=cope  when  the  sun  was 
shining,  and  the  sjieck  of  light  seen  reflected  from 
this  globe  formed  a  good  substitute  for  a  large 
star,  as  an  object  to  be  viewed.  When  the  focal 
length  of  the  object-glass  was  adjusted  to  this  lu- 
minous object,  no  jutlgment  could  be  formed  of 
its  prismatic  aberrations  until  the  eyepiece  had 
been  pushed  in  beyond  the  ])lace  of  correct  vision; 
but  when  the  telescope  was  shortened  a  little,  the 
luminous  disc  occasioned  by  such  shortening  was 
strongly  tinged  with  retZ  rays  at  its  circumference. 
On  the  contrary,  when  the  eyepiece  was  drawn 
out  so  as  to  lengthen  the  telescope  too  much,  tha 
disc  thus  produced  was  tinged  with  a  stn:ill  circle 
of  red  at  its  center,  thereby  denoting  that  the  con 
vex  lens  had  too  short  a  focal  lengtii;  and  Mr. 
Tulley  observed,  that  if  one  or  both  of  the  curves 
of  the  convex  lens  were  flattened  until  the  total 
focal  length  should  be  about  four  inches  increased, 
it  would  render  the  telescope  quite  achromatic, 
provided  in  doing  this  the  aberration  should  not 
be  increased. 

The  following  general  remarks  may  be  added: 
1.  To  make  anything  like  an  accurate  compari- 
son of  telescopes,  they  must  be  tried  not  only  at 
the  same  place,  but  as  nearly  as  possible  at  the 
same  time,  and,  if  the  instruments  are  of  the  same 
lefngth  and  construction,  if  possible,  with  the  same 
eyepiece.  2.  A  difference  of  eight  or  ten  times 
in  the  inagnifying  power  will  sometimes,  on  cer- 
tain objects,  give  quite  a  different  character  to  a 
telescope.  It  has  been  found  by  various  experi- 
ments that  object-glasses  of  two  or  three  inches 
longer  focus  will  produce  different  vision  with 
the  same  ej'epiece.  3.  Care  must  be  taken  to 
ascertain  that  the  eyeglasses  are  perfectly  clean 
and  free  from  defects.  The  defects  of  glass  are 
either  from  veins,  specks,  scratches,  color,  or  an 
incorrect  figure.  To  discover  veins  in  an  eye  or 
an  object-glass,  place  a  candle  at  the  distance  of 
four  or  five  yards;  then  look  through  the  glass, 
and  move  it  from  your  eye  until  it  appear  full  of 
light;  you  will  then  see  every  vein,  or  other  im- 
perfection in  it,  which  may  distort  the  objects  and 
render  vision  imperfect.  Specks  or  scratches, 
especially  in  object-glasses,  are  not  so  injurious 
as  veins,  for  they  do  not  distort  the  object,  but 
only  intercept  a  portion  of  the  light.  4.  We  can- 
not judge  accurately  of  the  excellence  of  any 
telescope  by  observing  objects  with  which  we  are 
not  familiarly  acquainted.  Opticians  generally 
try  an  instrument  at  their  own  marks,  such  as 
the  dial-plate  of  a  watch,  a  finely  engraved  card, 
a  weathercock,  or  the  moon  and  the  planet  Jupi- 
ter, when  near  the  meridian.  Of  several  telescopes 
of  the  same  length,  aperture,  and  magnifying 
power,  that  one  is  generally  considered  the  best 
with  which  we  can  read  a  given  print  at  the 
greatest  distance,  especially  if  the  print  consists 
of  figures,  such  as  a  table  of  logarithms,  where 
the  eye  is  not  apt  to  be  deceived  by  the  imagina- 
tion in  guessing  at  the  sense  of  a  passage  when 
two  or  three  words  are  distinguished. 

There  is  a  circumstance  wliich  I  have  fre- 
quently noticed  in  reference  to  achromatic  tele- 
scopes, particularly  those  of  a  small  size,  and 
which  I  have  never  seen  noticed  by  any  optical 
writer.  It  is  this:  if  the  telescope,  when  we  are 
viewing  objects,  be  gradually  turned  round  lis  axis, 
there  is  a  certain  position  in  which  the  objects 
will  appear  distinct  and  accurately  defined;  and 
if  it  be  turned  round  exactly  a  semicircle  from 
this  point,  the  same  degree  of  distinctness  is  i)er- 
ceived,  but  in  all  other  positions  there  is  an  evi- 
dent want  of  clearness  and  defining  power.    This 
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It  find  to  be  the  case  in  more  than  ten  one-foot 
and  two-feet  telescopes  now  in  my  possession, 
and  therefore  I  have  put  marks  upon  the  object- 
end  of  each  of  them  to  indicate  tlie  positions  in 
which  they  siiould  be  used  for  distinct  observa- 
tion. Tiiis  -is  a  circumstance  which  requires,  in 
many  cases,  to  be  attended  to  in  the  choice  and 
the  use  of  telescopical  instruments,  and  in  fixinff 
and  adjusting  them  on  their  pedestals.  In  some 
telescopes  this  defect  is  very  striking,  but  it  is  in 
some  measure  perceptible  in  the  gieat  majority 
of  instruments  which  I  have  had  occasion  to  in- 
spect. Even  in  large  and  expensive  achromatic 
telescopes  this  defect  is  sometimes  observable.  I 
have  an  achromatic  whose  object-glass  is  41-lOth 
inches  in  diameter,  which  was  niuch  improved  in 
.  its  defining  power  by  being  unscrewed  from  its 

original  .position,  or  turned  round  its  axis  about 
one-eighth  part  of  its  circumference.  This  de- 
fect is  best  detected  by  looking  at  a  large  printed 
bill,  or  a  signpost  at  a  distance,  when  on  turning 
round  the  telescope  or  object-glass,  tlie  letters  will 
appear  much  better  defined  in  one  position  than 
in  another.  The  position  in  whicli  the  object 
appears  least  distinct  is  when  the  upper  part  of 
the  telescope  is  a  quadrant  of  a  circle  different 
from  the  two  positions  above  stated,  or  at  an  equal 
distance  from  each  of  them. 

7.  On  the  mode  of  determining  the  magnifying 
power  of  Telescopes. — In  regard  to  refracting  tele- 
scopes, we  have  already  shown  that,  when  a  single 
eyeglass  is  used,  the  magnifying  power  may  be 
found  by  dividing  the  focal  distance  of  the  object- 
glass  by  that  of  the  eyeglass;  but  when  a  Huyge- 
nian  eyepiece,  or  a  four-glass  terrestrial  eyepiece, 
euch  as  is  now  common  in  achromatic  telescopes, 
is  used,  the  magnifying  power  cannot  be  ascer- 
tained in  this  manner;  and  in  some  of  the  delicate 
observations  of  practical  astronomy,  it  is  of  the 
Utmost  importance  to  know  the  exact  magnifying 
power  of  the  instrument  with  which  the  observa- 
tions are  made,  particularly  when  micrometrical 
measurements  are  employed  to  obtain  the  desired 
results.  The  following  is  a  general  method  of 
finding  the  magnifying  powers  of  telescopes  when 
the  instrument  called  a  dynametcr  is  not  employed, 
and  it  answers  for  refracting  and  reflecting  tele- 
scopes of  every  description. 

Having  put  up  a  small  circle  of  paper  an  inch 
or  two  in  diameter  at  the  distance  of  about  100 
yards,  draw  upon  a  card  two  black  parallel  lines, 
whose  distance  from  each  other  is  equal  to  the  dia- 
meter of  the  paper  circle;  then  view  through  the 
telescope  the  paper  circle  with  one  eye,  and  the 
parallel  lines  with  the  other,  and  let  the  parallel 
lines  be  moved  nearer  to  or  farther  from  the  eye, 
until  they  seem  exactly  to  cover  the  small  circle 
viewed  through  the  telescope;  the  quotient  obtain- 
ed by  dividing  the  distance  of  t^ie  paper  circle  by  the 
distance  of  the  parallel  lines  from  the  eye  will  be  the 
magnifying  power  of  the  telescope.  It  requires  a 
little  pracUce  before  this  experiment  can  be  per- 
formcil  with  accuracy.  The  one  eye  must  be  accus- 
tomed to  look  at  an  object  near  at  hand,  while  the 
other  is  looking  at  a  njore  distant  object  througii 
the  telescope.  Both  eyes  must  be  open  at  the  same 
time,  and  the  image  of  the  object  seen  through  the 
telescope  must  be  brought  into  apparent  contact 
with  the  real  object  near  at  hand.  But  a  little  prac- 
tice will  soon  enable  any  observer  to  perform  the 
experiment  with  ease  and  correctness,  if  the  tele- 
I  scope  be  mounted  on  a  firm  stand,  and  its  eleva- 
tion or  depression  produced  by  rack-work. 

The  following  is  another  method  founded  on 
tlie  same  principle:  Measure  the  space  occupied 
by  a  number  of  the  courses,  or  rows  of  bricks  in 


a  modern  building,  which,  upon  an  average,  is 
found  to  have  eight  courses  in  two  feet,  so  that 
each  course  or  row  is  three  inches.  Then  cut  a 
piece  of  paper  three  inches  in  hight,  and  of  the 
length  of  a  brick,  which  is  about  nine  inches,  so 
that  it  may  represent  a  brick,  and  fixing  the  paper 
against  the  brick  wall,  place  the  telescope  to  be 
examined  at  the  distance  of  about  80  or  100  yards 
from  it.  Now,  looking  through  the  telescope  at 
the  paper  with  one  eye,  and  at  the  same  time, 
with  the  otlier  eye,  looking  past  the  telescope, 
observe  what  extent  of  wall  the  magnified  image 
of  tlie  paper  appears  to  cover;  then  count  the 
courses  of  bricks  in  that  extent  and  it  will  give 
the  magnifying  power  of  the  telescope.  It  is  to 
be  observed,  however,  that  the  magnifying  pcftver 
determined  in  this  way  will  be  a  fraction  greater 
than  for  very  distant  objects,  as  the  focal  distance 
of  the  telescope  is  necessarily  lengthened  in  order 
to  obtain  distinct  vision  of  near  objects. 

In  comparing  the  magnifying  powers  of  two 
telescopes,  or  of  the  same  telescope  when  different 
magnifying  powers  are  employed,  I  generally  use 
the  following  simple  method.  The  telescopes  are 
placed  at  eiglit  or  ten  feet  distance  from  a  window, 
with  their  eye-ends  parallel  to  each  other,  or  at 
the  same  distance  from  tlie  window.  Looking  at 
a  distant  object,  I  fix  upon  a  portion  of  it  whose 
magnified  image  will  appear  to  fill  exactly  two  or 
three  panes  of  the  window;  then,  putting  on  a 
different  power,  or  looking  through  another  tele- 
scope, I  observe  the  same  object,  and  mark  exact- 
ly the  extent  of  its  image  on  the  window-panes, 
and  compare  the  extent  of  the  one  image  with 
the  other.  Suppose,  for  example,  that  the  one 
telescope  has  been  previously  found  to  magnify 
ninety  times,  and  that  the  image  of  the  object 
fixed  upon  exactly  fills  three  panes  of  the  window, 
and  that  with  the  other  power  or  the  other  tele- 
scope the  image  fills  exactly  two  panes,  then  the 
magnifying  power  is  equal  to  two-thirds  of  the 
former,  or  sixty  times;  and  were  it  to  fill  only 
one  pane,  the  power  would  be  about  thirty  times 
A  more  correct  method  is  to  place  at  one  side  of 
the  window  a  narrow  board  two  or  three  feet 
long,  divided  into  fifteen  or  twenty  equal  parts, 
and  observe  how  many  of  these  parts  appear  to 
be  covered  by  the  respective  image  of  the  differ- 
ent telescopes.  Suppose,  in  the  one  ca.«e,  ten  di- 
visions to  be  covered  by  the  image  in  a  telescope 
magnifying  ninety  times,  and  that  the  image  of 
the  same  object  in  another  telescope  measures  six 
divisions,  then  its  power  is  found  by  the  following 
proportion:  10:  90:  :  6:  54;  that  is,  this  telescope 
magnifies  54  times. 

Another  mode  which  I  have  used  for  determin- 
ing, to  a  near  approximation,  the  powers  of  tele- 
scopes, is  as  follows:  Endeavor  to  find  tlie  focus 
of  a  single  lens  which  is  exactly  equivalent  to  the 
magnifying  power  of  the  eyepiece,  whether  the 
Huygenian  or  the  common  terrestrial  eyepiece. 
This  may  be  done  by  taking  a  small  lens,  and 
using  it  as  an  object-glass  to  the  eyepiece.  Look- 
ing through  the  eyepiece  to  a  window,  and  holding 
the  lens  at  a  proper- distance,  observe  whether  the 
image  of  one  of  the  panes  exactly  coincides  with 
the  pane  as  seen  by  the  naked  eye;  if  it  does, 
then  the  magnifjing  power  of  the  eyepiece  is 
equal  to  that  of  the  lens.  If  the  lens  be  half  an 
inch  in  focal  length,  the  eyepiece  will  produce 
the  same  magnifying  power  as  a  single  lenswhes 
used  as  an  eyeglass  to  the  telescope,  and  the  mag- 
nifying power  will  then  be  found  by  dividing  the 
focal  distance  of  the  object-glass  by  that  of  the 
eyeglass;  but  if  the  image  of  the  pane  of  glass 
does  not  exactly  coincide  with  the  pane  as  seea 
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by  the  other  eye,  then  proportional  parts  may  be 
taken  by  observing  the  divisions  of  such  a  board 
as  described  above,  or  we  may  try  lenses  of  ditfer- 
ent  focal  distances.  Suppose,  for  example,  that  a 
lens  two  inches  focal  length  had  been  used,  and 
that  tlie  image  of  a  pane  covered  exactly  the 
space  of  two  panes,  the  power  of  the  eyepiece  is 
then  equal  to  that  of  a  single  lens  of  one  inch  fo- 
,cal  distance. 

The  following  is  another  mode  depending  on 
the  same  generarprinciple.  If  a  slip  of  writing- 
paper  one  inch  long,  or  a  disc  of  the  same  mate- 
rial one  inch  in  diameter,  be  placed  on  a  black 
ground  at  from  30  to  50  yards'  distance  from  the 
object-end  of  the  telescope,  and  a  stalT  painted 
white,  and  divided  into  inches  and  parts  by  strong 
black  lines,  be  placed  vertically  near  the  said 
paper  or  disc,  the  eye  that  is  directed  through  the 
telescope,  when  adjusted  for  vision,  will  see  the 
magnified  disc,  and  the  other  eye,  looking  along 
the  outside  of  the  telescope,  will  observe  the  num- 
ber of  inches  and  parts  that  the  disc  projected  on 
it  will  just  cover,  and  as  many  inches  as  are  thus 
covered  will  indicate  the  magnifying  power  of  the 
telescope,  at  the  distance  for  which  it  is  adjusted 
for  distinct  vison.  The  solar  power,  or  powers 
for  very  distant  objects,  may  be  obtained  by  the 
following  proportion :  As  the  terrestrial  focal 
length  at  the  given  distance  is  to  the  solar  focal 
length,  so  is  the  terrestrial  to  the  solar  power. 
For  example,  a  disc  of  white  paper  one  inch  in 
diameter  was  placed  on  a  black  board,  and  sus- 
pended on  a  wall  contiguous  to  a  vertical  black 
staff  that  was  graduated  into  inches  by  strong 
white  lines,  at  a  distance  of  33  yards  2Jii  feet, 
and  when  the  adjustment  for  vision  was  made 
with  a  42  inch  telescope,  the  left  eye  of  the  ob- 
server viewed  the  disc  projected  on  the  staff,  while 
the  right  eye  observed  that  the  enlarged  image  of 
the  disc  covered  just  58}/A  inches  on  the  staff,  which 
number  was  the  measure  of  the  magnifying 
power  at  the  distance  answering  to  33  yards  21., 
feet,  which  in  this  case  exceeded  the  solar  focus 
by  an  inch  and  a  half.  Then,  according  to  the 
above  analogy,  we  have,  as  4.'^. 5  :  42  :  :  58.5  :  56.5 
nearly.  Hence  the  magnifying  power  due  to  the 
solar  focal  length  of  the  telescope  in  question  is 
56.5,  and  the  distance  33  yards  2)^  feet,  is  that 
which  corresponds  to  an  t.longalion  of  the  solar 
focal  distance  an  inch  and  a  hull.*  If  we  multi- 
ply the  terrestrial  and  the  solar  focal  distances 
together,  anil  divide  the  product  by  their  dif- 
ference, we  shall  again  obtain  the  distance  of 
the  terrestrial  object  from  the  telescope.  Thus, 
4-lii±iiL=l2l6  inches=101.5  feet,  or  33  yards 

2)/ feet. 

The  mngnifying  power  of  a  telescope  is  also 
determined  by  measuring  the  image  which  the 
object-glass  or  the  large  speculum  of  a  telescope 
forms  at  its  solar  focus.  This  is  accomplished  by 
means  of  an  instrument  called  aDynametrr.  Tliis 
apparatus  consists  of  a  strip  of  molher-of-pearl, 
marked  with  equal  divisions,  from  the  1-lOOth 
to  the  1-lOOOth  of  an  inch  apart,  according  to 
the  accuracy  required.  This  measure  is  attached 
to  a  magnifying  lens  in  its  focus,  in  order  to 
make  the  small  divisions  more  apparent.  When 
the  power  of  a  telescope  is  required,  the  person 
must  measure  the  clear  aperture  of  the  object- 
glass;  then,  holding  the  pearl  dijnameter  next  the 
eyeglass,  let  him  observe  how  many  divisions  the 
small  circle  of  light  occupies  when  the  instru 
ment   is   directed   to  a    bright   object;    then,  by 
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dividing  Uie  diameter  of  the  object-glass  by  the 
diameter  of  this  circle  of  light,  the  power  will  be 
obtained.*  The  most  accurate  instrument  of  this 
kind  is  the  Double.  Image  Dynameter,  invented  by 
llamsden,an.!  another  on  the  same  principle  now 
made  by  Dollond,  a  particular  description  of 
which  may  be  found  in  Dr.  Pearson's  "Introduc- 
tion to  Practical  Astronomy."  The  advantage 
attending  these  dynameters  is,  that  they  do  not 
require  any  knowledge  of  the  thickness  and  focal 
lengths  of  any  of  the  lenses  employed  in  a  tele- 
scope, nor  yet  of  their  number  and  relative  posi- 
tions; neither  does  it  make  any  difference  whether 
the  construction  be  refractii:g  or  reflecting,  direct 
or  inverting.  One  operation  includes  tlie  result 
arising  from  the  most  complicated  construction. 

I  shall  only  mention  further  the  following  meth- 
od of  discovering  the  magnifying  power,  which 
is  founded  on  the  same  general  principle  as 
alluded  to  above.  Let  the  telescope  be  placed  in 
such  a  position  opposite  the  sun  that  the  rays  of 
light  may  fall  perpendicularly  on  the  object-glass; 
the  pencil  of  rays  may  be  received  on  a  piece  of 
paper,  and  its  diameter  measured.  Then,  as  the 
diameter  of  the  pencil  of  rays  is  to  that  of  the 
object-glass,  so  is  the  magnifying  power  of  the 
telescope. 

8.  On  cleaning  the  Lenses  of  Telescopes. — It  is 
necessary,  in  order  to  distinct  vision,  that  the 
glasses,  particularly  the  eyeglasses  of  telescopes, 
be  kept  perfectly  clean,  free  of  damp,  dust,  or 
whatever  may  impetle  the  transmission  of  the 
rays  of  light;  but  great  caution  ought  tO  be  exer- 
cised in  the  wiping  of  tiiem,  as  they  are  apt  to 
be  scratched  or  otherwise  injured  by  a  rough  and 
incautious  mode  of  cleaning  them.  They  should 
never  be  attempted  to  be  wiped  unless  they  really 
require  it;  and  in  this  case,  they  should  be  wiped 
carefully  and  gently  with  a  piece  of  new  and  soft 
amb's-skin  leather;  if  this  be  not  at  hand,  a  piece 
of  fine  silk  paper,  or  fine  clean  linen  may  be  used 
as  a  substitute.  The  lens  which  requires  to  be 
most  particularly  attended  to  is  the  second  glass 
from  the  eye,  or  the  field-glass;  for  if  any  dust  or 
other  impediment  be  found  upon  this  glass,  it  is 
always  distinctly  seen,  being  magnified  by  the 
glass  next  the  eye.  The  next  glass  which  re- 
quires attention  is  tlie  fourth  from  the  eye,  or 
that  vi'hich  is  next  the  object.  Unless  the  glass 
next  the  eye  be  very  dusty,  a  few  small  spots  or 
grains  of  dust  are  seldom  perceptible.  The  ob- 
ject-glass of  an  achromatic  should  seldom  be 
touched  unless  damp  adheres  to  it.  Care  should 
be  taken  never  to  use  pocket-handkerchiefs  or 
dirty  rags  for  wiping  lenses.  From  the  frequent 
use  of  such  articles,  the  glasses  of  seamen's  tele- 
scopes get  dimmed  and  scratched  in  the  course  of 
a  few  years.  If  the  glasses  be  exceedingly  dirty, 
and  if  greasy  substances  are  attached  to  them, 
they  maybe  soaked  in  spirits  and  water,  and  after- 
ward carefully  wiped.  In  replacing  the  glasses 
in  their  socket,  care  should  be  taken  not  to  touch 
the  surfaces  with  the  fingers,  as  they  would  be 
dimmed  with  the  pers])iration;  they  should  be 
taken  hold  of  by  the  edges  only,  and  carefully 
screwed  into  the  same  cells  from  which  they 
were  taken. 

ON    MEGALASCOPES,  OR   TELESCOPES    FOR    VIEWING 
VERY    NEAR    OBJECTS. 

It  appears  to  have  been  almost  overlooked  by 
opticians  and  others,  that  telescopes  may  be  con- 

•  The  mother-of-peail  dynameter  may  be  nnrcbaied  fhl 
abont  twelve  shilliags.    See  fig.  57,  a,  b,  e,  p,  75. 
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structed  so  as  to  exhibit  a  beautiful  and  minute 
view  of  very  near  objects,  and  to  produce  even  a 
microscopic  effect  without  the  least  alteration  in 
the  arrany  erne  lit  of  the  lenses  of  which  they  are 
composed.  Tliis  object  is  effected  simply  by 
making  the  eyetube  of  a  telescope  of  such  a 
length  as  to  be  capable  of  being  drawn  out 
twelve  or  thirteeu  inches  beyond  the  point  of 
distinct  vision  for  distant  objects.  The  telescope 
is  then  rendered  capable  of  exhibiting  with  dis- 
tinctness all  kinds  of  objects  from  the  most  distant 
to  those  which  are  placed  witliin  three  or  four 
feet  of  the  instrument,  or  not  nearer  than  double 
the  focal  distance  of  the  object-glass.  Our  tele- 
scopes, however,  are  seldom  or  never  fitted  with 
tubes  that  slide  farther  than  an  inch  or  two  be- 
yond the  point  of  distinct  vision  for  distant  ob- 
jects, although  a  tube  of  a  longer  size  than  usual, 
or  an  additional  tube,  would  cost  but  a  trilling 
e.xpense. 

Tiie  following,  among  many  others,  are  some 
of  the  objects  on  which  I  have  tried  many  amus- 
ing experiments  with  telescopes  fitted  up  with 
the  long  tubes  to  which  I  allude.  TJie  telescope  to 
which  I  shall  more  particularly  advert  is  an  achro- 
matic, mounted  on  a  pedestal,  having  an  object-glass 
about  nineteen  inches  focal  length,  and  l^thsof  an 
inch  in  diameter,  with  magnifying  powers  for  dis- 
tant objects  of  thirteen  and  twenty  times.  When 
this  instrument  is  directed  to  a  miniature  portrait 
3}4  inches  in  length,  placed  in  a  good  light,  at  the 
distance  of  about  eight  or  ten  feet,  it  appears  as 
large  as  an  oil  painting  four  or  five  feet  long,  and 
represents  the  individual  as  large  as  life.  The 
features  of  the  face  a])pear  to  stand  out  in  bold 
relief;  and  perhaps  there  is  no  representation  of 
the  human  figure  that  more  resembles  the  living 
prototype  than  in  this  exhibition,  provided  the 
miniature  is  finely  executed.  In  this  case  the 
tube  requires  to  be  pulled  out  four  or  five  inches 
from  the  point  of  distinct  vision  for  distant  ob- 
jects, and  consequently  the  magnifying  power  is 
proportionably  increased.  Another  class  of  ob- 
jects to  which  such  a  telescope  may  be  applied  is 
Perspective  Prints,  either  of  public  buildings, 
streets,  or  landscapes.  When  viewed  in  this  way 
they  present  a  panoramic  appearance,  and  seem 
nearly  as  natural  as  life,  just  in  the  same  manner 
as  they  appear  in  the  Optical  Diagonal  Machine, 
or  when  reflected  in  a  large  concave  mirror,  with 
this  advantage,  that  while  in  these  instruments 
the  left-hand  side  of  the  print  appears  where  the 
right  should  be,  the  objects  seen  through  the  tele- 
scope appear  exactly  in  their  natural  position.  In 
this  case,  however,  the  telescope  should  have  a 
small  magnifying  power,  not  exceeding  five  or 
six  times,  so  as  to  take  in  the  whole  of  the  land- 
scape. If  an  astronomical  eyepiece  be  used,  the 
print  will  require  to  be  inverted. 

Other  kinds  of  objects  which  may  be  viewed 
with  this  iustrument  are  trees,  flowers,  afid  other 
objects  in  gardens  immediately  adjacent  to  the  apart- 
ment in  wiiich  we  make  our  observations.  In 
this  way  we  may  obtain  a  distinct  view  of  a  variety 
of  rural  objects,  which  we  cannot  easily  approach, 
such  as  the  buds  and  blossoms  on  the  tops  of 
trees,  and  the  insects  with  which  they  may  be 
infested.  There  are  certain  objects  on  which  the 
telescope  may  be  made  to  produce  a  powerful 
microscopical  effect,  such  as  the  more  delicate  and 
beautiful  kinds  of  flowers,  the  leaves  of  trees,  and  si- 
milar objects.  In  viewing  such  objects,  the  telescope 
may  be  brought  witliin  little  more  than  double 
the  focal  distance  of  the  object-glass  from  the  ob- 
jects to  be  viewed,  and  then  the  magnifying 
power  is  very  considerably  increased.     A  nosegay 


composed  of  a  variety  of  delicate  flowers,  or  even 
a  single  flower,  such  as  the  sea  pink,  makes  a 
splendid  appearance  in  this  way.  A  peacock's 
feather,  or  even  the  fibers  on  a  common  quili. 
appear  very  beautiful  when  placed  in  a  proper 
light.  The  leaves  of  trees,  particularly  the  leaf 
of  the  plane-tree,  when  placed  against  a  window- 
pane,  so  that  the  light  may  shine  tlirough  them, 
appear,  in  all  their  internal  ramifications,  more 
distinct,  beautiful,  and  interesting  than  when 
viewed  in  any  other  way;  and  in  such  views  a 
large  portion  of  the  object  is  at  once  exhibited  to 
the  eye.  In  this  case,  the  eyepiece  of  such  a 
telescope  as  thai  alluded  to  requires  to  be  drawn 
out  twelve  or  fourteen  inches  beyond  the  point 
of  distinct  vision  for  objects  at  a  distance,  and  the 
distance  between  these  near  objects  and  the  object- 
end  of  the  telescope  is  only  about  3)-2  feet. 

A  telescope  having  a  diagonal  eyepiece  pre- 
sents a  very  pleasant  view  of  near  objects  in  this 
manner.  With  an  instrument  of  this  kind  I  have 
frequently  viewed  the  larger  kind  of  small  objects 
alluded  to  above,  such  as  the  leaves  of  shrubs  and 
trees,  flowers  consisting  of  a  variety  of  parts,  the 
fibers  of  a  peacock's  feather,  and  similar  objects. 
In  this  case,  the  object-glass  of  the  instrument, 
which  is  lUi'2  inches  focal  length,  was  brought 
within  22  inches  of  the  object,  and  the  eye  looked 
down  upon  it  in  the  same  manner  as  when  wo 
view  objects  in  a  compound  microscope.  A  com- 
mon pocket  achromatic  telescope  may  be  used  for 
the  purposes  now  stated,  provided  the  tube  in  the 
eyepiece  containing  the  two  lenses  next  the  object 
be  taken  out,  in  which  case  the  two  glasses  next 
the  eye  form  an  astronomical  eyepiece,  and  the 
tubes  may  be  drawn  out  five  or  six  inches  beyond 
the  focal  point  for  distant  objects,  and  will  pro- 
duce distinct  vision  for  objects  not  farther  distant 
than  about  20  or  24  inches  ;  but  in  this  case,  the 
objects  to  be  viewed  must  be  inverted,  in  order 
that  they  may  be  seen  in  their  natural  positions 
when  viewed  through  the  instrument.  Telescopes 
of  a  large  size  and  high  magnifying  powers  may 
likewise  be  used  with  advantage  for  viewing  very 
near  objects  in  gardens  adjacent  to  the  room  iu 
which  the  instruments  are  placed,  provided  the 
sliding  tube  next  the  eye  has  a  range  of  two  or 
three  inches  beyond  the  point  of  vision  for  distant 
objects.  In  this  case,  a  magnifying  power  of  100 
times  on  a  3}2  or  a  five  feet  achromatic  produces 
a  very  pleasant  effect.  In  making  the  observa- 
tions to  which  I  have  now  alluded,  it  is  requisite 
in  order  to  distinct  vision,  and  to  obtain  a  pleas- 
ing view  of  the  objects,  that  the  instrument  should 
be  placed  on  a  pedestal,  and  capable  of  motion 
in  every  direction.  The  adjustment  for  distinct 
vision  may  be  made  either  by  the  sliding  tube,  or 
by  removing  the  telescope  nearer  to  or  farther 
from  the  object. 

REFLECTION'S    ON'    LIGHT    AND    VISION,    AND    ON    THE 
NATURE    AND   UTILITY    OF  TELESCOPES. 

Light  is  one  of  th'i  most  wonderful  and  benefi- 
cial, and,  at  the  same  time,  one  of  the  most  mys- 
terious agents  in  the  material  creation.  Though 
the  sun  from  which  it  flows  to  this  part  of  our 
system  is  nearly  a  hundred  millions  of  miles  from 
our  globe,  yet  we  perceive  it  as  evidently,  and  feol 
its  influence  as  powerfully,  as  if  it  emanated 
from  no  iiigher  a  region  than  the  clouds.  It  sup- 
plies life  and  comfort  to  our  physical  system,  and 
without  its  influence  and  operations  on  the  vari- 
ous objects  around  us,  we  could  scarcely  subsist 
and  participate  of  enjoyment  for  a  single  hour. 
It  is  diffused  around  us  on  every  hand  from  its 
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fountain,  the  sun;  and  even  the  stars,  thoiigli  at 
a  distance  JnindiV(l.s  of  iliousuiids  of  times  gieater 
than  that  of  the  solar  orlj,  transmit  to  our  distant 
region  a  portion  of  this  element.  It  gives  beauty 
and  fertility  to  the  eartli,  it  supports  the  vegeta- 
ble and  animal  tribes,  and  is  connected  with  the 
various  motions  which  ari  going  forward  through- 
out the  system  of  the  universe.  It  unfolds  to  us 
the  whole  scenery  of  external  nature;  the  lofty 
mountains  and  the  expansive  plains,  the  majestic 
rivers  and  the  mighty  ocean  ;  the  trees,  the 
flowers,  the  crystal  streams,  and  tlie  vast  canopy 
of  the  sky,  adorned  with  ten  thousands  of  shin- 
ing orbs.  In  sliort,  there  is  scarcely  an  object 
within  the  range  of  our  contemplation  but  what 
is  exhibited  to  our  understanding  through  the 
medium  of  light,  or  at  least  bears  a  certain  rela- 
tion to  this  enlivening  and  universal  agent. 
When  we  consider  the  extreme  minuteness  of  the 
rays  of  light,  their  inconceivable  velocity,  the  in- 
variable laws  by  which  they  act  upon  all  bodies, 
the  multifarious  phenomena  produced  by  their 
inflections,  refractions,  and  reflection?,  while  their 
original  properties  remain  the  same  ;  the  endless 
variety  of  colors  they  produce  on  every  part  of 
our  terrestrial  creation,  and  the  facility  with  which 
millions  of  rays  pass  through  the  smallest  aper- 
tures, and  pervade  substances  of  great  density, 
while  every  ray  passes  forward  in  the  crowd 
without  disturbing  another,  and  produces  its  own 
specific  impression,  we  cannot  but  regard  this 
element  as  the  most  wonderful,  astonishing,  and 
delightful  part  of  the  material  creation.  When 
we  consider  the  admirable  beauties  and  the  ex- 
quisite pleasures  of  which  light  is  the  essential 
source,  and  how  much  its  nature  is  still  involved 
in  mystery,  notvi'ithstanding  the  profound  inves- 
tigations of  modern  pliilosophers,  we  may  well 
e.xclaim  with  the  poet, 

"  How  then  shall  I  attempt  to  sing  of  Him 
Who,  light  himself,  in  uncreated  light 
Invested  deep,  dwells  awfully  retired 
From  mortal  eye  or  angel's  jmrer  ken; 
AVliose  single  smile  has,  from  the  first  of  time, 
Filled,  overttowing,  all  yon  lamps  of  heaven, 
That  beam  forever  through  the  boundless  sky." 
Thomson. 

The  eye  is  the  instrument  by  which  we  per- 
ceive the  beautiful  and  multifarious  effects  of  this 
universal  agent.  Its  delicate  and-  complicated 
strticture  ;  its  diversified  muscles;  its  coats  and 
membranes  ;  its  different  humors,  possessed  of 
different  refractive  powers;  and  the  various  con- 
trivances for  performing  and  regulating  its  ex- 
ternal and  internal  motions,  so  as  to  accomplish 
the  ends  intended,  clearly  demonstrate  this  organ 
to  be  a  masterpiece  of  Divine  mechanism — the 
workmanship  of  Him  whose  intelligence  sur- 
passes cona^ption,  and  whose  wisdom  is  un- 
searchable. "  Our  sight,"  says  Addison,  "  is  the 
most  perfect  and  delightful  of  all  our  senses.  It 
fills  the  mind  with  the  largest  variety  of  ideas, 
converses  with  its  objects  at  the  greatest  distance, 
and  continues  the  longest  in  action,  without 
being  tired  or  satiated  with  its  proper  enjoyments. 
The  sense  of  feeling  can  indeed  give  us  a  notion 
of  extension,  shape,  and  all  other  ideas  that  enter 
the  eye  except  colors;  but,  at  the  same  time,  it  is 
very  much  strained,  and  confined  in  its  operation 
to  the  number,  bulk,  and  d-istance  of  its  particu- 
lar objects.  Our  sight  seems  designed  to  supply  all 
these  defects, and  may  be  considered  as  a  more  deli- 
cate and  diffusive  kind  of  touch,  thatspreads  itself 
over  an  infinite  multitude  of  bodies,  comprehends 
the  largest  figures,  and  brings  into  our  reach 
some  of  the  more  remote  parts  of  the  universe." 


Could  we  suppose  an  order  of  beings  indued 
with  every  human  faculty  but  that  of  sight,  it 
would  appear  incredible  to  such  beings,  accus- 
tomed only  to  the  slow  information  of  touch, 
that  by  the  addition  of  an  organ  consisting  of  a 
ball  and  socket,  of  an  inch  in  diameter,  they 
might  be  enabled,  in  an  instant  of  time,  without 
changing  their  ])lace,  to  perceive  the  di.~i>osition 
of  a  whole  army,  the  order  of  a  battle,  the  figure 
of  a  magnificent  palace,  or  all  the  variety  of  a 
landscape.  If  a  man  were  by  feeling  to  find  out 
the  figure  of  the  Peak  of  Tenerifle,  or  even  of 
St.  Peter's  Church  at  Rome,  it  would  be  the 
work  of  a  lifetime.  It  would  appear  still  more 
incredible  to  such  beings  as  we  have  sup[>osed, 
if  they  were  informed  of  tlie  discoveries  which 
may  be  made  by  this  little  organ  in  things  far  be- 
yond the  reach  of  any  other  sense,  that  by  means 
of  it  we  can  find  our  vs?ay  in  the  pathless  ocean; 
that  we  can  traverse  the  globe  of  the  earth,  deter- 
mine its  figure  and  dimensions,  and  delineate 
every  region  of  it;  yea,  that  we  can  measure  the 
planetary  orbs,  and  make  discoveries  in  the  sphere 
of  the  lixed  stars.  And  if  they  were  further  in- 
formed that,  by  means  of  this  same  organ,  we  can 
perceive  the  tempers  and  dispositions,  the  passions 
and  affections  of  our  fellow-creatures,  even  when 
they  want  most  to  conceal  them  ;  that  when  the 
tongue  is  taught  most  artfully  to  lie  and  dissem- 
ble, the  hypocrisy  should  appear  in  the  countenance 
to  a  discerning  eye  ;  and  that  by  this  organ  we 
can  often  perceive  what  is  straight  and  what 
crooked  in  tlie  mind  as  well  as  in  the  body,  would 
it  not  appear  still  more  astonishing  to  beings  such 
as  we  have  now  supposed?* 

Notwithstanding  these  wonderful  properties  of 
the  organ  of  vision,  the  eye,  when  unassisted  by 
art,  is  comparatively  limited  in  the  range  of  its 
powers.  It  cannot  ascertain  the  existence  of  cer- 
tain objects  at  the  distance  of  three  or  four  miles, 
nor  perceive  what  is- going  forward  in  nature  ox 
art  beyond  such  a  limit.  By  its  natural  powers 
we  perceive  the  moon  to  be  a  globe  about  half  a 
degree  in-  diameter,  and  diversified  with  two  or 
three  dusky  spots,  and  that  the  sun  is  a  luminous 
body  of  apparently  the  same  size;  that  the  planets 
are  luminous  points,  and  that  about  a  thousand 
stars  exist  in  the  visible  canopy  of  the  skj'.  But 
the  ten  thousandtii  part  of  those  luminaries  which 
are  within  the  reach  of  human  vision  can  never 
be  seen  by  the  unassisted  eye.  Here  the  tele- 
scorE  interposes,  and  adds  a  new  power  to  the 
organ  of  vision,  by  which  it  is  enabled  to  extend 
its  views  to  regions  of  space  immeasurably  dis- 
tant, and  to  objects,  the  number  and  magnitude 
of  which  could  never  otherwise  have  been  sur- 
mised by  the  human  imagination.  By  its  aid  tve 
obtain  a-  sensible  demonstration  that  space  is 
boundless;  that  the  universe  is  replenislieJ  with 
innumerable  suns  and  worlds ;  that  the  remotest 
regions  of  immensity,  immeasurably  beyond  tlie 
limits  of  unassisted  vision,  display  the  energSes  of 
Creating  Power;  and  that  the  empire  of  the 
Creator  extends  far  beyond  what  eye  hath  &een  or 
the  human  imagination  can  conceive. 

The  telescope  is  an  instrument  of  a  much  more 
wonderful  nature  than  what  most  people  are  apt 
to  imagine.  However  popular  such  instruments 
now  are,  and  however  connnon  a  circumstance 
it  is  to  contemplate  objects  at  a  great  distance 
which  the  naked  eye  cannot  discern,  yet,  prior 
to  their  invention  and  improvement,  it  would 
have  appeared  a  thing  most  mysterious,  if  not  im- 
possible, that  objects  at  the  distance  of  ten  miles 
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could  be  made  to  appear  as  if  within  a  few  yards 
of  us,  and  that  some  of  the  heavenly  bodies  could 
be  seen  as  dibtinctly  as  if  wo  had  been  transported 
by  some  superior  power  hundreds  of  millions  of 
miles  beyond  the  bounds  of  our  terrestrial  habita- 
tion. Who  could  ever  have  imagined,  reasoning 
a  priori,  that  the  refraction  of  light  in  glass — the 
same  power  by  which  a  straight  rod  appears 
crooked  in  water,  by  which  vision  is  variously 
distorted,  and  by  which  we  are  liable  to  innumer- 
able deceptions — that  that  same  power  or  law  of 
nature,  by  the  operation  of  which  the  objects  in 
a  landscape  appear  distorted  when  seen  through 
certain  panes  of  glass  in  our  windows,  that  that 
power  should  ever  be  so  modified  and  directed  as 
to  extend  the  boundaries  of  vision,  and  enable  us 
clearly  to  distinguish  scenes  and  objects  at  a  dis- 
tance a  thousand  times  beyond  the  natural  limits 
of  our  visual  organs?  Yet  such  are  the  dis- 
coveries which  science  has  achieved,  such  the 
powers  it  has  brought  to  light,  that  by  glasses 
ground  into  different  forms,  and  properly  adapted 
to  each  otber,  we  are  enabled,  as  it  were,  to  con- 
tract the  boundaries  of  space,  to  penetrate  into  the 
most  distant  regions,  and  to  bring  within  the 
reach  of  our  knowledge  the  most  sublime  objects 
in  the  universe. 

When  Pliny  declared  in  reference  to  Hippar- 
chus,  the  ancient  astronomer,  "  Ausiis  rent  Deo 
improbam  annumerare  posteris  Stellas,"  that  "  he 
dared  to  enumerate  the  stars  for  posterity,  an  un- 
dertaking forbidden  by  God,"  what  would  that 
natural  historian  have  said  had  it  been  foretold 
that  in  less  than  1600  years  afterward  a  man 
would  arise  who  should  enable  posterity  to  per- 
ceive and  to  enumerate  ten  times  more  new  stars 
tlian  Hipparchus  ever  beheld — who  should  point 
out  higher  mountains  on  the  moon  than  on  the 
earth — who  should  discover  dark  spots  as  large  as 
our  globe  in  the  sun,  the  fountain  of  light — who 
should  descry  four  moons  revolving  in  different 
periods  of  time  around  the  planat  Jupiter,  and 
could  show  to  surrounding  senators  the  varying 
phases  of  Venus  ?  and  that  another  would  soon 
after  arise  who  should  point  out  a  double  ring  of 
six  hundred  thousand  miles  in  circumference  re- 
volving around  the  planet  Saturn,  and  ten  hun- 
dreds of  thousands  of  stars  which  neither  Hip- 
parchus nor  any  of  tlie  ancient  astronomers  could 
ever  descry  ?  Yet  these  are  only  a  small  portion 
of  the  discoveries  made  by  Galileo  and  Herschel 
by  means  of  the  telescope.  Had  any  one  pro- 
phetically informed  Archimedes,  the  celebrated 
geometrician  of  Syracuse,  that  vision  would,  in 
after  ages,  be  thus  wonderfully  assisted  by  art; 
and,  further,  that  one  manner  of  improving  vision 
would  be  to  place  a  dark,  opaque  body  directly  be- 
tween the  object  and  the  eye;  and  that  another 
method  would  be,  not  to  look  at  the  object,  but  to 
keep  the  eye  quite  in  a  different,  and  even  in  an 
opposite  direction,  or  to  stand  with  the  back  di- 
rectly opposed  to  it,  and  to  behold  all  the  parts  of 
it,  invisible  to  the  naked  eye,  most  distinctly  in 
this  way,  he  would  doubtless  have  considered  the 
prophet  as  an  enthusiastic  fool  or  a  raving  mad- 
man. Yet  these  things  have  been  realized  in 
modern  times  in  the  fullest  extent.  In  the  Gre- 
goiian  reflecting  telescope,  an  opaque  body, 
namely,  the  small  speculum  near  the  end  of  the 
tube,  interposes  directly  betvi'een  the  eye  and  the 
ol)ject.  In  the  Newtonian  reflector,  and  in  the 
diagonal  eyepieces  formerly  described,  the  eye  is 
directed  in  a  line  at  right  angles  to  the  object,  or 
a  deviation  of  90  degrees  from  the  direct  line  of 
vision.  In  Herschel's  large  telescopes,  and  in  the 
Aerial  iJ^'lector,  formerly  described  (in  pp.  88-92), 


the  back  is  turned  to  the  object,  and  the   eye  in 
an  opposite  direction. 

These  circumstances  should  teach  us  humility 
and  a  becoming  diffidence  in  our  own  powers ; 
and  they  should  admonish  us  not  to  be  too  dog- 
matical or  peremptory  in  affirming  what  is  possi- 
ble or  impossible  in  regard  either  to  nature  or  art 
or  to  the  operations  of  the  Divine  Being.  Ar 
has  accomplished,  in  modern  times,  achievement, 
in  regard  to  locomotion,  marine  and  aerial  naviga. 
tion,  the  improvement  of  vision,  the  separation 
and  combinations  of  invisible  gases,  and  numer- 
ous otiitr  objects,  of  which  the  men  of  former 
ages  could  not  have  formed  the  least  conception; 
and  even  j-et  we  can  set  no  boundaries  to  the 
future  discoveries  of  science  and  the  improve- 
ments of  art,  but  have  every  reason  to  indulge  the 
hope  that,  iii  the  ages  to  come,  scenes  of  Divine 
mechanism  in  the  system  of  nature  will  be  un- 
folded, and  the  effects  of  chemical  and  mechani- 
cal powers  displayed,  of  which  the  huinan  mind, 
in  its  })resent  state  of  progress,  cannot  form  the 
most  imperfect  idea.  Such  circumstances  like- 
wise should  teach  us  not  to  reject  any  intimations 
which  have  been  made  to  us  in  relation  to  the 
character,  attributes,  and  dispensations  of  the 
Divine  Being,  and  the  moral  revelations  of  his 
will  given  in  the  Sacred  Records,  because  we  are 
unable  to  comprehend  every  truth  and  to  remove 
every  difficulty  which  relates  to  the  moral  govern- 
ment of  the  Great  Ruler  of  the  universe;  for  if 
we  meet  vi'ith  many  circumstances  in  sec|ilar 
science,  and  even  in  the  common  operations  of 
nature,  which  are  difficult  to  comprehend — if  even 
the  construction  of  such,  telescopes  as  we  now 
use  would  have  appeared  an  incomprehensible 
mystery  to  ancient  philosophers,  we  must  expect 
to  tind  difficulties  almost  insurmountable  to  such 
limited  minds  as  ours  in  the  eternal  plans  and 
moral  arrangements  of  the  "King  Inin)ortal  and 
Invisible,"  as  delineated  only  in  their  outlines  in 
the  Sacred  Oracles,  particularly  those  which  re- 
late to  the  origin  of  physical  and  moral  evil,  the 
ultimate  destiny  of  man,  and  the  invisible  reali- 
ties of  a  future  world. 

The  UTiLiTV  of  the  telescope  may  be  considered 
in  relation  to  the  following  circumstances: 

In  the  first  place,  it  may  be  considered  as  an 
instrument  or  machine  which  virtually  transports 
us  to  the  distant  regions  of  space.  When  we 
look  at  the  moon  through  a  telescope  which  mag- 
nifies 200  times,  and  survey  its  extensive  plains, 
its  lofty  peaks,  its  circular  ranges  of  mountains, 
throwing  their  deep  shadows  over  the  vales,  its 
deep  and  rugged  caverns,  and  all  the  other  varie- 
ties which  appear  on  the  lunar  surface,  we  behold 
such  objects  in  the  same  manner  as  if  we  were 
standing  at  a  point  238,800  miles  from  the  earth 
in  the  direction  of  the  moon,  or  only  twelve 
hundred  miles  from  that  orb,  reckoning  its  distance 
to  be  240,000  miles.  When  we  view  the  planet 
Saturn  with  a  similar  instrument,  and  obtain  a 
view  of  its  belts  and  satellites,  and  its  magnificent 
rings,  we  are  transported,  as  it  were,  through 
regions  of  space  to  a  point  in  the  heavens  more 
than  nine  hundred  jnillions  of  miles  from  the  sur- 
face Of  our  globe,  and  contemplate  those  august 
objects  as  if  we  were  placed  within  five  millions 
of  miles  of  the  surface  of  that  planet.*    Although 


*  The  distance  of  Saturn  from  the  sun  is  906,000,000  of 
miles;  it  is  sometimes  nearer  to,  and  at  other  times  farther 
from  the  earth,  according  as  it  is  near  the  point  of  its  oppo- 
sition to,  or  conjunction  with,  the  sun.  If  this  numher  bo 
divided  by  £00  hundred,  the  supposed  mognifying  power  of 
tl>e  telescope,  the  quotient  is  4,5;:0,000,  which  expresses  tha 
distance  in  miles  at  which  it  enables  us  to  contemplate  tbii 
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a  supernatural  power  sufficient  to  carry  us  in 
such  a  cclt'siiul  journey  a  tliousand  miles  every 
day  were  exerted,  it  would  require  more  tlian 
two  thousand  four  iiundred  and  sixty  years  be- 
fore we  could  arrive  at  such  a  distant  position; 
yet  tlie  telescope,  in  a  few  moments,  transports 
our  visual  powers  to  that  far  distant  point  of 
space.  When  we  view  with  such  an  instrument 
the  minute  and  very  distant  clusters  of  stars 
in  the  Milky  Way,  we  are  carried,  in  effect, 
through  the  regions  of  space  to  the  distance  of 
Jive  hundred  thousand  millions  of  miles  from  the 
eartii;  for  we  behold  those  luminaries  through 
the  telescope  nearly  as  if  they  were  actually 
viewed  from  such  a  distant  point  in  the  spaces 
of  the  firmament.  These  stars  cannot  be  con- 
ceived as  less  tiian  a  hundred  billions  of  miles 
from  our  globe,  and  the  instrument  we  have  sup- 
posed brings  them  within  the  two  hundredth  part 
of  this  distance.  Suppose  we  were  carried  for- 
ward by  a  rapid  motion  toward  this  point  at  the 
rate  of  a  thousand  miles  eoeri/  hour,  it  would  re- 
quire more  than  fijhj-seven  tliousand  years  before 
we  could  reach  that  very  distant  station  in  space 
to  which  the  telescope,  in  effect,  transports  us:  so 
that  this  instrument  is  far  more  efficient  in  open- 
ing to  our  view  the  scenes  of  the  universe,  llian 
if  we  were  invested  with  powers  of  locomotion 
to  carry  us  through  the  regions  of  space  with 
the  rapidity  of  a  cannon  ball  at  its  utmost  ve- 
locity; and  all  the  while  we  may  sit  at  ease  in 
our  terrestrial  apartments. 

Ill  the  next  place,  the  telescope  has  been  the 
means  of  enlarging  our  views  of  the  suhtime  scenes 
of  creation  more  than  any  other  instrument  which 
art  has  contrived.  Before  the  invention  of  this 
instrument,  the  universe  was  generally  conceived 
as  circumscribed  within  very  narrow  limits.  The 
earth  was  considered  as  one  of  the  largest  botiies 
in  creation;  the  planets  were  viewed  as  bodies  of 
a  far  less  size  than  what  they  are  now  found  to 
be;  no  bodies  similar  to  our  moon  were  suspected 
as  revolving  around  any  of  them  ;  and  the  stars 
Were  supposed  to  be  little  more  than  a  number 
of  brilliant  lamps  hung  up  to  emit  a  few  glimmer- 
ing rays,  and  to  adorn  tiie  canopy  of  our  earthly 
habitation.  Such  a  wonderful  phenomenon  as  the 
ring  of  Saturn  was  never  once  suspected,  and  the 
sun  was  considered  as  only  a  large  ball  of  fire. 
It  was  suspected,  indeed,  that  the  moon  was  di- 
versified with  mountains  and  vales,  and  that  it 
might  possibly  be  a  habitable  world;  but  nothing 
certainly  could  be  determined  on  this  point,  on 
account  of  the  limited  nature  of  unassisted  vision. 
But  the  telescope  has  been  the  means  of  expand- 
ing our  views  of  the  august  scenes  of  creation 
to  an  almost  unlimited  extent:  it  has  withdrawn 
the  vail  which  formerly  interposed  to  intercept 
our  view  of  the  distant  glories  of  the  sky:  it  has 
brought  to  light  five  new  planetary  bodies,  un- 
known to  former  astronomers,  one  of  which  is 
more  than  eighty  Jjmes  larger  than  the  earth,  and 
seventeen  seeondary  planets  which  revolve  around 
the  primary:  it  lias  expanded  the  dimensions  of 
the  solar  system  to  double  the  extent  which  was 
formerly  supposed:  it  has  enabled  us  to  descry 
hundreds  of  comets  which  would  otherwise  have 
escaped  our  unassisted  vision,  and  to  determine 
some  of  their  trajectories  and  periods  of  revolu- 
tion: it  has  explored  the  profundities  of  the  Milky 
Way,  and  enabled  us  to  perceive  hundreds  of 
thousands  of  those  splendid  orbs,  where  scarcely 
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planet,.  If  this  number  be  subtracted  ftom  90(5,OUO,(;00, 
tbo  remiiinler  is  901,470,000,  which  expresses  the  number 
or  niles  (row  ine  e:irlh  at  which  we  are  supposed  to  view 
Snliirn  willi  sucli  an  instrument. 


one  is  visible,  to  the  naked  eye:  it  has  laid  open 
to  our  view  thousands  of  JSebula,  of  various  de- 
scriptions, dispersed  through  ditlVrent  regions 
of  the  firmament,  many  of  them  containing  thou- 
sands of  separate  stars  :  it  has  directed  our  inves- 
tigations to  thousands  of  double,  treble,  and  mul- 
tiple stars — suns  revolving  around  suns,  and  sys- 
tems around  sy.stems  ;  and  has  enabled  us  to 
determine  some  of  the  periods  of  their  revolu- 
tions: it  has  demonsirated  the  immense  distances 
of  the  starry  oibs  from  our  globe,  and  theii" 
consequent  magnitudes,  since  it  shows  us  that, 
having  brought  them  nearer  to  our  view  by 
several  hundreds  or  thousands  of  times,  they  still 
appear  only  as  so  many  shining  points:  it  has  en- 
abled us  to  perceive  ihat  mighty  changes  are 
going  forward  throughout  the  regions  of  immen- 
sity— new  stars  appearing,  and  others  removed 
from  our  view,  and  motions  of  incomprehensible 
velocity  carrying  forward  those  magnificent  orbs 
through  the  spaces  of  the  firmament:  in  short,  it 
has  opened  a  vista  to  regions  of  space  so  im- 
measurably distant,  that  a  cannon  ball  impelled 
with  its  greatest  velocity  would  not  reach  tracts 
of  creation  so  remote  in  two  thousand  millions  of 
years  ;  and  even  light  itself,  the  swiftest  body  in 
nature,  would  require  more  than  a  thousand 
years  before  it  could  traverse  this  mighty  inter- 
val. It  has  thus  laid  a  foundation  for  our  acquir- 
ing an  approximate  idea  of  the  infinity  of  space, 
and  for  obtaining  a  glimpse  of  the  far  distant 
scenes  of  creation,  and  the  immense  extent  of  the 
universe. 

Again,  the  telescope,  in  consequence  of  the  dis- 
coveries it  has  enabled  us  to  make,  has  tended  to 
amplify  our  conceptions  of  the  attributes  and  the  em- 
pire of  the  Deity.  The  amplitude  of  our  concep- 
tions of  the  Divine  Being  bears  a  certain  propor- 
tion to  the  expansion  of  our  views  in  regard  to 
his  works  of  creation,  and  the  operations  he  is  in- 
cessantly carrying  forward  throughout  the  uni- 
verse. If  our  views  of  the  works  of  God,  and  of 
the  manifestations  he  has  given  of  himself  to  his 
intelligent  creatures,  be  circumscribed  to  a  narrow 
sphere,  as  to  a  parish,  a  province,  a  kingdoin,  or 
a  single  world,  our  conceptions  of  that  Great  Be- 
ing will  be  proportionably  limited;  for  it  is  chiefly 
from  the  manifestation  of  God  in  the  material 
creation  that  our  ideas  of  his  power,  his  wisdom, 
and  his  other  natural  attributes  are  derived.  But 
in  proportion  to  the  ample  range  or  prospect  we 
are  enabled  to  take  of  the  operations  of  the  Most 
High,  will  be  our  conceptions  of  his  character, 
attributes,  and  agency-  Now  the  telescope,  more 
than  any  other  invejition  of  man,  has  tended  to 
open  to  our  view  the  most  magnificent  and  exten- 
sive prospects  of  the  works  of  God;  it  has  led  us 
to  ascertain  that,  within  the  limits  of  the  solar 
system,  there  are  bodies  which,  taken  together, 
comprise  a  mass  of  matter  nearly  two  thousand 
five  hundred  times  greater  than  that  of  the  earth; 
that  these  bodies  are  all  constituted  and  arranged 
in  such  a  manner  as  to  fit  them  for  being  habitable 
worlds;  and  that  the  sun,  the  center  of  this  sys- 
tem, is  five  hundred  times  larger  than  the  whole. 
But,  far  beyond  the  limits  of  this  system,  it  has 
presented  to  our  view  a  universe  beyond  the  grasp 
of  finite  intelligences,  and  to  which  human  ima- 
gination can  assign  no  boundaries  :  it  has  enabled 
us  to  descry  suns  clustering  behind  suns,  rising 
to  view  in  boundless  perspective,  in  proportion  to 
the  extent  of  its  magnifying  and  illuminating 
powers,  the  numl.ers  of  which  are  to  be  estimat- 
ed, not  merely  by  thousands,  and  fens  of  thousands, 
and  hundreds  of  thousands,  but  by  scores  of  ■mil- 
lions; leaving  us  no  room  to  doubt  that  hundredi 
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of  millions  more  beyond  the  utmost  limits  of  hu- 
man vision,  even  when  assisted  by  art,  lie  hid  from 
mortal  view  in  the  unexplored  and  unexplorable 
regions  of  immensity. 

Here,  then,  we  arc  presented  with  a  scene  which 
gives  us  a  display  of  Omnipolent  Power  which  no 
other  objects  can  unfold,  and  which,  without  the 
aid  of  the  telescope,  we  should  never  have  beheld; 
a  scene  which  expands  our  conceptions  of  the 
Divine  Being-  to  an  extent  which  the  men  of  for- 
mer generations  could  never  have  anticipated;  a 
scene  which  enables  us  to  form  an  approximate 
idea  of  Him  who  is  the  "  King  Eternal,  Immor- 
tal, and  Invisible,"  who  "created  all  worlds,  and 
for  wliose  pleasure  they  are  and  were  created." 
Here  we  behold  the  operations  of  a  Being  whose 
power  is  illimitable  and  uncontrollable,  and  which 
far  transcends  the  comprehension  of  the  highest 
created  intelligences;  a  power,  displayed  not  only 
in  the  vast  extension  of  material  existence,  and 
the  countless  number  of  mighty  globes  which  the 
universe  contains,  but  in  the  astonishingly  rapid 
motions  with  which  myriads  of  them  are  carried 
along  through  the  immeasurable  spaces  of  crea- 
tion, some  of  those  magnificent  orbs  moving  with 
a  velocity  of  one  hundred  and  seventy  thousand 
miles  an  hour.  Here,  likewise,  we  have  a  display 
of  the  infii:ite  insdorn  and  intelligence  of  the  Di- 
vine Mind,  in  the  harmony  and  order  with  which 
all  the  mighty  movements  of  the  universe  are  con- 
ducted; in  proportionating  the  magnitudes,  mo- 
tions, and  distances  of  the  planetary  worlds;  in 
the  nice  adjustment  of  the  projectile  velocity  to 
the  attractive  power;  in  the  constant  proportion 
between  the  times  of  the  periodical  revolution  of 
the  planets  and  the  cubes  of  their  mean  distances; 
in  the  distances  of  the  several  planets  from  tlie 
central  body  of  the  system,  compared  with  their 
respective  densities;  and  in  the  constancy  and  re- 
g"l!arity  of  their  motions,  and  the  exactness  with 
which  they  accomplish  their  destined  rounds — all 
which  circumstances  evidently  show  that  He  who 
contrived  the  universe  is  "  tlie  only  wise  God," 
who  is  ■'  wonderful  In  counsel  and  excellent  in 
working."  Here,  in  fine,  is  a  display  of  hound- 
less  benevolence;  for  we  cannot  suppose,  for  a 
moment,  that  so  many  myriads  of  magnificent 
globesjfitted  to  be  the  centers  of  a  countless  num- 
ber of  mighty  worlds,  should  be  nothing  else  than 
barren  wastes,  without  the  least  relation  to  intel- 
ligent existence;  and  if  they  are  peopled  with  in- 
tellectual beings  of  various  orders,  how  vast  must 
be  their  numbers,  and  how  overflowing  tiiat  Di- 
vine Beneficence  which  has  provided  for  them  all 
everything  requisite  to  their  existence  and  hap- 
piness. 

In  these  discoveries  of  the  telescope  we  obtain 
a  glimpse  of  the  grandeur  and  the  unlimited  ex- 
tent of  God's  universal  empire.  To  this  empire 
no  boundaries  can  be  perceived.  The  larger  and 
the  moro  ))owerful  our  telescopes  are,  the  farther 
are  we  enabled  to  penetrate  into  those  distant  and 
unknown  regions;  and  however  far  we  penetrate 
into  the  abyss  of  space,  new  objects  of  wonder 
and  magnificence  still  continue  rising  to  our  view, 
affording  the  strongest  presumption  that,  were  we 
to  penetrate  ten  thousand  times  farther  into  those 
remote  spaces  of  immensity,  new  suns,  and  sys- 
tems, and  worlds  would  be  disclosed  to  our  view. 
Over  all  this  vast  assemblage  of  material  exist- 
ence, and  over  all  the  sensitive  and  intellectual 
beings  it  contains,  God  eternally  and  unchangea- 
bly presides;  and  the  minutest  movements,  either 
of  ftie  physical  or  the  intelligent  system,  through- 
out every  department  of  those  vast  dominions, 
arc  at  every  mjnieut  "naked  and  open"  to  his 


omniscient  eye.  What  boundless  intelligence  is 
implied  in  the  superintendence  and  arrangenient  of 
theaflairsof  such  an  uuliniited  empire  !  anu  what 
a  lofty  and  expansive  idea  does  it  convey,  of  Him 
who  sits  on  the  throne  of  Universal  Nature,  and 
whose  greatness  is  unsearchable  !  But  without 
the  aid  of  the  telescoi)ic  tube  we  could  not  bave 
formed  such  ample  conceptions  of  the  greatness, 
either  of  the  Eternal  Creator  himself,  or  of  the 
universe  which  he  hath  brought  info  existence. 

Beside  the  above,  the  following  usis  of  the  tele- 
scope, in  relation  to  science  and  common  life, 
may  be  shortly  noticed : 

In  the  business  of  astronomy,  scarcely  anything 
can  be  done  with  accuracy  witliout  the  assistance 
of  the  telescope.  1.  It  enables  the  astronomer  to 
determine  with  precision  the  transits  of  the  planets 
and  stars  across  the  meri.iian;  and  on  the  accu- 
racy with  vi'hich  these  transits  are  obtained,  a  va- 
riety of  important  conclusions  and  calculations 
depend.  The  computation  of  astronomical  and 
nautical  tables  for  aiding  the  navigator  in  his 
voyages  round  the  globe,  and  facilitating  his  cal- 
culations of  latitude  and  longitude,  is  aerived 
from  observations  made  by  the  telescope,  without 
the  use  of  which  instrument  they  cannot  be  made 
with  precision.  2.  The  apparent  diameters  of  the 
planets  can  only  be  measured  by  means  of  this  in- 
strument, furnished  with  a  micrometer.  By  the 
naked  eye  no  accurate  measurements  of  the  dia- 
meters of  these  bodies  can  be  taken;, and  without 
knowing  their  apparent  diameters  in  minutes  or 
seconds,  their  real  bulk  cannot  be  deternnned, 
even  although  their  exact  distances  be  known. 
The  differences,  too,  between  the  polar  and  equa- 
torial diameters  cannot  be  ascertained  without  ob- 
servations made  by  powerful  telescopes.  l''or  ex- 
ample, the  equatorial  diameter  of  Jupiter  is  found 
to  be  in  propoition  to  the  polar  as  14  to  18,  that 
is,  the  equatorial  is  more  than  6000  miles  longer 
than  the  polar  diameter,  which  could  never  have 
been  determined  by  observations  made  by  the  na- 
ked eye.  3.  The  parallaxes  of  the  heavenly 
bodies  can  only  be  accurately  ascertained  by  tli? 
telescope;  and  it  is  only  from  the  knowledge  of 
their  parallaxes  that  their  distances  from  the  eartJi 
or  from  the  sun  can  be  determined.  In  the  case 
of  the  fixed  stars,  nothing  of  the  nature  of  a  pa- 
rallax could  ever  be  expected  to  be  found  without 
the  aid  of  a  telescope.  It  was  by  searching  for 
the  parallax  of  a  certain  fixed  star  that  the  im- 
portant fact  of  tlie  Aberration  of  Liyht  was  dis- 
covered. The  observations  for  this  purpose  were 
made  by  means  of  a  telescope  24  feet  long,  fixed 
in  a  certain  position.  4.  The  motions  and  revo- 
lutionary periods  of  Sidereal  Sijsteins  can  only  bo 
determined  by  observations  made  by  telescopes  of 
great  mugnifying  and  illuininaling  powers.  With- 
out a  telescope  the  small  stars  which  accompany 
double  or  treble  stars  cannot  be  perceived,  and 
much  less  their  motions  or  variation  of  their  rela- 
tive positions.  Before  the  invention  of  the  tele 
scope,  such  phenomena,  now  deemed  so  wonderfui 
and  interesting,  could  never  have  been  surmised- 
5.  The  accurate  determination  of  tlie  longitude 
of  places  on  the  earth's  surface  is  ascertained  by 
the  telescope,  by  observing  with  this  instrument 
the  immersions  and  emersions  of  the  satelliles  of 
Jupiter.  From  such  observatioiis,  with  the  aid  of 
a  chronometer,  and  having  the  time  at  any  known 
place,  the  situation  of  any  unknown  fdnce  ia 
easily  determined.  But  the.  eclipses  of  Jupiter's 
moons  can  be  perceived  only  by  teleseojnc  instru- 
ments of  considerable  power.  6.  By  means  of  a 
telescope  with  cross  hairs  in  the  focus  of  the  eye- 
glass, and  attached  to  a  quadrant,  the  altitude  of 
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the  sun  or  of  a  star,  particularly  the  pole-star, 
.may  be  most  accurately  taken,  and  from  such  ob- 
servations tlie  latitude  of  the  place  may  be  readily 
and  accurately  deduced. 

Again,  in  the  Surmijing  of  Land,  the  telescope 
is  particularly  useful;  and  ifor  this  purpose  it  is 
mounted  on  a  stand  with  a  horizontal  and  vertical 
motion,  pointing  out  by  divisions  the.  degrees  and 
minutes  of  iiic.ination  of  th?  iustrunieiit.  For 
the  more  accurate  reading  of  these  divisions,  the 
two  limbs  are  furnished  with  a  nonius,  or  Vcr- 
nier's  Scale.  The  object  here  is  to  take  the  an- 
gular distances  between- distant  objects  on  a  plane 
truly  horizontal,  or  else  the  angular  elevation  or 
depression  of  objects  above  or  below  the  plane  of 
the  horizon.  In  order  to  obtain  either  of  those 
kinds  of  angles  to  a  requisite  degree  of  exactness, 
it  is  necossiiry  that  the  surveyor  should  have  as 
clear  and  di'^tinct  a  view  as  possible  of  the  ob- 
jects, or  station-staves,  which  he  fixes  up  for  his 
purpose,  that  he  may  with  the  greater  certainty 
determine  the  point  of  the  object  wliicli  exactly 
corresponds  with  the  line  he  is  taking.  Now,  as 
such  objects  are  generally  at  too  great  a  distance 
for  the  surveyor  to  be  able  to  distinguish  with  the 
naked  eye,  he  takes  the  assistance  of  the  telescope, 
by  which  he  obtains,  1,  a  distinct  view  of  the  ob- 
ject to  which  his  attention  is  directed,  and,  2,  he 
is  enabli'd  to  determine  the  precise  point  of  the 
object  aimed  at  by  means  of  the  cross  hairs  in  the 
focus  of  th^  ej'eglass.  A  telesco])e  mounted  for 
this  purpose  is  called  a  Theodolile,  which  is  de- 
rived from  two  Gi-eek  words,  Bi:y.xi,  to  sec,  and 
oJbc,  the  tcay  or  distance. 

In  tbe  next  place,  the  telescope  is  an  instrument 
of  special  importance  in  the  conducting  oi.  Tele- 
graphs, and  in  the  conveyance  of  signals  of  all 
descriptions.  Without  its  assistance  telegraphic 
dispatches  could  not  be  conveyed  with  accuracy 
to  any  considerable  distance,  nor  in  quadruple  the 
time  in  which  they  are  now  communicated,  and 
the  different  stations  would  need  to  be  exceedingly 
numerous;  but,  by  the  assistance  of  the  telescope, 
information  may  be  communicuted,  by  a  series  of 
telegraphs,  with  great  rapidity.  Twenty-seven 
telegraphs  convey  information  from  Paris  to  Ca- 
lais, a  distance  of  160  miles,  in  three  minutes; 
twenty-two,  from  Paris  to  Lisle,  in  two  minutes; 
forty-six,  from  Strasburg  to  Paris,  in  four  and  a 
half  minutes;  and  eighty,  from  Paris  to  Brest,  in 
ten  minutes.  In  many  other  cases  which  occur 
both  on  land  and  sea,  the  telescope  is  essentially 
requisite  for  descrying  signals.  The  Bell-Rock 
Lightlmuse,  for  example,  is  situated  twelve  miles 
from  Arbroath,  and  from  every  other  portion  of 
land,  so  that  the  naked  eye  could  not  discern  any 
signal  which  the  keepers  of  that  light  could  have 
it  in  their  power  to  make;  but  by  means  of  a 
large- telescope  in  the  station-house  in  Arbroath, 
the  hoisting  of  a  ball  every  morning  at  9,  a.  u-, 
which  indicates  that  "All  is  well,"  may  be  dis- 
tinctly recognized. 

Many  other  uses  of  this  instrument,  in  the  or- 
dinary transactions  of  life,  will  readily  occur  to 
the  reader,  and  therefore  I  shall  only  mention  the 
following  purpose  to  which  it  may  be  applied, 
namely. 

To  measure  the  Distance  of  an  Object  from  one 


Station. — This  depends  U])on  the  increase  of  tho 
focal  distance  of  the  telescope  ii>  the  case-  of  near 
objects.  Look  through  a  telescope  at  the  object 
Vv'hose  distance  is  required,  and  adjust  the  focuB 
until  it  appear/quite  distinct;  then  slide  in  the 
drawer  until  the  object  begins  to  be  obscure,  and 
mark  that  place  of  the  tube  precisely;  next  draw 
out  tlie  tube  until  the  object  begins  to  be  again 
obscured,  and  then  make  another  mark  as  before; 
then,  take  the  middle  point  between  these  two 
marks,  and  that  will  be  the  point  where  the  image 
of  the  object  is  formed  most  distinctly,  which  is 
to  be  nicely  measured  from  the  object-lens,  and 
compared  with  the  solar  focus  of  the  lens  or  tele- 
scope, so  as  to  ascertain  their  dilT'rence.  And 
the  rule  for  finding  the  distance  is:  as  the  differ- 
ence between  the  focal  distance  of  the  obji^ct  and 
the  solar  focal  distance  is  to  the  solar  focal  dis 
tance,  so  is  the  focal  distance  of  the  object  to  its 
true  distance  from  the  object-lens.  An  example 
will  render  this  matter  more  perspicuous  : 


Let  A  B  (fig.  84)  be  the  object-lens,  E  Y  the 
eyeglass,  F  C  the  radius,  or  focus  of  the  lens  A  B, 
and  Cf  the  focal  distance  of  the  object  O  B, 
whose  distance  is  to  be  measured.  Now  suppose 
C  F'=i8  inches,  or  four  feet,  and  that  we  find  by 
the  above  method  that  Cf  is  50  inches,  then  Ff 
is  two  inches;  and  the  analogy  is,  as  Ff=2  is  to 
C  F=48,  so  is  C/=50  to  C  Q=1200  inches,  or 
100  feet.  Again,  suppose  C/=49  inches,  then 
will  F f^l  inch;  and  the  proportion  is,  1  :  43 
:  :  49  :  2352=Q  C,  or  196  feet.  A  telescope  of 
this  focal  length,  however,  will  measure  only 
small  distances.  But  suppose  A  B  Sl.  lens  whose 
solar  focus  is  12  feet,  or  144  inches,  and  that  vre 
find  by  the  above  method  that  (J f,  or  the  focal  dis- 
tance of  the  object,  is  146  inches,  then  will  F  f 
be  two  inches,  and  the  proportion  will  be  as  2  : 
144  :  :  146  :  21024  inches,  or  1752  feet=the  dis- 
tance Q  C.  If  with  such  a  large  telescope  we 
view  an  object  @  B,  and  find  J'/ but  l-l(Jth  of 
an  inch,  this  will  give  the  distance  of  the  «bject 
as  17,292  feet,  or  nearly  33>^d  miles. 

Since  the  diiference  between  the  radius  of  the 
object-lens  and  the  focal  distance  of  the  object  is 
so  considerable  as  two  inches  in  a  tube  of  four 
feet,  and  more  than  twelve  inches  in  one  of  twelve 
feet,  a  method  might  be  contrived  for  determining 
the  distance  of  near  objects  by  the  former,  and 
more  distant  objects  by  the  latter,  by  inspection 
only.  This  may  be  done  by  adjusting  or  drawing 
a  spiral  lino  round  the  drawer  or  tube  through  the 
two-inch  space  in  the  small  telescope,  and  by  cal- 
culation graduate  it  for  every  100  feet  and  tlie  in- 
termediate inches,  and  then,  at  the  same  time  we 
view  an  object,  we  may  see  its  distance  on  the 
tube.  In  making  such  experiments,  a  common 
object-glass  of  a  long  focal  length,  and  a  single 
eyeglass,  are  all  that  is  requisite,  since  the  inverted 
appearance  of  the  object  can  cause  no  great  in- 
convenience. 


CHAPTER    VII. 

ON  THE  METHOD  OF  GRINDING  AND  POLISHING  OPTICAL  LENSES  AND 

SPECULA. 


I  ORIGINALLY  intended  to  enter  into  particular 
details  oil  this  subject  for  the  purpose  of  gratifying 
those  mechanics  and  others  who  wish  to  amuse 
themselves  by  constructing  telescopes  and  other 
optical  instrunients  for  their  own  use;  but,  having 
dwelt  so  long  on  the  subject  of  telescopes  in  the 
preceding  pages,  I  am  constrained  to  confine  my- 
self to  a  very  general  sketch. 

1.  To  grind  and  polish  Lenses  for  Eyeglasses, 
Microscopes,  <SfC. — First  provide  an  upright  spindle, 
at  the  bottom  of  which  a  pulley  is  fixed,  which 
must  be  turned  by  a  wheel  by  means  of  a  cord 
aud  handle.  At  the  top  of  the  spindle  make  a 
screw  the  same  as  a  latlie-spindle,  on  which  you 
may  screw  chocks  of  diiferent  sizes,  to  which  the 
brass  tool  in  which  the  lens  is  to  be  ground  may 
be  fixed.  Having  fixed  upon  the  breadth  and  fo- 
cal length  of  the  lens,  and  whether  it  is  to  be  a 
piano  or  a  double  convex,  take  a  piece  of  tin-plate 
or  sheet  copper,  and  with  a  pair  of  compasses 
draw  an  arch  upon  its  surface,  near  one  of  its  ex- 
tremitie.--,  with  a  radius  equal  to  the  focal  distance 
of  the  lens,  if  intended  to  be  double-  convex,  or 
with  half  that  distance  if  it  is  to  be  plano-convex. 
Remove  with  a  file  that  part  of  the  copper  which 
is  without  tiie  circular  arch,  and  then  a  convex 
gauge  is  formed.  With  the  same  radius  strike 
another  arch,  and  having  removed  that  part  of 
tlie  copper  which  is  within  it,  a  concave  gauge  will 
be  obtained.  The  brass  tool  in  which  the  glass 
is  to  be  ground  is  then  to  be  fixed  upon  a  turning- 
lathe,  and  turned  into  a  poriion  of  a  concave 
sphere,  so  as  to  correspond  to  the  convex  gauge. 
In  order  to  obtain  au  accurate  figure  to- the  con- 
cave tool,  a  convex  tool  of  exactly  the  same  radius 
is  generally  formed,  and  they  are  ground  one  upon 
another  vvitli  flour  of  emery,  and  when  they  ex- 
actly coincide  thej-  are  fit  for  use.  The  convex 
tool  will  serve  for  grinding  concave  glasses  of  the 
same  radius;  and  it  should  be  occasionally  ground 
in  the  concave  tool  to  prevent  it  from  altering  its 
figure. 

The  next  thing  to  be  attended  to  is  to  prepare 
the  piece  of  glass  which  is  to  he  ground,  by  chi;)- 
ping  it  in  a  circular  shape  by  means  of  a  large 
pair  of  scissors,  and  removing  the  roughness  from 
its  edges  by  a  common  grindstone.  The  faces 
of  the  glass  near  the  edges  should  likewise  be 
ground  on  the  grindstone  until  they  nearly  fit  the 
concave  gauge,  by  whicli  t'le  labor  of  grinding  in 
tJie  tool  will  be  considerably  saved.  The  next 
thing  required  is  to  prepare  the  emery  for  grind- 
ing, wliich  is  done  in  the  following  manner  :  Pro- 
Tide  four  or  five  clean  earthen  vessels  :  fill  one  of 
them  with  water,  and  put  into  it  a  pound  or  half 
a  pound  of  fine  emery,  and  stir  it  about  with  a 
jftick;  al'ter  wliich,  let  it  stand  three  or  four 
seconds,  and  then  pour  it  into  another  vessel, 
which  may  stand  about  ten  seconds:  then  pour  it 
off  again  into  the  several  vessels  until  the  water 
is  quite  clear,  and  by  this  means  emery  of  differ- 
ent degrees  of  fineness  is  obtained,  which   must 


be  kept  separate  from  each  other,  ana  worked  in 
their  proper  order,  beginning  at  the  first,  and 
working  off  all  the  marks  of  the  grindstone;  then 
take  of  the  second,  next  of  the  third,  &c.,  holding 
the  glass  upon  the  pan  or  tool  with  a  light  hand 
when  it  comes  to  be  nearly  fit  for  polishing.  The 
glass,  in  this  operation,  should  be  cemented  to  a 
wooden  handle  by  means  of  pitch  or  other  strong 
cement.  After  the  finest  emery  has  been  used, 
the  roughness  which  remains  may  be  taken  away, 
and  a  slight  polish  given,  by  grinding  the  glass 
with  pounded  pumice-stone.  Before  proceeding 
to  the  polishing,  the  glass  should  be  ground  as 
smooth  as  possible,  and  all  the  scratches  erased, 
otherwise  the  polishing  will  become  a  teciious  pro- 
cess. The  polishing  is  performed  as  follows  :  Tie 
a  piece  of  linen  rag  or  fine  cloth  abcyit  the  tool, 
and  with  fine  putty  (calcined  tin)  or  colcothar  of 
vitriol  (a  very  fine  powder,  sometimes  called  the 
red  oxide  of  iron),  moistened  with  water,  continue 
the  grinding  motion,  and  in  a  short  time  there 
will  be  an  excellent  polish. 

In  order  to  grind  lenses  very  accurately  for  the 
finest  optical  purposes,  particularly  object-glasses 
for  telescopes,  the  concave  tool  is  firmly  fixed  to 
a  table  or  bench,  and  the  glass  wrought  upon  it 
by  the  hand  with  circular  strokes,  so  that  its  cen- 
ter may  never  go  beyond  the  edges  of  the  tool. 
For  every  six  or  seven  circular  strokes,  the  glass 
should  receive  two  or  three  cross'ones  along  the 
diameter  of  the  tool,  and  in  different  directions; 
and,  while  the  operation  is  going  on,  the  convex 
tool  should,  at  the  end  of  five  minutes,  be  wrought 
upon  the  concave  one  for  a  few  seconds,  in  order 
to  preserve  the  same  curvature  to  the  tools  and  to 
the  glass.  The  finest  polish  is  generally  given  in 
the  following  way:  Cover  the  concave  tool  with  a 
layer  of  pitch,  hardened  by  the  addition  of  a  little 
resin,  to  the  thickness  of  l-15th  of  an  inch;  then, 
having  taken  a  piece  of  thin  writing  paper,  press 
it  upon  the  surface  of  the  pitch  with  the  convex 
tool,  and  pull  the  paper  quickly  from  the  pitch 
before  it  has  adhered  to  it;  and  if  the  surface  of 
the  pitch  is  marl:ed  everywhere  with  the  lines  of 
the  paper,  it  will  be  truly  spherical.  If  any  paper 
remains  on  the  surface  of  the  pitch,  it  maybe 
rubbed  oft'  by  soap  and  water;  and  if  tlie  marks 
of  the  paper  should  not  appear  on  any  part  of  it, 
the  operation  must  be  repeated  until  the  ])olisher 
or  bed  of  pitch  is  accurately  spherical.  The  glass 
is  then  to  be  wrought  on  the  polisher  by  circular 
and  cross  strokes  with  the  putty  or  colcothar 
until  it  has  received  a  complete  polish.  When  one 
side  is  finished,  the  glass  must  be  separated  from 
its  handle  by  inserting  the  point  of  a  knife  be- 
tween it  and  the  pitch,  and  giving  it  a  gentle 
stroke.  The  pitch  which  remains  upon  the  glass 
may  be  removed  by  rubbing  it  with  a  little  oil,  or 
spirits  of  wine.  The  operation  of  ])olisliing  on 
cloth  is  slower,  and  the  polish  less  p'rfect  than  on 
pitch;  but  it  is  a  mode  best  fitted  for  those  who 
have  little  experience,  and  who  would  be  apt,  ia 
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the  first  instance,  to  injure  the  figure  of  the  lens 
by  polishing  it  on  ti  bed  of  pitcli. 

2.  On  the  method  of  casting  and  grinding  the 
Specula  of  Rejlecling  Telescopes. — The  first  thing 
to  be  considered  in  the  iorination  of  refiecting 
telescopes  is  tlie  composition  of  the  metal  of  which 
the  specula  are  made.  The  qualities  required  are, 
a  souni>,  uniform  metal,  free  from  all  micro- 
scopic pores,  not  liable  to  tarnish  by  absorption 
of  moisture  fronj  t!;.'  atmosphere — not  so  hard  as 
to  be  incajiable  of  taking  a  good  figure  and  polish, 
nor  so  soft  as  to  be  easily  scratched,  and  possess- 
ing a  high  reflecting  power.  Various  composi- 
tions have  been  used  for  this  purpose,  of  which 
the  following  are  specimens:  Take  of  geod 
Swedish  copper  ,'12  ounces,  and  when  melted, 
add  I4I2  ounces  of  grain  tin  to  it;  then,  having 
taken  off  the  scoria,  cast  it  into  an  ingot.  This 
metal  must  be  a  second  time  melted  to  cast  a 
speculum;  but  it  will  fuse  in  this  compound  state 
with  a  small  heat,  and  therefore  wi|l  not  fcalcine 
the  tin  to  putty.  It  should  be  poured  off  as  soon 
as  it  is  melted,  giving  it  no  more  heat  than  is  ab- 
solutely necessary.  The  best  method  for  giving 
the  melted  metal  a  good  surface  is  this:  the  mo- 
ment before  it  is  poured  off,  throw  into  the  cruci- 
ble a  spoonful  of  cliarcoal-dust;  immediately  after 
which,  the  metal  must  be  stirred  with  a  wooden 
spatula  and  poured  into  the  molds.  The  fol- 
lowing is  another  composition  somev/hat  similar: 
Take  two  parts  of  copper  as  pure  as  it  is  possible 
to  procure:  this  must  be  melted  in  a  crucible  by 
itself;  then  put,  in  another  crucible,  one  part  of 
pure  grain  tin:  when  they  are  both  melted,  mix 
and  stir  them  with  a  wooden  spatula,  keeping  a 
good  fiu}?  on  the  melted  surface  to  prevent  oxyda- 
tion,  and  then  pour  the  metal  quickly  into  the 
molds,  which  may  be  made  of  founders'  loam. 

The  composition  suggested,  more  than  half  a 
century  ago,  by  the  .Rev.  Mr.  Edwards,  has  often 
been  referred  to  with  peculiar  approbation.  This 
gentleman  took  a  great  deal  of  pains  to  discover 
the  best  compositioni  and  to  give  his  metals  a  fine 
polish  and  the  true  parabolical  figure.  His  tele- 
scopes were  tried  by  Dr.  Maskelyue,  the  astrono- 
mer royal,  who  found  them  greatly  to  excel  in 
brightness,  and  to  equal  in  other  respects  those 
made  by  the  best  artists.  They  showed  a  white 
object  perfectly  white,  and  all  objects  of  their 
proper  color.  lie  found,  after  trying  various 
combinations,  the  following  to  be  the  best,  name- 
ly, 32  ounces  of  copper,  with  15  or  16  ounces  of 
grain  tin  (according  to  the  purity  of  the  copper), 
with  the  addition  of  one  ounce  of  brass,  one  of 
silver,  and  one  ounce  of  arsenic.  This,  he  affirms, 
will  form  a  metal  capable,  when  polished  in  a 
proper  manner,  of  reflecting  more  light  than  any 
other  metal  yet  made  public. 

The  Rev.  J.  Little,  in  his  observations  on  this 
subject  in  the  "  Irish  Transactions,"  proposes  the 
following  composition,  which  he  found  to  answer 
the  purpose  better  than  any  he  had  tried,  namely, 
32  parts  of  best  bar  copper,  previously  fluxed  with 
the  black  flux  of  2  parts  tartar  and  1  of  niter, 
4  parts  of  brass,  16  parts  of  tin,  and  I^j.  of  arse- 
nic. If  the  metal  be  granulated,  by  pouring  it, 
when  first  melted,  into  water,  and  then  fused  a 
second  time,  it  will  be  less  porous  than  at  first.  In 
this  process,  the  chief  object  is  to  hit  on  the  ex- 
act point  of  the  saturation  of  the  copper,  &c.,  by 
the  tin;  for  if  the  latter  be  added  in  too  great 
quantity,  the  metal  will  be  dull  colored  and  soft; 
if  too  liltii'.  it  will  not  alt-iin  tiie  most  perfect 
whiteness,  and  will  certainly  tarnish.* 

*  fr:xti  Transactions,  vol.  x;  and  Nicholson's  B|iilosophi- 
cat  Journal  vul.  xvi. 


When  the  metal  is  cast,  and  prepared  by  tha 
common  grindsione  for  receiving  its  proper  figure, 
the  gauges  and  griiiding-tools  are  to  be  formed  in 
the  same  manner  as  formerly  described  for  lenses, 
with  this  diiference,  that  the  radius  of  the  gauges 
must  always  be  double  the  focal  lengtii  of  the 
speculum,  as  the  focus  of  parallel  rays  by  reflec- 
tion is  at  one  half  the  rauius  of  concavity.  In 
addition  to  the  concave  and  convex  tools,  which 
should  be  only  a  little  broader  than  the  metiil 
itseli,  a  convex  elliptical  tool  of  lead  and  tin  should 
be  foi'uied  with  the  same  radius,  so  tliat  its  trans- 
verse should  be  to  its  conjugate  diameter  as  10  to 
9,  the  lutter  being  exactly  equal  to  the  diameter 
of  the  metal.  I'ne  grinning  of  the  speculum  is 
then  to  be  commenced  on  this  tool  witii  coarse 
emery  powder  and  water,  when  the  rouglmess  is 
taken  off  by  moving  the  speculum  across  the  tool 
in  dift(?rent  directions,  walking  round  the  post  on 
which  the  tool  is  fixed,  holding  the  speculum  by 
the  wooden  handle  to  which  it  is  cemented;  it  is 
then  to  be  wrought  witli  great  care  on  the  convex 
brass  tool,  with  circular  and  cross  strokes,  and 
with  emery  of  different  degrees — the  concave  tool 
being  sometimes  ground  upon  the  convex  one,  to 
keep  them  all  of  the  same  radius — and  when  every 
scratch  is  removed  from  its  surface,  it  will  be  fit 
for  receiving  the  final  polish. 

When  the  metal  is  ready  for  polishing,  the  el- 
liptical tool  is  to  be  covered  with  black  pitch 
about  l-20th  of  an  inch  thick,  and  the  polisher 
formed  in  the  same  way  as  in  the  case  of  lenses 
either  with  the  concave  brass  tool  or  with  the 
metal  itself.  Thecolcotharof  vilriol  should  then  be 
triturated  hetv/een  two  surfaces  of  glass,  and  a 
considerable  quantity  of  it  applied  at  first  to  the 
surface  of  the  polisher.  The  speculum  is  then 
to  be  wrought  in  the  usual  way  upon  the  polish- 
ing tool  until  it  has  received  a  brilliant  luster, 
taking  care  to  us-^  no  more  of  the  colcofhar,  if  it 
can  be  avoided,  and  only  a  small  quantity  of  it, 
if  it  should  be  found  necessary.  When  the  metal 
moves  stiffly  on  the  polisher,  and  the  colcothar 
assumes  a  dark,  muddy  hue,  the  polish  advances 
with  great  rapidity.  The  tool  will  then  grow 
warm,  and  would  probably  stick  to  the  speculum 
if  its  motion  were  discontinued  for  a  moment. 
At  this  stage  of  the  process,  therefore,  we  must 
proceed  Willi  great  caution,  br'iathing  continually 
on  the  polisher  until  the  friction  is  so  great  as  to 
retard  the  motion  of  the  speculum.  When  this 
happens,  the  metal  is  to  be  slipped  off  the  tool  at 
one  side,  cleaned  with  soft  leather,  an-^  placed  in 
a  tube  for  the  purpose  of  trying  its  performance; 
and  if  the  polishing  has  been  conducted  with  care, 
it  will  be  found  to  have  a  true  parabolic  figure.* 

It  was  formerly  the  practice,  before  the  specu- 
lum was  brought  to  the  polisher,  to  smooth  it  on 
a  bed  of  hones,  or  a  convex  tool  made  of  the  best 
blue  stone,  such  as  clockmakers  use  in  polishing 
their  work,  which  was  made  one-fourth  part 
larger  than  the  metal  which  was  to  be  ground 
upon  it,  and  turned  as  true  as  possible  to  a  gauge; 
but  this  tool  is  not  generally  considered  as  abso- 
lutely necessary,  except  when  silver  and  brass 
enter  into  the  composition  of  the  metal,  in  order 
to  remove  the  roughness  which  remains  after 
grinding  witii  the  emery. 

To  try  the  Figure  of  the  Metal. — In  order  to 
this,  the  speculum  must  he  placed  in  the  tube  of 
the  telescope  for  which  it  is  intended,  and  at 
about  20  or  30  yards  distant  there  should  be  put 
up  a  watch-paper,  or  similar  object,  on  which 
there  are  some  very  fine  strokes  of  an  engraver. 

*  Brewster's  Appendix  to  "  Fergnson's  Lectures." 
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An  annular  kind  of  diagram  should  be  made  with 
card-paper,  so  as  to  cover  a  circular  portion  of 
the  middle  part  of  the  speoulum,  betvveea  the  hole 
and  the  circumference",  equal  in  breadth  to  about 
one-eighth  of  its  diameter.  This  paper  ring 
should  be  fixed  in  the  mouth  of  the  telescope,  and 
remain  so  during  the  whole  experiment.  There 
must  likewise  be  two  other  circular  pieces  of  card- 
paper  cut  out,  of  such  sizes  that  one  may  cover 
the  center  of  tiie  metal  by  completely  filling  the 
hole  ill  the  annular  piece  now  described,  and  the 
other  such  a  round  piece  as  shall  exactly  fill  the 
tube,  and  so  broad  as  that  the  inner  edge  just 
touches  the  outward  circumference  of  the  middle 
annular  piece.  All  these  pieces  together  will 
completely  shut  up  the  mouth  of  the  telescope. 
Let  the  round  piece  which  covers  the  center  of 
the  metal  be  removed,  and  adjust  the  instrument 
60  that  the  image  may  be  as  sharp  and  distiuct  as 
possible;  then  replace  the  central  piece,  and  re- 
move the  outside  annular  one,  by  which  means 
the  circumference  only  of  the  speculum  will  be 
exposed,  aud  the  image  now  formed  will  be  from 
the  rays  reflected  from  the  exterior  side  of  the 
metal.  If  the  two  images  formed  by  these  two 
portions  of  the  metal  be  perfectly  sharp  and  equal- 
ly distinct,  the  speculum  is  perfect  and  of  the 
true  parabolic  curve;  if,  on  the  contrary,  the 
image  from  the  outside  of  the  metal  should  not  be 
distinct,  and  it  should  be  necessary  to  bring  the 
little  speculum  nearer  by  the  screw,  the  metal  is 
not  yet  brought  to  the  parabolic  figure;  but  if,  in 
order  to  procure  distinctness,  we  be  obliged  to 
move  the  small  speculum  farther  off,  then  the 
figure  of  the  great  speculum  has  been  carried  be- 
yond the  parabolic,  and  has  assumed  the  hyper- 
bolic form. 

To  adjust  the  Eyehole  of  Gregorian  Reflectors. — 
If  there  is  only  one  eyeglass,  then  the  distance  of 
the  small  hole,  should  be  as  nearly  as  possible  equal 
to  its  focal  length;  but  in  the  compound  Huyge- 
nian  eyepiece,  the  distance  of  the  eyehole  may  be 
thus  found:  Multiply  the  difference  between  the 
focal  distance  of  the  glass  next  to  the  speculum, 
and  the  distance  of  the  two  eyeglasses,  by  the  fo- 
cal distance  of  the  glass  nearest  the  eye;  divide 
the  product  by  the  sum  of  the  focal  distances  of 
tlie  two  lenses,  lessened  by  their  distance,  and  the 
quotient  will  be  the  compound  focal  distance  re- 
quired. "^I'hus,  if  the  focal  distance  of  the  lens 
next  the  speculum  be  three  inches,  that  of  the  lens 


next  the  eye  one  inch,  and  their  distance  two  inches, 
then  the  compound  focal  distance  from  the  eye- 
glass will  be  1=5^^=1^  inch.  The  diameter  of 
the  eyehole  is  always  equal  to  the  quoti-eut  ob- 
tained by  dividing  the  diameter  of  the  great  spe- 
culum by  the  magnifying  power  of  the  telescope. 
It  is  generally  from  i-25fh  to  l-50lh  of  an  inch 
in  diameter.  It  is  necessary,  in  many  cases,  to- 
obtais  from  direct  experiment  an  accurate  determi- 
nation of  the  place  and  size  of  the  eyehole,  as  on 
this  circumstance  depeniis,  in  a  certain  degree,  the 
accurate  performance  of  the  instrument. 

To  center  iJie  two  specula  of  Gregorian  Re/lectors. 
— Extend  two  fine  threads  or  wires  across  the 
aperture  of  the  tube  at  right  angles,  so  as  to  inter- 
sect each  otlier  exactly  in  the  axis  of  the  telescope 
Before  the  arm  is  finally  fastened  to  the  slider, 
place  it  in  the  tube,  and  through  the  eyepiaee 
(without  glasses)  the  intersection  of  the  cross- 
wires  must  be  seen  exactly  in  the  center  of  the 
hole  of  the  arm.  When  this  exactness  is  obtained, 
let  the  arm  be  firmly  riveted  and  soldered  to  the 
slider. 

To  center  Lenses. — The  centering  of  lenses  is  of 
great  importance,  more  especially  for  the  object- 
glasses  of  achromatic  instruments.  The  follow- 
ing is  reckoned  a  good  method:  Let  the  lens  to  be 
centered  be  cemented  on  a  brass  chock,  having  the 
middle  turned  away  so  as  not  to  touch  the  lens 
except  near  the  edge,  which  will  be  hid  when 
mounted.  Tl;is  rim  is  very  accurately  turned  flat 
where  it  is  to  touch  the  glass.  When  the  chock 
and  cement  is  warm,  it  is  made  to  revolve  rapidly; 
while  in  motion,  a  lighted  candle  is  brought  be- 
fore it,  and  its  rofiected  image  attentively  watched. 
If  this  image  has  any  motion,  the  lens  is  not  flat 
or  central;  a  piece  of  soft  wood  must  therefore 
be  applied  to  it  in  the  manner  of  a  turning  tool, 
until  such  time  as  the  light  becomes  stat^onar3^ 
When  the  whole  has  cooled,  the  edges  of  the  lens 
must  be  turned  by  a  diamond,  or  ground  with 
emeiy. 

For  more  particular  details  in  reference  to  grind- 
ing and  polishing  specula  and  lenses,  the  reader  is 
referred  to  Smith's  "  Complete  System  of  Optics," 
Imison's  "School  of  Arts,"  Huyjenii  Opera, 
Brewster's  Appendix  to  "  Ferguson's  Lectures," 
"  Irish  Transactions,"  vol.  x,  or  '•  Nicholson's 
•Tournal,"  vol.  xvi,  Nos.  65,66,  for  January  and 
February,  1807. 


PART   III. 

ON  VARIOUS  ASTRONOMICAL  INSTRUMENTS. 


CHAPTER    I. 

ON     MICROMETERS. 


A  MICROMETER  IS  an  instrument  attached  to  a 
telescope,  in  or.ler  to  measure  small  spaces  in  the 
heavens,  such  as  the  spaces  between  two  stars,  and 
the  diameters  of  the  sun,  moon,  and  planets;  and 
by  the  help  of  which,  the  apparent  magnitude  of 
all  objects  viewed  through  telescopes  may.bemea- 
eured  with  great  exactness. 

There  are  various  descriptions  of  these  instru- 
ments, constructed  with  dirterent  substances  and 
in  various  forms,  of  which  tlie  following  consti- 
tute the  principal  variety:  the  >F;re  Micro'neter — 
the  Sjnde.r's-liiie  Micrometer — the  Polymetric  Re- 
ticle— Divided  Ohjed-glass  Micrometer — Divided 
Eyeglass  Micrometer — Ramsden's  Catoptric  Mi- 
crometer— Rochon's  Crystal  Micrometer — Mas- 
kelyne's  Pris??iaf:e Micrometer^ — Brewster's  Micro- 
metrical  Telescope — Sir  W.  Herschel's  Lamp  Mi- 
crometer— Cavallo's  Mother-of-Pearl  Micrometerj 
and  several  others;  but  instead  of  attempting  even 
a  general  description  of  these  instruments,  1  shall 
confine  myself  merely  to  a  very  brief  descrip- 
tion of  Cavallo's  Micrometer,  as  its  construction 
will  be  easily  understood  by  the  general  reader,  as 
it  is  one  of  the  most  simple  of  these  instruments, 
and  is  so  cheap  as  to  be  procured  for  a  few  shil- 
lings, while  some  of  the  instruments  now  men- 
tioned are  so  expensive  as  to  cost  nearly  as  much 
as  a  tolerably  good  telescope.* 

This  micrometer  consists  of  a  thin  and  narrow 
slip  of  mother-of-;>earl  finely  divided,  which  is 
placed  in  the  focus  of  the  eyeglass  of  a  telescope, 
just  where  the  image  of  the  object  is  formed; 
and  it  may  ho  applied  either  to  a  reflecting  or  a 
refracting  telescope,  provified  the  eyeglass  be  a 
convex  lens.  It  is  about  the  twentieth  part  of 
au  inch  broad,  and  of  the  thickness  of  common 
writing  paper,  divided  into  equal  parts  by  parallel 
lines,  every  fifth  and  tenth  of  which  *is  a  little 
longer  than  the  rest.  The  simplest  way  of  fixing 
it  is  to  stick  it  upon  the  diaphragn:i,  wldch  gene- 
rally stands  within  the  tube,  and  in  the  focus  of 
the  eyeglass.  When  thus  fixed,  if  you  look  through 
the  eyeglass,  t!ie  divisions  of  the  micrometrical 
scale  will  appear  very  distinct,  unless  the  dia- 
phragm is  not  exactly  in  the  focus  of  the  eyeglass, 
iu  which  case  it  must  be  moved  to  the  proper 
place;  or  the  micrometer  may  be  placed  exactly 
in.  the  focus  of  the  eyelens  by  tlie  interposition  of 
a  circular  piece  of  paper,  card,  or  by  means  of 
wax.     If  a  person  should  not  like  to  see  always 


*A  partinuUr  description  of  the  micrometers  here  ennme- 
rr.teil,  and  .-.cveral  others,  will  be  (bund  in  Dr.  Pearson's 
"  Introduction  to  Practical  Astronomv,"  vol.  ii. 
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the  micrometer  in  the  field  of  the  telescope,  then 
the  micrometrical  scale,  instead  of  being  fixed  to 
the  diaphragm,  may  be  fitted  to  a  circular  perfo- 
rated plate  of  brass,  of  wood,  or  even  of  paper, 
which  may  be  occasionally  placed  upon  the  said 
diaphragm.  One  of  these  micrometers,  in  my 
possession,  which  contains  600  divisions  in  an  inch, 
is  fitted  up  in  a  separate  eyetube,  with  a  glass  pecu- 
I  liar  to  itself,  which  slides  into  the  eyepiece  of  the 
telescope  when  its  own  proper  glass  is  taken  out. 

To  ascertain  the  Value  of  the  Divisions  of  this 
Micrometer. — Direct  the  telescope  to  the  sun,  and 
observe  how  many  divisions  of  the  micrometer 
measure  its  diameter  exactly;  then  take  out  of  the 
Nautical  Almanac  the  diameter  of  the  sun  for  the 
day  on  which  the  observation  is  made;  divide  it 
by  the  above-mentioned  number  of  divisions,  and 
the  quotient  is  the  value  of  one  division  of  the 
micrometer  Thus,  suppose  that  26}^  divisions 
of  the  micrometer  measure  the  diameter  of  the 
sun,  and  that  the  Nautical  Almanac  gives  for  the 
measure  of  the  same  diameter  31'  22",  or  1822'': 
divide  1822  by  26.5,  and  the  quotient  is  71",  or  1' 
11",  which  is  the  value  of  one  division  of  the  mi- 
crometer, the  double  of  which  is  the  value  of  two 
divisions,  and  so  on.  The  value  of  the  divisions 
may  likewise  be  ascertained  by  the  passage  of  an 
equatorial  star  over  a  certain  number  of  divisions 
in  a  certain  time.  The  stars  best  situated  for  this 
purpose  arc  such  as  the  following:  cTin  the  Whale, 
R.  A.  370  3X,  Dec.  37'  50"  S.;  ^  in  Orion,  R.  A. 
80°  11'  42",  Dec.  28'  40"  S.;  v  in  the  Lion,  R.  A. 
1710  25'  21",  Dec.  23'  22"  N.;  «  in  Virgo,  R.  A. 
182°  10',  Dec.  33'  27"  N.  But  the  following  is  the 
most  easy  and  accurate  method  of  determining  the 
value  of  the  divisions. 

Mark  upon  a  wall  or  other  place  the  length  ot 
six  inches,  which  may  be  done  by  making  two 
dots  or  lines  six  inches  asunder,  or  by  fixing  a  six 
inch  ruler  upon  a  stand.  Then  place  the  telescope 
before  it,  so  that  the  ruler,  or  six  inch  length  may 
be  at  right  angles  with  the  direction  of  the  tele- 
scope, and  just  57  feet  3)^  inches  distant  from  the 
object-glass  of  the  telescope ;  this  done,  look 
through  the  telescope  at  the  ruler,  or  other  ex- 
tension of  six  inches,  and  observe  how  many  divi- 
sions of  the  microiTieter  are  equal  to  it,  and  that 
same  number  of  divisions  is  equal  to  half  a  de- 
gree, or  30';  and  this  is  all  tliat  is  necessary  for 
the  required  determination  ;  the  reason  of  which 
is,  because  an  extension  of  six  inches  subtends  an 
angle  of  30'  at  the  distance  of  57  feet  S^/g  inches, 
as  may  be  easily  calculated  from  the  rules  of 
Plane  Trigonometry. 
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Fig.  85  exhibits  this  micrometer  scale,  but  shows 
it  four  times  larger  than  the  real  size  of  one  which 
was  adapted  to  a  three  feet  achroniatic  telescope 
magnifying  84  times.  The  divisions  upon  it  are 
the  2UUths  of  an  inch,  which  reach  from  one  edge 
of  the  scale  to  about  the  middle  of  it,  excepting 
every  fifth  and  tenth  division,  which  are  longer. 
Two  divisions  of  tliis  scale  are  very  nearly  equal 
to  one  minute;  and  as  a  quarter  of  one  of  these 
divisions  may  be  distinguished  by  estimation, 
therefore  an  angle  of  one-eighth  of  a  minute,  or 
of  7j/^",  may  be  measured  with  it.  When  a  tele- 
scope magnifies  more,  the  divisions  of  the  micro- 
meter must  be  more  minute.  When  the  focus  of 
the  eyeglass  of  the  telescope  is  sliorter  than  half 
an  inch,  the  micrometer  may  be  divided  with  the 
500ths  of  an  inch;  by  means  of  which,  and  the 
telescope  magnifying  about  200  times,  one  may 
easily  and  accurately  measure  an  angle  smaller 
than  half  a  second.  On  the  other  hand,  when 
the  telescope  does  not  magnify  above  30  times,  the 
divisions  need  not  be  so  minute.  In  one  of  Dol- 
lond's  pocket  telescopes,  which,  when  drawn  out 
for  use,  is  only  14  inches  long,  a  micrometer  with 
the  hundredths  of  an  inch  is  quite  suificient,  and 
one  of  its  divisions  is  equal  to  little  less  than  three 
minutes,  so  that  an  angle  of  a  minute  may  be 
measured  by  it.  Supposing  lll.i  of  those  divi- 
sions equal  to  30',  or  23  to  a  degree,  any  other 
angle  measured  by  any  other  number  of  divisions 
is  determined  by  proportion.  Thus,  suppose  tlie 
diameter  of  the  sun,  seen  through  the  same  tele- 
scope, be  found  equal  to  12  divisions,  say,  as  lljo 
divisions  are  to  30  minutes,  so  are  12  divisions  to 
(  V^ft  5  "  ^  31.3,  which  is  the  required  diameter  of 
the  sun. 

Practical  Uses  of  tJds  Micrometer. — This  micro- 
meter may  be  applied  to  the  following  purposes; 
1.  For  measuring  the  apparent  diameters  of  the 
Bun,  moon,  and  planets.  2.  For  measuring  the 
apparent  distances  of  the  satellites  from  their 
primaries.  3.  Formeasuring  the  cusps  of  the  moon 
in  eclipses.  4.  For  measuring  the  apparent  distan- 
ces between  two  contiguous  stars — between  a  star 
and  a  planet — between  a  star  and  the  moon— or 
between  a  comet  and  the  contiguous  stars,  so  as  to 
determine  its  path.  5.  For  finding  the  difference 
of  declination  of  contiguous  stars,  when  they 
have  nearly  the  same  right  ascension.  6.  For 
measuring  the  small  elevations  or  depressions  of 
objects  above  and  below  the  horizon.  7.  For 
measuring  the  proportional  parts  of  buildings, 
and  other  objects  in  perspective  drawing.  8.  For 
ascertaining  whether  a  ship  at  sea,  or  any  moving 
object,  is  coming  nearer  or  going  farther  off;  for  if 
the  angle  subtended  by  the  object  appears  to  in- 
crease, it  siiows  that  the  object  is  coming  nearer, 
and  if  the  angle  appears  to  decrease,  it  indicates 
that  the  object  is  receding  from  us.  9.  For  ascer- 
taining the  real  distances  of  objects  of  known 
extension,  and  hence  to  measure  hights,  depths, 
and  horizontal  distances.  10.  For  measuring  the 
real  extensions  of  objects  when  their  distances  are 
known.  11.  For  measuring  the  distance  and  size 
of  an  object  when  neither  of  them  is  known. 

When  the  micrometer  is  adapted  to  those  tele- 
Bcopes  which  have  four  glasses  in  the  eyetube, 
md  ivhe.n  the  eyetube  onbj  is  used,  it  may  be  applied 
lo  the  following  purposes:  1.  For  measuring  t!ie 
real  or  lineal  dimensions  of  small  objects,  instead 
of  the  angles;  for  if  the  tube  be  unscrewed  from 
the  rest  of  the  telescope,  and  applied  to  small  ob- 
jects, it  Vi^ill  serve  for  a  microscope,  having  a  con- 
tiderable  magnifying  power,  as  we  have  already 
shown  (p.  97) ;  and  the  micrometer,  in  that  case,  will 
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measure  the  lineal  dimensions  of  the  object,  as  the 

diameter  of  a  hair,  the  length  of  a  flea,  or  the  limbs 
of  an  insect.  In  order  to  lliid  the  value  of  the  di- 
visions for  this  purpose,  we  need  only  apply  a  ruler, 
divided  into  tenths  of  an  inch,  to  the  end  of  the  tube, 
and  looking  tlirough  the  tube,  observe  how  many 
divisions  of  the  micrometer  measure  one-tenth  of 

Fig.  85. 
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an  inch  on  the  ruler,  which  will  give  the  required 
value.  Thus,  if  30 divisions  are  equal  to  l-lOth  of 
an  inch,300of  them  must  be  equal  lo  the  3U0th  part 
of  an  inch.  2.  For  measuring  the  magnifying 
power  of  other  telescopes.  This  is  done  by  mea- 
suring the  diameter  of  the  pencil  of  light  at  the 
eye-end  of  the  telescope  in  question;  for,  if  we 
divide  the  diameter  of  the  object-lens  by  the  di- 
ameter of  this  pencil  of  light,  the  quotient  will 
express  how  many  times  that  telescope  magnifies 
in  diameter.  Thus,  suppose  that  300  divisions  of 
the  micrometer  are  equal  to  the  apparent  exten- 
sion of  one  inch — that  the  pencil  of  light  is  mea- 
sured  by  four  of  these  divisions — and  that  the 
diameter  of  the  object-lens  measures  one  inch 
and  two  tenths:  Multiply  1.2  by  300,  and  the 
product  360,  divided  by  4,  gives  90  for  the  mag- 
nifying power  of  the  telescope. 

Problems  which  matj  be  solved  by  this  Micrometer. 
— I.  The  angle — not  exceeding  one  degree — which 
is  subtended  by  an  extension  of  one  foot,  being 
given,  to  find  its  distance  from  the  place  of  eb- 
servation :  Rule  1.  If  the  angle  be  expressed  in 
minutes,  say  as  the  given  angle  is  to  60,  so  is 
687.55  to  a  fourth  proportional,  which  gives  the 
answer  in  inches.  2.  If  the  angle  be  expressed 
in  seconds,  say,  as  the  given  angle  is  to  3600,  so 
is  687.55  to  a  fourth  proportional,  which  expresses 
the  answer  in  inches.  3.  If  the  angle  be  express- 
ed in  minutes  and  seconds,  turn  it  all  into  seconds, 
proceed  as  above.  Example:  At  what  distance  is  a 
globe  of  one  foot  in  diameter  when  it  subtends 
an  angle  of  two  seconds?  2  :  3600  :  :  687.55  : 
3jm)+.6A1^5^=1237596    inches,    or    103132)^ 


feet=the  answer  required.  II.  The  angle  whifth 
is  subtended  by  any  known  extension  being  given, 
to  find  its  distance  from  the  place  of  observation: 
Rule:  Proceed  as  if  the  extension  were  of  one 
foot,  by  Problem  I,  and  call  the  answer  B;  then, 
if  the  extension  in  question  be  expressed  in  inches, 
say  as  12  inches  are  to  that  extension,  so  is  B 
to  a  fourth  proportional,  which  is  the  answer 
in  inches.  But  if  the  extension  in  question  be 
expressed  in  feet,  then  we  need  only  multiply  it 
by  B,  and  the  product  is  the  answer  in  inches. 
Example:  At  what  distance  is  a  man  six  feet  high 
when  he  appears  to  subtend  an  angle  of  30"? 
By  Problem  I,  if  the  man  were  one  foot  high  the 
distance  would  be  82506  inches;  but  as  he  is  six 
feet  high, therefore  multi])ly  82506  by  6,  and  the 
product  is  the  required  distance,  namely,  495036 
inches,  or  41253  feet. 

For  greater  convenience,  especially  in  travel- 
ing, wheu  one  has  not  the  op|)ortunity  of  making 
such  calculations,  the  two  follovi'ing  tables  have 
been  calculated,  the  first  of  which  shows  the  dis- 
tance answering  to  any  angle  from  one  miimte  to 
one  degree,  which  is  subtended  by  a  man  whose 
bight  is  considered  an  extension  of  six  feet,  be- 
cause at  a  mean,  such  is  the  hight  of  a  man  when 
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dressed  with  hat  and  sliocs  on.  These  tables  may 
be  transcribed  on  a  card,  and  may  be  kept  always 
ready  with  a  pocket  telescope  furnished  with  a 
micrometer.  Tlieir  use  is  to  ascertain  distances 
Withciit  any  calculations:  and  tiiey  are  calculated 
only  to  minutes,  because  with  a  pocket  telescope 
and  ailcrometer  it  is  not  possible  to  measure  an 
angle  more  accurately  than  to  a  minute.  'I'lius, 
if  we  want  to  measure  the  extension  of  a  street, 
let  a  foot  ruler  be  placed  at  the  end  of  the  street; 
measure  the  angular  appearance  of  it,  which  sup- 
pose to  be  36',  and  in  the  table  we  have  the  re- 
quired distance  against  36',  which  is  95}^  feet. 
Thus,  also,  a  man  who  appears  to  be  49'  high  is 
at  the  distance  of  421  feet.  Again:  Suppose  the 
trunk  of  a  tree,  which  is  known  to  be  three  feet 
in  diameter,  be  observed   to  subtend  an  angle  of 


0}4'.  Take  the  number  answering  to  9'  out  of  the 
table,  namely  .'ibS,  and  subtract  from  it  a  propor- 
(ioiial  part  for  the  half  minute,  namely  19.1, 
which,  subtracted  from  382,  leaves  3G2.'.:).  This 
multiplied  by  3,  the  diameter  of  tiie  tree,  produces 
1U&7.  7  feet=the  distance  from  the  object-end  of 
the  telescope. 

In  this  way  the  distance  of  a  considerably  re- 
mote object,  as  a  town  or  building  at  ten  or  twelve 
miles'  distance,  may  be  very  nearly  determined, 
provided  we  have  tlie  lineal  dimensions  of  a  house 
or  other  object  that  stands  at  right  angles  to  the 
line  of  vision.  The  breadth  of  a  river,  of  an  arm 
of  the  sea,  or  the  distance  of  a  lighthouse,  whose 
elevation  above  the  sea  or  any  other  point  is 
known,  may  likewise,  in  this  manner  be  easily 
determined. 
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CHA  PT  ER  11. 

ON  THE  EQUATORIAL  TELESCOPE,  OR  PORTABLE  OBSERVATORY. 


The  equatorial  instrument  is  intended  to  answer 
a  number  of  useful  purposes  in  Practical  Astrono- 
my, independently  of  any  particular  ohservafory. 
Beside  answering  the  general  purpose  of  a  quad- 
rant, a  transit  instrument,  a  theodolite,  and  an 
azimuth  instrument,  it  is  almost  the  only  instru- 
ment adapted  for  viewing  the  stars  and  planets  t« 
the  day-time,  and  for  following  them  in  their  ap- ' 
parent  diurnal  motions.  It  may  be  made  use  of, 
in  any  steady  room  or  place,  and  performs  most 
of  the  useful  problems  in  astronomical  science. 

The  basis  of  all  equatorial  instruments  is  a  re- 
volving axis,  placed  parallel  to  the  axis  of  the 
earth,  by  which  an  attached  telescope  is  made  to 
follow  a  star  ur  other  celestial  body  in  the  arc  of 


its  diurnal  revolution,  without  the  trouble  of  »• 
peated  adjustments  for  changes  of  elevation,  wh  .!h 
quadrants  and  circles  with  vertical  and  liorizo\taI 
axes  require.  Such  an  instrument  is  not  ouly 
convenient  for  many  useful  and  interesting  pur* 
poses  in  celestial  observations,  but  is  essentially 
requisite  in  certain  cases,  particularly  in  exan.in- 
ing  and  measuring  the  relative  positions  of  two 
contiguous  bodies,  or  in  determining  the  diame- 
ters of  the  planets,  when  the  spider's-line  micra> 
meter  is  used. 

Christopher  Scheiner  is  supposed  to  have  b«en 
the  first  astronomer  who,  in  the  year  1620,  made 
use  of  a  polar  axis,  but  without  any  appendage 
of  graduated  circles.    It  was  not,  however,  until 
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the  middle  of  the  lust  century  that  any  instru- 
meuls  of  this  description,  vvorlliy  of  the  name, 
were  attempted  to  be  constructed.  In  1741,  Mr. 
Heiir}-  flindley,  a  cJockmaker  in  York,  added  to 
the  j)olur  axis  an  equatorial  plate,  a  quadrant  of 
altitude,  and  declination  semicircle;  but  when 
this  pi'ce  of  mechanism  was  sent  to  London  for 
sale  in  lUS,  it  remained  unsold  for  the  space  of 
I'.l  years.  Mr.  Short,  the  optician,  published  in 
the  Piiilosopliical  Transactions  for  175!)  a  "de- 
scription of  an  equatorial  telescope,"  which  was 
of  t!ic>  reflecting  kind,  and  was  mounted  over  a 
combination  of  circles  and  semicircles,  which 
were  strong  enough  to  support  a  tube,  and  a  spe- 
culum of  the  Ciregorian  construction  18  inches 
in  focal  length.  This  instrument  consisted  of  a 
somewhat  cumbersome  and  expensive  piece  of 
macliitiery,  a  representation  of  which  may  be 
seen  in  vol.  iii,  of  Martin's  "  Pkilosophia  Britan- 
nica,  or  System  of  tlie  Newtonian  Piiilosopliy." 
Various  modifications  of  this  instrument  iiave 
since  been  made  by  Nairne,  Dolloud,  Ramsden, 
Troughton,  and  other  artists;  but  even  at  the 
present  period  it  h:i3  never  come  into  very  general 
use,  though  it  is  one  of  the  most  pleasant  and 
useful  inslruments  connected  with  astronomical 
observations. 

As  many  of  these  instruments  are  somewhat 
complicated  and  very  expensive,  I  shall  direct  the 
attention  of  the  reader  solely  to  one  which  I  con- 
sider as  the  most  simple,  which  may  be  purchased 
at  a  moderate  expense,  and  is  sufficiently  accu- 
rate for  general  observations. 

The  instrument  consists  of  the  following  parts  : 
A    Jiorizontal  circle,  E  F  {^g.  8G),  divided    into 


four  quadrants  of  90  degrees  each.  There  is  a 
fixed  nonius  at  N;  and  the  circle  is  capable  of 
being  turned  round  on  an  axis.  In  the  center  of 
tl'.e  horizontal  circle  is  fixed  a  strong  upright  pil- 
lar, which  supports  the  center  of  a  vertical  semi- 
circle, A  B,  divided  into  two  quadrants  of  90  de- 
grees each.  This  is  called  the  semicircle  of  alti- 
tude, and  may,  at  any  time,  serve  the  purpose  of 


a  quadrant  in  measuring  either  altitudes  or  de- 
pressions. It  has  a  nonius  plate  at  A'.  At  right 
angles  to  the  ])lune  of  this  semicircle,  the  equato- 
rial circle,  M  N,  is  firmly  fixed.  It  represents  the 
equator,  and  is  divided  into  twice  twelve  hours, 
every  hour  being  divided  into  twelve  parts  of  live 
minutes  each.  Upon  the  equatorial  circle  moves 
another  circle,  with  a  chamfered  edge,  carrying  a 
nonius,  by  which  the  divisions  on  the  equatorial 
may  be  road  off  to  single  minutes;  and  at  right 
angles  to  this  movable  circle  is  fixed  the  semicircle 
of  declinalion,  D,  divided  into  two  quadrants  of 
90  d'grees  each.  Tiie  telescope,  I*  O,  is  sur-u 
mounted  above  this  cii'cle,  and  is  fixed  to  an  in- 
dex movable  on  the  semicircle  of  declination,  and 
carries  a  nonius  opposite  to  Q.  The  telescope  is 
furnished  with  two  or  three  Iluygenian  eyepieces 
and  likewise  with  a  diagonal  eyepiece  for  viewing 
objects  near  the  zenith.  Lastly,  there  are  two 
spirit  levels  fixed  on  the  horizontal  circle  at  right 
angles  to  each  other,  by  means  of  whicli  this  circle 
is  made  perfectly  level  when  observations  are  to 
be  made. 

I'o  adjust  the  Equatorial  for  Observations. — Set 
the  instrument  on  a  firm  support;  then,  to  adjust 
the  levels  and  the  horizontal  circle,  turn  the  horizon- 
tal circle  until  the  beginning  O  of  the  divisions 
coincides  with  the  middle  stroke  of  the  nonius, 
or  near  it.  In  this  situation,  one  of  the  levels 
will  be  found  to  lie  either  in  a  right  line  joining 
the  two  footscrews  which  are  nearest  the  nonius, 
or  else  parallel  to  such  a  right  line.  By  means  of 
the  last  two  screws,  cause  the  bubble  in  tiie  level 
to  become  stationary  in  tlie  middle  of  the  glass; 
then  turn  the  horizontal  circle  half  round  by 
bringing  the  other  O  to  the  nonius;  and  if  the 
bubble  remains  in  the  middle  as  before,  the  level 
is  well  adjusted;  if  it  does  not,  correct  the  posi- 
tion of  the  level  by  turning  one  or  both  of  the 
screws  which  pass  through  its  ends  until  the 
bubble  has  moved  half  the  distance  it  ought  to 
come  to  reach  the  middle,  and  cause  it  to  move 
the  otlier  half  by  turning  the  foot-screws  alreudy 
mentioned;  return  the  horizontal  circle  to  its  first 
position,  and  if  the  adjustments  have  been  well 
made,  the  bubble  will  remain  in  the  middle;  if 
otherwise,  the  process  must  be  repeated  until  it 
bears  this  proof  of  its  accuracy;  then  turn  the 
horizontal  circle  until  90°  stands  opposite  to  the 
nonius;  and  by  the  foot-screw  immediately  oppo- 
site the  other  90°,  cause  the  bubble  of  the  same 
level  to  stand  in  the  middle  of  the  glass;  lastly, 
by  its  own  proper  screws  set  the  other  level  so 
that  its  bubble  may  occupy  the  middle  of  its  glass. 

To  adjust  the  Line  of  ISight. — Set  the  nonius  on 
the  declination  semicircle  at  O,  the  nonius  on  the 
horary  circle  at  VI,  and  the  nonius  on  the  semi- 
circle of  altitude  at  90;  look  through  the  tele- 
scope toward  some  part  of  the  horizon  where 
there  is  a  diversity  of  remote  objects;  level  the 
horizontal  circle,  and  then  observe  what  object 
appears  in  the  center  of  the  cross-wires,  or  in  the 
center  of  the  field  of  view  if  there  be  no  wires; 
reverse  the  semicircle  of  altitude  so  that  the  other 
90°  may  apply  to  the  nonius,  taking  care,  at  the 
same  time,  that  the  other  three  noniuses  continue 
at  the  same  parts  of  their  respective  graduations 
as  before.  If  the  remote  object  continues  to  be 
seen  on  the  center  of  the  cross-wires,  the  line  of 
sight  is  truly  adjusted. 

To  find  the  Correction  to  be  applied  to  Observa- 
tions by  the  Semicircle  of  Altitude. — Set  the  nonius 
on  the  declinalion  semicircle  to  0,  and  the  nonius 
on  the  horary  circle  to  XII;  direct  the  telescope 
to  any  fixed  and  distant  object  by  moving  the 
horizontal  circle  and  semicircle  of  altitude,  and 
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nothing  else;  note  the  degree  and  minute  of  alti- 
tude or  depression;  reverse  the  declination  semi- 
circle by  directing  the  nonius  on  the  horary  circle 
to  the  opposite  XII;  direct  the  telescope  again  to 
the  same  object,  by  means  of  the  horizontal  circle 
and  semicircle  of  altitude,  as  before.  If  its  alti- 
tude or  depression  be  the  same  as  was  observed  in 
the  other  position,  no  correction  will  be  required; 
but  if  otherwise,  half  the  difference  of  the  two 
angles  is  the  correction  to  be  added  to  all  observa- 
tions made  with  that  quadrant,  or  half  of  the 
semicircle  which  shows  the  least  angle,  or  to  be 
subtracted  from  all  the  observations  made  with 
the  other  quadrant,  or  half  of  the  semicircle. 
When  the  levels  and  other  adjustments  are  once 
truly  made,  they  will  be  preserved  in  order  for  a 
length  of  time,  if  not  deranged  by  violence;  and 
the  correction  to  be  applied  to  the  semicircle  of 
altitude  is  a  constant  quantity. 

Descriptionof  the  Nonius. — The  nonius — some- 
times called  the  Vernier — is  a  name  given  to  a 
device  for  subdividing  the  arcs  of  quadrants  and 
other  astronomical  instruments.  It  depends  on  the 
simple  circumstance  that  if  any  line  be  divided  into 
equal  parts,  the  length  of  each  part  will  be  great- 
er the  fewer  thedivisious;  and  contrariwise,  it  will 
be  less  in  proportion  as  those  divisions  are  more 
numerous.  Thus,  in  the  equatorial  now  described, 
the  distance  between  the  two  extreme  strokes  on 
the  nonius  is  exactly  equal  to  eleven  degrees  on 
the  limb,  only  that  it  is  divided  into  twelve  equal 
parts.  Each  of  these  last  parts  will  therefore  be 
shorter  than  the  degree  on  the  limb  in  the  propor- 
tion of  11  to  12,  that  is  to  say,  it  will  be  1-I2th 
part,  or  five  minutes  shorter;  consequently,  if  the 
middle  stroke  be  set  precisely  opposite  to  any  de- 
gree, the  relative  positions  of  the  nonius  and  the 
limb  must  be  altered  five  minutes  of  a  degree  be- 
fore either  of  the  two  adjacent  strokes  next  the 
middle  on  the  nonius  can  be  brought  to  coincide 
with  the  nearest  stroke  of  a  degree;  and  so  like- 
wise the  second  stroke  on  the  nonius  will  require 
a  change  of  ten  minutes,  the  third  of  fifteen,  and 
so  on  to  thirty,  when  the  middle  line  of  the  no- 
nius will  be  seen  to  be  equidistant  between  two 
of  the  strokes  on  the  limb;  after  which,  the  lines 
on  the  opposite  side  of  the  nonius  will  coincide 
In  succession  with  the  strokes  on  the  limb.  It  is 
clear  from  this  that  whenever  the  middle  stroke 
of  the  nonius  does  not  stand  precisely  opposite  to 
any  degree,  the  odd  minutes,  or  distance  between 
it  and  the  degree  immediately  preceding,  may  be 
known  by  the  number  of  the  stroke  marked  on  the 
nonius,  which  coincides  with  any  of  the  strokes 
on  the  limb.*  In  some  instruments  the  nonius- 
plate  has  its  divisions  fewer  than  the  number  of 
parts  on  the  limb  to  which  it  is  equal;  but  when 
once  a  clear  idea  of  the  principle  of  any  nonius 
is  obtained,  it  will  be  easy  to  transfer  it  to  any 
other  mode  in  which  this  instrument  is  contrived- 

To  find  by  this  Equatorial  the  Meridian  Line, 
and  the  Time,  from  one  Observation  of  the 
5uN. — In  order  to  this,  it  is  requisite  that  the  sun's 
declination  and  the  latitude  of  the  place  bf^  known. 
The  declination  of  the  sun  may  be  found  for  every 
day  in  the  Nautical  Almanac,  or  any  other  astro- 
nomical ephemeris;  and  the  latitude  of  the  place 
may  be  found  by  means  of  the  semicircle  of  alti- 
tude, when  the  telescope  is  directed  to  the  sun  or 
a  known  fixed  star.  It  is  likewise  requisite  to 
make  the  observation  when  the  azimuth  and  alti- 
tude of  the  sun  alter  quickly,  and  this  is  general- 
ly the  case  the  farther  that  luminary  is  from  the 
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meridian;  therefore  at  the  distance  of  three  or 
four  hours  either  before  or  afternoon  (in  sum- 
mer), adjust  the  horizontal  circle;  set  the  semi- 
circle of  altitude  so  that  its  nonius  miy  stand  at 
the  colatitude  of  the  place;  lay  the  plane  of  tha 
last-mentioned  semicircle  in  the  meridian  by  es- 
timation, its  0  being  directed  toward  the  depressed 
pole;  place  the  nonius  of  the  declination  semi- 
circle to  the  declination,  wiiether  north  or  south; 
then  direct  the  telescope  toward  the  sun,  partly 
by  moving  the  declination  semicircle  on  the  axi3 
of  the  equatorial  circle,  and  partly  by  moving  the 
horizontal  circle  on  its  own  axis.  There  is  but 
one  position  of  these  which  will  admit  of  the  sun 
being  seen  in  the  middle  of  the  field  of  view. 
When  this  position  is  obtained,  the  nonius  on  the 
equatorial  circle  sl)ows  the  apparent  time,  and  the 
circle  of  altitude  is  in  the  plane  of  the  meridian. 
When  this  position  is  ascertained,  the  meridian 
may  be  settled  by  a  landmark  at  a  distance. 

With  an  equatorial  instrument  nearly  similar  to 
that  now  described,  I  formerly  made  a  series  of 
"  day  observations  on  the  celestial  bodies,"  which 
were  originally  published  in  vol.  xxxvi,  of  "  Ni- 
cholson's Journal  of  Natural  Philosophy,"  and 
which  occupy  twenty  pages  of  that  journal.  Some 
of  these  observations  1  shall  lay  before  the  reader, 
after  having  explained  the  manner  in  which  they 
are  made. 

The  instrument  was  made  by  Messrs.  W.  and 
S.  Jones,  opticians,  Holborn,  London.  The  tele- 
scope which  originally  accompanied  the  instru- 
ment was  an  achromatic  refractor,  its  object-glass 
being  Sjti  inches  focal  distance,  and  one  inch  in 
diameter.  This  telescope,  not  admitting  sufficient- 
ly high  magnifying  powers  for  the  observations 
intended,  v/as  afterward  throvi^n  aside  for  another 
telescope  having  an  object-glass  20  inches  focal 
length  and  1^^  inches  in  diameter,  which  was  at- 
tached to  the  equatorial  machinery  in  place  of  the 
small  telescope.  It  was  furnished  with  magnify- 
ing powers  of  15,  30,  45,  60,  and  100  times.  The 
instiHiment  was  placed  on  a  firm  pedestal  about 
three  feet  high.  J'he  feet  of  this  pedestal  had 
short  iron  pikes,  which  slipped  into  corresponding 
holes  in  the  floor  of  the  aparti-nent  adjacent  to  a 
south  window,  so  that  when  the  direction  of  the 
meridian  was  found,  and  the  circles  properly  ad- 
justed, the  instrument  was  in  no  danger  of  being 
shifted  from  this  position.  Though  this  instru- 
ment generally  stood  fronting  the  southern  part 
of  the  heavens,  yet  the  equatorial  part  along  with 
the  telescope,  could  occasionally  be  removed  to 
another  position  fronting  the  north  and  north-west, 
for  observing  the  stars  in  those  quarters. 

Manner  of  observing  Stars  and  Planets  in  the 
Day-time  by  the  Equatorial. — Before  sucli  observa- 
tion can  be  made,  the  semicircle  of  altitude  must 
1)0  placed  in  the  meridian,  and  the  degree  and  mi- 
nute pointed  out  by  the  nonius  on  the  horizontal 
circle,  when  in  this  position,  noted  down  in  a 
book,  so  that  it  may  be  placed  again  in  the  same 
position,  should  any  derangement  afterward  hap- 
pen. The  semicircle  of  altitude  must  be  set  to 
tlie  colatitude  of  the  place,  that  is,  to  what  the 
latitude  wants  of  90^.  Suppose  the  laliludo  of 
the  place  of  observation  be  52°  30'  north,  this  la- 
titude subtracted  from  90°  leaves  37°  30'  for  the 
colatitude,  and  therefore  the  seinicirrle  of  altitude 
on  which  the  equatorial  circle  is  fixed,  mn.st  be 
elevated  to  37°  30',  and  then  the  equatorial  circle 
on  the  instrument  coincides  with  the  equator  in 
the  heavens.  Lastly,  the  telescope  must  be  adjust- 
ed on  the  declination  semicircle  so  as  exactly  to 
correspond  with  the  declination  of  the  heavenly 
body  to  be  viewed.     If  the  body  is  in  the  equa- 


THE  EQUATORIAL  TELESCOPE. 


127 


tor,  the  telescope  is  set  by  the  index  at  0  on-  the 
Bemicircle  of  declinalion,  or  at  the  middle  point 
between  the  two  quadrants,  and  then,  when  tlie 
telescope  along  with  the  seniicircle  of  declination, 
is  moved  from  right  to  left,  or  the  contrary,  it  de- 
scribes an  arc  of  the  equator.  If  the  declination 
of  the  body  be  north,  the  telescope  is  elevated  to 
the  nortliern  division  of  the  semicircle;  if  south,  to 
the  southern  part  of  it. 

These  adjustments  being  made,  take  the  diffe- 
rence between  the  right  ascension  of  the  sun  and 
the  bodj'  to  be  observed,  and  if  the  right  ascension 
of  the  body  be  greater  than  that  of  the  sun,  sub- 
tract the  difference  from  the  time  of  observation; 
if  not,  add  to  the  time  of  observation.*  The  re- 
mainder in  one  case,  or  tlie  sum  in  the  other,  will 
be  the  hour  and  minute  to  which  the  nonius  on 
the  equatorial  circle  is  to  beset;  which  being  done, 
the  telescope  will  point  to  the  star  or  planet  to 
whose  declinalion  the  instrument  is  adjusted. 
When  the  heavenly  body  is  thus  found,  it  may  be 
followed,  in  its  diurnal  course,  for  hours,  or  as 
long  as  it  remains  above  the  horizon;  for  as  the 
diurnal  motion  of  a  star  is  parallel  to  the  equa- 
tor, the  motion  of  the  telescope  on  the  equatorial 
circle  will  always  be  in  the  star's  diurnal  arc;  and 
should  it  have  left  the  field  of  the  telescope  for 
any  considerable  time,  it  may  be  again  recovered 
by  moving  the  telescope  onward  according  to  the 
time  which  elapsed  since  it  was  visible  in  the  field 
of  view.  We  may  illustrate  what  has  been  now 
stated  by  an  example  or  two:  Suppose  on  the  30th 
of  April,  1841,  at  one  o'clock,  p.  m.,  we  wished  to 
see  the  star  Aldebaran :  the  right  ascension  of  this 
star  is  4h  27m.,  and  the  sun's  right  ascension  for 
that  day  at  noon,  as  found  in  "  While's  Epheme- 
ris  "  or  the  "  Nautical  Almanac,"  is  2h.  30m.;  sub- 
tract this  last  number  from  4h.  27m.,  and  the  re- 
mainder Ih.  57m.,  shows  that  the  star  comes  to  the 
meridian  on  that  day  at  57  minutes  past  1  o'clock 
p.  M.;  and  as  the  time  of  observation  is  1  p.  m.,  the 
iionius  which  moves  on  the  equatorial  circle  must 
be  set  to  three  minutes  past  XI,  as  the  star  is  at  that 
hour  57  minutes  from  the  meridian.  The  declina- 
tion of  Aldebaran  is  16°  11'  north,  to  which  point 
on  the  semicircle  of  declination  the  telescope  must 
be  adjusted,  and  then  the  star  will  be  visible  in  the 
field  of  view.  Again  :  suppose  we  wished  to  observe 
the  planet  Venus  on  1st  of  Jan.,  1842,  at  12  o'clock 
noon:  the  sun's  right  ascension  on  that  day  is  18h. 
46m.,  and  that  of  Venus  I7h.  41m.,  from  which  the 
sun's  right  ascension  being  subtracted,  the  remain- 
der is  22h.  55m.,  or  55  minutes  past  10,  a.  m.  Here, 
8s  the  right  ascension  of  Venus  is  too  small  to  have 
the  sun's  right  ascension  taken  from  it,  we  borrow 
24  hours,  and  reckon  the  remainder  from  XII,  at 
noon.  As  the  planet  at  12  at  noon  is  one  hour  and 
five  minutes  past  the  meridian,  the  nonius  on  the 
equatorial  circle  must  be  set  to  that  point,  and  the 
telescope  adjusted  to  23°  6'  of  south  declination, 
which  is  the  declination  of  Venus  for  that  day, 
when  this  planet  will  appear  in  the  field  of  view. 

OBSERVATIONS    ON   THE    FIXED    STARS    AND    PLANETS, 
MADE   IN    THE    DAY-TIME    BY   THE    EaUATORIAL. 

For  the  purpose  of  illustrating  the  descriptions 
BOW  given,  and  for  affording  som.e  information, 
lespecting  celestial  day  observations,  I  shall  select 


•Or  tind  the  sun's  right  ascension  for  the  given  day;  sub- 
jact  this  from  the  star  or  planet's  right  ascension,  and  the 
.emainder  is  the  apjiroximate  time  of  the  star's  coming  to 
the  meridian.  The  difference  between  this  time  and  the 
time  of  observation  will  then  determine  the  point  to  which 
the  telescope  is  to  be  directed. 


a  few  of  the  observations  above  alluded  to,  which 
I  formerly  published  in  Nicholson's  Journal,  along 
with  a  few  others  which  have  been  since  made. 
These  observations  were  made  with  a  view  to  de- 
termine the  following  particulars:  1.  What  stars 
and  planets  may  be  conveniently  seen  in  the  day- 
time when  the  sun  is  above  the  horizon?  2. 
What  degrees  of  magnifying  power  are  requisite 
for  distinguishing  them?  3.  How  near  their  con- 
junction with  tlie  sun  they  may  be  seen?  and,  4. 
Whether  the  diminution  of  the  aperture  of  the 
object-glass  of  the  telescope,  or  the  increase  of 
magnifying  power,  conduces  most  to  render  a  star 
or  a  planet  vi.nble  in  daylight.  Having  never 
seen  such  observations  recorded  in  books  of  as- 
tronomy or  in  scientific  journals,  I  was  induced  to 
continue  them,  almost  every  clear  day,  for  nearly 
a  year,  in  order  to  determine  the  points  now  spe- 
cified. Some  of  the  results  are  slated  in  the  fol- 
lowing pages. 

Observations  on  Fixed  Stars  nf  the  first  Magni- 
tude. — April  23,  1813,  at  lOh.  16m.,  a.  m.,  the  sua 
being  5).;  hours  above  the  horizon,  saw  the  star 
Vega,  or  a  Lyrae,  very  distinctly  with  a  power  of 
30  times.  Having  contracted  the  aperture  of  the  ob- 
ject-glass to  9-lOths  of  an  inch,  saw  it  on  a  darker 
ground,  but  not  more  plainly  than  before.  Hav- 
ing contracted  the  aperture  still  further  to  half  an 
inch,  I  perceived  the  star,  but  not  so  distinctly  as 
before.  The  sky  being  very  clear,  and  the  star  in 
a  quarter  of  the  heavens  nearly  opposite  to  the  sun, 
I  diminished  the  magnifying  power  to  15,  and 
could  still  perceive  the  star,  but  indistinctly;  it 
was  just  perceptible.  August  23,  at  Oh.  12m.,  p.m. 
saw  the  star  Capella  or  a.  Auriga,  with  a  power  of 
60,  and  immediately  afterward  with  a  power  of 
30,  the  aperture  undiminished.  With  this  last 
power  it  appeared  extremely  distinct,  but  not  so 
brilliant  and  splendid  as  with  the  former  power. 
Having  diminished  the  aperture  to  9-lOths  of  an 
inch,  it  appeared  on  a  darker  ground,  though  in 
the  former  case  it  was  equally  perceptible.  A  few 
minutes  afterward,  could  distinguish  it  with  a 
power  of  15,  the  aperture  being  contracted  to  half 
an  inch.  It  appeared  verj'  small;  it  was  with 
difficulty  the  eye  could  fix  upon  it  in  the  field  of 
the  telescope;  but  when  it  was  once  perceived,  its 
motion  across  the  field  of  view  could  be  readily 
followed.  It  could  not  be  perceived  when  the  di- 
minished aperture  was  removed.  The  sun  was 
then  shining  in  meridian  splendor. 

August  10th,  9h.30m.,  a.  m.,  saw  the  star  Sirius 
with  a  power  of  60,  the  aperture  ccntracted  to 
9-lOths  of  an  inch;  saw  it  likewise  when  the  aper- 
ture was  diminished  to  half  an  inch,  but  not  so 
distinctly  as  through  the  aperture  of  9-lOths  of 
an  inch.  Having  put  on  a  power  of  30,  could 
distinguish  it  distinctly  enough  through  each  of 
the  former  apertures,  and  likewise  when  they 
were  removed,  but  somewhat  more  distinctly 
with  the  apertures  of  9-lOths  and  a  half  inch 
than  without  them.  At  this  time  the  star  was  2h. 
42m.  in  time  of  right  ascension  west  of  the  sun, 
having  an  elevation  above  the  horizon  of  about 
17°  10',  the  sun  shining  bright,  and  the  sky  very 
much  enlightened  in  that  quarter  of  the  heavens 
where  the  star  appeared.  There  was  also  a  con- 
siderable undulation  of  the  air,  which  is  general- 
ly the  case  in  the  hot  mornings  of  summer,  which 
renders  a  star  more  difficult  to  be  perceived  than 
in  the  afternoon,  especially  when  it  is  viewed  at 
a  low  altitude.  June  4th,  Ih.  30m.,  p.  m.,  saw 
Sirius  with  a  power  of  30  with  great  distinctness, 
the  aperture  not  contracted.  The  star  was  then 
within  Ih.  50m.  in  time  of  right  ascension  east 
from  the  sun.     August  24th,  9h.  5m.,  a  m.,  saw 
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the  sfar  Procyon,  a.  Canis  Minoris,  distinctly  with 
a  power  of  60,  the  aperture  not  contracted.  When 
diminished  to  9-l()ths  of  an  inch,  it  appeared 
ratlier  more  distinct,  as  tlie  ground  on  which  it 
Was  seen  was  (iarker.  Willi  a  power  of  30,  and 
the  aperture  contiacted  to  i)-10tlis  of  an  inch, 
could  perceive  it,  but  somewhat  indistinctly. 
When  the  equatorial  motion  was  performed  in  or- 
der to  keep  it  in  the  field  of  view,  it  vvai  some 
time  before  the  eve  could  again  fix  upon  it.  When 
tlie  aperture  was  diminished  to  half  an  inch,  it 
could  not  be  perceived.  Saw  it  when  both  the 
apertures  were  removed,  but  rather  more  distinct- 
ly with  tlie  aperture  of  9-lOths  of  an  inch.  The 
difference  in  the  result  of  this  observation  from 
that  of  Capella  above  stated  was  ov^ing  to  the 
Star's  proximity  to  the  sun,  and  tiie  consequent 
illumination  of  the  sky  in  that  quarter  where  it 
appeared.  Its  difference  in  right  ascension  from 
that  of  the  sun  was  then  about  2h.  5m.  of  time, 
and  its  difference  of  declination  about  4°  50'.* 
Tins  star  may  be  considered  as  one  of  those 
which  rank  between  the  first  and  second  magni- 
tudes. 

Similar  observations  to  the  above  were  made 
and  frequently  repeated  on  the  stars  Rigel,  Alde- 
baran,  Betelguese,  Cor  Leonis,  and  other  stars  of 
the  first  magnitude,  which  gave  nearly  the  same 
results.  The  stars  Altares  and  Fomalhaut  are 
not  so  easily  distinguished,  on  account  of  their 
great  southern  declination,  and  consequent  low 
elevation  above  the  horizon.  The  following  ob- 
servation on  Arctiirvs  may  be  added.  June  .3d, 
observed  Arcturus  very  distinctly  a  little  before 
seven  ii;  the  evening, — the  sun  being  about  Ih. 
40m.  above  the  horizon,  and  shining  bright — with 
a  power  of  15,  the  aperture  not  contracted.  It 
appeared  very  small,  but  distinct.  This  star  is 
easily  distinguishable  at  any  time  of  the  day  witli 
a  power  of  30. 

Obsermtionson  Stars  of  the  Second  Mn  gnitude. — 
May  5,  1813,  at  61i.,  p.  m.,  the  sun  being  an  hour 
and  three-quarters  above  the  horizon,  saw  Al- 
phard,  or  a  Hydrae,  a  star  of  the  second  magni- 
tude, with  a  power  of  60,  the  aperture  diminished 
to  9-lOths  of  an  inch.  A  few  minutes  afterward 
could  perceive  it,  but  indistinctly,  with  a  power 
of  30,  the  aperture  contracted  as  above.  It  could 
not  be  seen  very  distinctly  with  this  power  until 
about  half  an  hour  before  sunset.  It  was  then 
seen  rather  more  distinctly  when  the  aperture  was 
contracted  than  without  the  contraction.  May 
7th,  saw  the  star  Deneb,  or  C  Leonis,  distinctly 
with  a  power  of  60,  about  an  hour  and  a  half  be- 
fore sunset.  August  20th,  saw  Ras  Alhague,  or 
tt.Ophiuchi,at  ih.  40m., p.  M.,with  a  power  of  100, 
the  sun  being  nearly  three  hours  above  the  hori- 
zon, and  shining  bright.  Perceived  it  about  an 
hour  afterward  with  a  power  of  GO,  with  the  aper- 
ture contracted  to  9-lOths  of  an  inch,  and  also 
when  this  contraction  was  removed.  The  star 
was  seen  nearly  as  distinctly  in  the  last  case  as  in 
the  first.  August  27,  5h.,  p.  M-,the  same  star  ap- 
peared quite  distinct  with  a  power  of  60,  the 
aperture  not  contracted.  It  did  not  appear  more 
distinct   when   the    aperture    was   contracted    to 


*  The  right  ascensions,  declinations,  longitudes,  &c., 
stated  in  these  memoranda,  which  were  noted  at  the  time 
of  observiilion.  are  only  approximations  to  the  truth;  perfect 
accuracy  in  these  respects  being  of  no  importance  in  such 
observations.  Tliey  „re,  however,  in  general,  within  a 
Diinule  or  two  of  the  truth.  The  tnncsof  the  observations, 
too,  are  noted  in  reference,  not  to  the  astronomical,  but  to 
the  civil  day.  The  aslronomical  day  commences  at  12 
Boon,  and  the  hours  are  reckoned,  without  interruption,  to 
the  tbllowinj;  noon.  The  civil  day  con  mences  at  12  mid- 
Bight 


9-lQths  of  an  inch.  Tha  sun  was  tho-n  more 
than  two  hours  above  the  horizon.  August  28th, 
saw  the  star  Pollux,  or  f  Gemini,  two  hours  after 
sunrise,  with  a  power  of  G'),  aperture  uiuliiriinish- 
ed.  Noveiiibei-  12th,  Ih.  30m.,  v.  m  .  saw  the  star 
Aliair,  or  a.  Aquiloi,  with  an  8jo  inch  telescoi)e, 
one  inch  aperture,  carrying  a  power  of  45,  the 
aperture  not  contracted.  Having  contracted  the 
aperture  a  little,  it  ajipir-ared  somewhat  b'ss  dis. 
tinct.  This  star  is  reckoned  bj'some  to  belong  to 
the  class  of  stars  of  the  first  magnitude,  but  iq 
White's  "  Ephemeris"  and  other  almanacs  it  in 
generally  marked  as  being  of  the  second  magni- 
tude. It  forms  a  kind  of  metiium  between  stans 
of  the  first  and  second  magnitude. 

Similar  observations,  giving  the  same  results, 
were  made  on  the  stars  Bellatrix,  Orion's  Girdle, 
a  AndromedaB,aPegasi,A!ioth,Benetnasch,North 
Crown,  or  at  Coronte  Borealis,  and  various  other 
stars  of  the  same  magnitude. 

From  the  above  and  several  hundreds  of  similar 
observations,  the  foUnwing  conclusions  are  deduced: 

1.  That  a  magnifying  power  of  30  times  is  suffi- 
cient for  distinguishing  a  fixed  star  of  the  first 
magnitude,  even  at  noonday,  tit  any  season  of  the 
year,  provided  it  have  a  moderate  degree  of  eleva- 
tion above  the  horizon,  and  be  not  within  30°  or 
40°  of  the  Sun's  body;  also,  that  by  a  magnifying 
power  of  15,  a  star  of  this  class  may  be  distin- 
guished wh»n  the  sun  is  not  more  than  an  hour 
and  a  half  above  the  horizon;  but,  in  every  case, 
higher  powers  are  to  be  preferred.  Powers  of  45 
or  60,  particularly  the  last,  were  found  to  answer 
best  in  most  cases,  as  with  such  powers  the  eye 
could  fix  on  the  star  with  ease  as  soon  as  it  en- 
tered the  field  of  the  telescope. 

2.  That  most  of  the  stars  of  the  second  magiii- 
tude  may  be  seen  with  a  power  of  60  when  the 
sun  is  not  much  more  than  two  hours  above  the 
horizon;  and,  at  any  time  of  the  day,  the  bright- 
est stars  of  this  class  may  be  seen  with  a  power 
of  100  when  the  sky  is  serene,  and  the  star  not 
too  near  the  quarter  in  which  tlie  sun  appears. 

3.  That,  ill  every  instance,  an  increase  of  maar- 
nifying  power  has  the  principal  effect  m  renaering 
a  star  easily  perceptible;  that  diminution  of  aper- 
ture, in  most  cases,  produces  a  very  slight  effect — 
in  some  cases  none  at  all;  and,  when  the  aperture 
is  contracted  beyond  a  certain  limit,  it  pi-oducea  a 
hurtful  effect.  The  cases  in  which  a  moderate 
contraction  is  useful  are  the  two  following:  1 
When  the  star  appears  in  a  bright  part  of  the 
sky,  not  far  from  that  quarter  in  which  the  sun 
appears.  2.  When  an  object-glass  of  a  large 
aperture  and  a  small  degree  of  magnifying  power 
is  used.  In  almost  every  instance,  the  contrac- 
tion of  the  object-glass  of  the  8iv>'  inch  telescope 
with  a  power  of  45  had  a  hurtful  effect;  but  when 
the  20  inch  telescope  carried  a  power  of  only  15, 
the  contraction  served  to  render  the  object  more 
perceptible. 

OBSERVATIONS  ON   THE    PLANETS   MADE   IN  THE    DAY- 

TIME. 

Some  of  the  planets  are  not  so  easily  distin- 
guished in  the  day-time  as  the  fixed  stars  of  the 
first  magnitude.  The  one  which  is  most  easily 
distinguished  at  all  times  is  the  planet  Venus. 

1.  Observations  on  Venus. — Aly  observations  on 
this  planet  commenced  about  the  end  of  August, 
1812,  about  three  or  four  weeks  after  its  inferior 
conjunction.  About  that  period,  between  ten  and 
eleven  in  the  forenoon,  with  a  power  of  45,  it  ap- 
peared as  a  beautiful  crescent,  quite  disnnct  and 
well-defined,  with  a  luster  similar  to  that  of  the 
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moon  about  sunset,  but  of  a  whiter  color.  The 
view  of  its  surface  and  phase  was  fully  more  dis- 
tinct and  satisfactory  than  what  is  obtained  in  the 
evening  alter  sunset;  for,  being  at  a  higli  eleva- 
tion, tiie  undulation  near  tlie  horizon  did  not 
afFect  the  distinctness  of  vision.  The  planet  was 
tiien  very  distinctly  seen  witli  a  power  of  seven 
times,  when  it  appeared  like  a  star  of  the  first  or 
second   magnitude.     I  traced  the  variation  of  its 

5 liases  almost  every  clear  day  until  tiie  month  of 
lay,  lt?lii.  As  at  that  time  it  was  not  far  from 
its  superior  conjunction  with  the  sun,  I  wished  to 
ascertain  how  near  its  conjunction  with  tliat  lu- 
minary it  might  be  seen,  and  particularly  whether 
it  might  not  be  possible,  iu  certain  cases,  to  see 
it  at  the  moment  of  its  conjunction. 

The  expressions  of  all  astronomical  writers  pre- 
vious to  this  period,  when  describing  the  phases 
of  Venus,  either  directly  assert,  or  at  least  imply, 
tliat  it  is  impossible  to  see  that  planet,  in  any  in- 
stance, at  the  time  of  its  superior  conjunction. 
This  is  the  language  of  Dr.  Long,  Dr.  Gregory, 
Dr.  Br.-wster,  Ferguson,  Adams,  B.  Martin,  and 
most  other  writers  on  the  science  of  Astronomy. 
How  far  such  language  is  correct  will  appear 
from  the  following  observations  and  remarks. 

April  24,  1S13,  lOh.  50m.,  a.  m.,  observed  Venus 
with  a  power  of  30,  the  aperture  not  contracted. 
She  was  then  about  31  minutes  of  time  in  right 
ascension  distant  from  the  sun,  their  difference  of 
declination  3°  59'.  She  appeared  distinct  and 
well-defined.  With  a  power  of  100,  could  distin- 
guish her  gibbous  phase.  May  1st,  1  Oh.  20m.,  a.m., 
viewed  this  planet  with  a  power  of  60,  the  aper- 
ture not  contracted.  It  appeared  distinct.  Saw 
it  about  the  same  time  with  a  power  of  15,  the 
aperture  being  contracted  to  9-lOths  of  an  inch. 
Having  contracted  the  aperture  to  half  an  inch, 
saw  it  more  distinctly.  When  the  contracted 
apertures  were  removed,  the  planet  could  with 
difficulty  be  distinguished,  on  account  of  the  di- 
rect rays  of  the  sun  striking  on  the  inside  of  the 
tube  of  the  telescope.  The  sun  was  shining  bright, 
and  tlie  planet  about  25'  of  time  in  R.  A.  west  of  his 
center,  their  difference  of  declination  being  3°  7'. 
May  7th,  lOh.,  a.  m.,  saw  Venus  distinctly  with  a 
power  of  60,  the  sun  shining  bright.  It  was  tlien 
about  ly  of  time  in  R.  A.,  and  4°  27'  in  longitude 
west  of  the  sun,  their  difference  of  declination 
being  2°  18'.  I  found  a  diminution  of  aperture 
particularly  useful  when  viewing  the  planet  at 
this  time,  even  when  the  higher  powers  were  ap- 
plied. This  was  the  last  observation  I  had  an 
opportunity  of  making  prior  to  the  conjunction 
of  Venus  with  tlie  sun,  which  happened  on  May 
25th,  at  9li.  3m.,  a.  m.  Its  geocentric  latitude  at 
that  time  being  about  16'  south,  the  planet  must 
have  passed  almost  close  by  the  sun's  southern 
limb.  Cloudy  weather  for  nearly  a  month  after 
the  last  ol.ist-rvation  prevented  any  further  views  of 
the  pkuiet,  when  it  was  in  that  part  of  the  heavens 
which  was  within  the  range  of  the  instrument. 
The  first  day  that  proved  favorable  after  it  'had 
passed  the  superior  conjunction  was  June  5th. 
The  follov.'ing  is  the  memorandutn  of  the  obser- 
vation thi-n  taken: 

June5lh;9h.,  a.  m.,  adjusted  the  equatorial  tele- 
scope for  viewing  the  planet  V^enus,  but  it  could 
not  be  perceived  on  account  of  the  direct  rays  of 
the  sun  entering  the  tube  of  the  telescope.  I  con- 
trived an  apparatus  for  screening  his  rays,  but 
could  not  get  it  conveniently  to  move  along  with 
the  telescope,  and  therefore  determined  to  wait 
until  ])ast  eleven,  when  the  top  of  the  window  of 
the  place  of  obsr-rvation  would  intercept  tiie  solar 
rays.     At  llh.  20m.,  a.  m  ,  just  as  the  sun  had 


passed  the  line  of  sight  from  the  eye  to  the  top 
of  the  window,  and  his  body  was  eclipsed  by  it,  1 
was  gratified  with  a  tolerably  distinct  view  of  the 
planet,  with  a  power  of  60,  the  aperture  being 
contracted  to  9-lOths  of  an  inch.  This  distinct- 
ness increased  as  the  sun  retired,  until,  in  two  or 
three  minutes,  the  planet  appeared  perfectly  well- 
defined.  Saw  it  immediately  afterward  with  a 
power  of  30,  the  aperture  contracted  as  before. 
Saw  it  also  quite  distinctly  with  a  power  of  15; 
but  it  could  not  be  distinguished  with  this  power 
when  the  contracted  aperture  was  removed.  A-t 
this  time  Venus  was  just  3°  in  longitude,  or  about 
13'  in  time  of  II.  A.  east  of  the  sun's  center,  and 
of  course  only  about  23^th  degrees  from  his  east- 
ern limb;  the  difference  of  their  declination  being 
2T,  and  the  planet's  latitude  11'  north. 

Several  years  afterward  I  obtained  views  of  this 
planet  when  considerably  nearer  the  sun's  margin 
than  as  stated  in  the  above  observation,  particu- 
larly on  the  16th  of  October,  1819,  at  which  time 
Venus  was  seen  when  only  six  days  and  nineteen 
hours  past  the  time  of  the  superior  conjunction. 
At  that  time  its  distance  from  the  sun's  eastern 
limb  was  only  1°  28'  42".  A  subsequent  obser- 
vation proved  that  Venus  can  be  seen  when  only 
1^  27'  from  the  sun's  margin,  which  I  consider  as 
approximating  to  the  nearest  distance  from  the 
sun  at  which  this  planet  is  distinctly  visible.  I 
shall  only  state  further  the  two  or  three  follow- 
ing observations. 

June  17th,  181?,,  lOh.,  a.  m.,  saw  Venus  with  a 
power  of  60,  the  aperture  being  contracted  to 
9-IOths  of  an  inch,  the  direct  rays  of  the  sun  not 
being  intercepted  by  the  top  of  the  window.  The 
aperture  having  been  farther  contracted  to  half 
an  inch,  could  perceive  her,  but  not  quite  so  dis- 
tinctly. When  the  contractions  were  removed, 
she  could  scarcely  be  seen.  She  was  then  3°  33' 
in  longitude,  and  nearly  15  minutes  in  time  of 
R.  A.  distant  from  the  sun's  center.  Some  fleeces 
of  clouds  having  moved  across  the  field  of  view, 
slie  was  seen  remarkably  distinct  in  the  interstices, 
the  sun  at  the  same  time  being  partly  obscured 
by  them.  August  19th,  Ih.  10m.,  p.  m.,  viewed 
Venus  with  a  magnifying  power  of  100.  Could 
perceive  her  surface  and  gibbous  phase  almost  as 
distinctly  as  when  the  sun  is  below  the  horizon. 
She  appeared  bright,  steady  in  her  light,  and  well- 
defined,  without  that  glare  and  tremulous  ajjpear- 
ance  she  exhibits  in  the  evening  when  near  the 
horizon.  She  was  then  nearly  on  the  meridian. 
On  the  whole,  such  a  view  of  this  planet  is  as 
satisfactory,  if  not  preferable,  to  those  views  we 
obtain  with  an  ordinary  telescope  in  the  evening, 
when  it  is  visible  to  the  naked  eye. 

All  the  particulars  above  stated  have  been  con- 
firmed by  many  subsequent  observations  conti- 
nued throughout  a  series  of  years.  I  shall  state 
only  two  recent  observations,  which  show  that 
\  enns  may  be  seen  somewhat  nearer  the  sun  than 
what  is  deduced  from  the  preceding  observations, 
and  at  the  point  of  its  superior  conjunction. 
March  10th,  1842,  observed  the  planet  Venus, 
then  very  near  the  sun,  at  19  minutes  past  11, 
a.  m.  It  h'ld  passed  tiie  point  of  its  superior  con- 
junction with  the  sun  on  the  5th  of  Marcii,  at  111 
13m.,  p.  M.  The  difference  of  right  ascension  b - 
tvveen  the  sun  and  the  planet  was  then  aljout  61^ 
minutes  of  time,  or  about  1°  37^^',  and  it  was 
only  about  1°  21' distant  from  the  sun's  eastern 
limb.  It  appeared  quite  distinct  and  well-defined, 
and  miglit  p^'rhaps  have  been  seen  on  the  preceding 
day,  ha:i  the  observation  been  then  made.  The 
following  observation  shows  that  Venus  may  be 
seen  still  nearer  the  sun  than  in   the   preceding 
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observations,  and  even  at  the  moment  of  its  superior 
conjunction.  On  the  2d  of  October,  184S,  this 
planet  passed  the  point  of  its  superior  conjunc- 
tion with  the  sun  at4h.  I5m.,p.  m.  At  two  o'clock, 
p.  M.,  only  two  hours  before  the  conjunction,  I 
perceived  the  planet  distinctly,  and  kej)!  it  in  view 
for  nearly  ten  minutes,  until  some  dense  clouds 
intercepted  the  view.  It  appeared  tolerably  dis- 
tinct and  well-defined,  though  not  brilliant,  and 
with  a  round,  full  face,  and  its  apparent  path  was 
distinctly  traced  several  times  across  the  field  of 
view  of  the  telescope.  I  perceived  it  afterward, 
about  half  past  four,  p.  m.,  only  a  few  minutes 
after  it  had  passed  the  point  of  conjunction,  on 
which  occasion  it  appeared  less  distinct  than  in 
the  preceding  observation,  owing  to  the  low  alti- 
tude of  the  planet,  being  then  only  a  itw  degrees 
above  the  horizon.  The  observations,  in  this  in- 
stance, were  made,  not  with  an  equatorial  instru- 
ment, which  I  generally  use  in  such  observations, 
but  with  a  good  achromatic  telescope  of  44^0 
inches  focal  distance,  mounted  on  a  common 
tripod,  with  a  terrestrial  power  of  95  times.  A 
conical  tube  about  ten  inches  long  was  fixed  on 
the  object-end  of  the  telescope,  at  the  extremity 
of  which  an  aperture  \\'2  inches  in  diameter  was 
placed,  so  as  to  intercept,  as  much  as  possible,  the 
direct  ingress  of  the  solar  rays.  The  top  of  the 
upper  sash  of  the  window  of  the  place  of  obser- 
vation was  likewise  so  adjusted  as  to  intercept  the 
greater  part  of  the  sun's  rays  from  entering  the 
tube  of  the-  telescope.  The  sun's  declination  at 
that  time  was  3°  26'  south,  and  that  of  Venus  2° 
12'  south;  consequently,  the  difference  of  decli- 
nation was  1°  14'==  tlie  distance  of  Venus  from 
the  sun's  center;  and  as  the  sun's  diameter  was 
about  16',  Venus  was  then  only  58'  from  the  sun's 
northern  limb,  or  6'  less  than  two  diameters  of  the 
sun. 

This  is  the  nearest  approximation  to  the  sun  at 
which  I  have  ever  beheld  this  planet,  and  it  de- 
monstrates that  Venus  may  be  seen  even  within 
a  degree  of  the  sun's  margin;  and  it  is,  perhaps, 
the  nearest  position  to  that  luminary  in  which 
this  planet  can  be  distinctly  perceived.  It  shows 
that  the  light  reflected  from  the  surface  of  Venus 
is  far  more  brilliant  than  that  reflected  from  the 
surface  of  our  moon;  for  no  trace  of  this  noctur- 
nal luminary  cnn  be  perceived,  even  when  at  a 
much  greater- distance  from  the  sun,  nor  is  there 
any  other  celestial  body  that  can  be  seen  within 
the  limit  now  stated.  'This  is  the  first  observation, 
60  far  as  my  information  extends,  of  Venus  having 
been  seen  at  the  time  of  her  superior  conjunc- 
tion.* 

The  practical  conclusion  from  this  observation 
is,  that  at  the  superior  conjunction  of  this  planet, 
when  its  distance  from  the  sun's  margin  is  not 
less  than  58',  its  polar  and  equatorial  diameter  may 
be  measured  by  a  micrometer,  when  it  will  be  de- 
termined whether  or  not  Venus  be  of  a  sphroidal 
figure.  The  Earth,  Mars,  Jupiter,  and  Saturn 
are  found  to  be,  not  spheres,  but  sjsAerou/s,  having 
their  polar  shorter  than  their  equatorial  diameters.  I 
But  the  true  figure  of  Venus  has  never  yet  been 
ascertained,  because  it  is  only  at  the  superior  con- 
junction that  she  presents  a  full,  enlightened  | 
hemisphere,  and  when  both  diameters  can  be 
measured,  except  at  the  time  when  she  transits 
the  sun's  disc,  which  happens  only  twice  in  the 
course  of  120  years. +  | 

•  Tliis  observation  is  inserted  in  the  "  Edinburgh  Philo- 
sophical Journal"  lor  January,  1844. 

t  1  ht  late  Dr.  Benjamin'  JVIartTn,  when  describing  the 
nature  ot  the  solar  telescope,  in  his  "  P/iilosopkia  Britan- 
pica,"  vol.  iii,  p.  85,  gives  the  following  relation :    "  I  can- 


The  following  conclusions  are  deduced  from 
the  observations  on  Venus: 

1.  That  this  planet  may  be  seen  distinctly,  with 
a  moderate  degree  of  magnifying  power,  at  tlie 
moment  of  its  superior  conjunction  with  the  sun, 
when  its  geocentric  latitude,  either  north  or  south, 
at  the  time  of  confunction,  is  not  less  than  1° 
14',   or  when   the   planet  is  about  58'   from   the 


not  liere  omit  to  mention  a  very  unusual  phenomenon  that  I 
observed  about  ten  years  ago  in  my  darkened  room.  The 
window  looked  toward  the  west,  and  the  spire  of  Chiches- 
ter Cathedral  was  before  it  at  the  distance  ot'jU  or  tJO  yards. 
I  used  very  ot'ten  to  divert  myself  by  observing  the  pleasant 
manner  in  which  the  sun  passed  behind  the  spire,  and  was 
ech'psed  by  it  for  some  time;  for  the  image  of  the  sun  and 
of  the  spire  were  very  large,  being  made  by  a  lens  of  12  feet 
focal  distance;  and  once,  as  I  observed  the  occultation  of 
the  sun  behind  the  spire,  just  as  the  disc  disappeared,  I  saw 
several  small,  bright,  round  bodies  or  balls  running  toward 
the  sun  from  the  dark  part  of  the  room,  even  to  the  distance 
of  'JO  inches.  1  observed  their  motion  was  a  little  irregular, 
but  rectilinear,  and  seemed  accelerated  as  they  approached 
the  sun.  These  luminous  globules  appeared  also  on  the 
other  side  of  the  spire,  and  preceded  tiie  sun,  running  out 
into  the  ilark  room,  sometimes  more,  sometimes  less,  to- 
gether, in  the  same  manner  as  they  followed  the  sun  at  its 
occultation.  They  appeared  to  be,  in  general,  one-tvven. 
tieth  of  an  inch  in  diameter,  and  therefore  must  be  very 
large,  luminous  globes  in  some  part  of  the  heavens,  whose 
light  was  extinguished  by  that  of  the  sun,  so  that  they  ap- 
peared not  in  open  daylight;  but  whether  of  the  meteor 
kind,  or  what  sort  of  bodies  they  might  be,  I  could  not  con- 
jecture." Professor  Hansteen  mentions  that,  when  era- 
ployed  in  measuring  the  zenith  distances  of  the  pole-star, 
he  observed  a  somewhat  similar  phenomenon,  which  he  de- 
scribed as  "  a  luminous  body  which  passed  over  the  field  of 
the  universal  telescope;  that  its  motion  was  neither  perfectly 
equal  nor  rectilinear,  but  resembled  very  much  the  uneqna! 
and  somewhat  serpentine  motion  of  an  ascending  rocket;" 
and  he  concluded  that  it  must  have  been  "  a  meteor"  or 
"  shooting  star"  descending  from  the  higher  regions  of  the 
atmosphere.  (See  Edinburgh  Philosophical  Journal  for 
April,  182.5,  No.  xxiv.) 

In  my  frequent  observations  on  Venns,  to  determine  tha 
nearest  positions  to  the  sun  in  which  that  planet  conld  bs 
seen,  I  had  several  times  an  opportunity  of  witnessing  simi- 
lar phenomena.  I  was  not  a  little  surprised,  when  search- 
ing for  the  planet,  frequently  to  perceive  a  body  pass  across 
the  field  of  the  telescope,  apparently  of  the  same  size  as 
Venus,  though  sometimes  larger  and  sometimes  smaller,  so 
that  I  frequently  mistook  that  body  for  the  planet,  until  its 
rapid  motion  undeceived  me.  In  several  instances/our  or 
Jive  of  these  bodies  appeared  to  cross  the  field  of  view, 
sometimes  in  a  perpendicular,  and  at  other  times  in  a  hori 
zontal  direction.  They  appeared  to  be  luminous  bodies, 
somewhat  resembling  the  appearance  of  a  planet  when 
viewed  in  the  day-time  with  a  moderate  magnifying  power. 
Their  motion  was  nearly  rectilinear,  but  sometimes  inclined 
to  a  waving  or  serpentine  form,  and  they  appeared  to  move 
with  considerable  rapidity — the  telescope  being  tutnished 
with  a  power  of  about  70  times.  I  was  for  a  considerable 
time  at  a  loss  what  opinion  to  form  of  the  nature  of  these 
bodies;  but,  having  occasion  to  continue  these  observations 
almost  every  clear  day  for  nearly  a  twelvemonth,  I  had  fre- 
quent opportunities  of  viewing  this  phenomenon  in  diti'ereiit 
aspects,  and  was  at  length  enabled  to  form  an  opinion  as  to 
the  cause  of  at  least  some  of  the  appearances  which  present- 
ed themselves.  In  several  instances,  the  bodies  alluded  to 
ajipeaied  much  larger  than  usual,  and  to  move  with  a  more 
ra])id  velocity;  in  which  case  I  could  plainly  perceive  that 
they  were  nothing  else  than  birils  of  different  sizes,  and 
apparently  at  different  distances,  the  convex  surface  of  whose 
bodies,  in  certain  positions,  strongly  reflected  the  solar  rays. 
]n  other  instances,  when  they  appeared  smaller,  their  true 
shape  was  undistinguishable,  by  reason  of  their  motion  and 
their  distance. 

Having  inserted  a  few  remarks  on  this  subject  in  No.  xxv, 
of  the  Edinburgh  Philosophical  Journal  for  July,  1825,  par- 
ticularly in  reference  to  Professor  Hansteen's  opinion,  that 
article  came  under  the  review  of  M.  f^erre>,  sub-prefect  of 
Embrun,  in  a  paper  inserted  in  the  Jlnnalcs  dc  Clihnic  for 
October,  1825,  entitled  "  Notices  regarding  fiery  meteors 
seen  during  the  day."  (See  Kdiubnr2:h  Philosophical  Jour- 
nal for  July,  182C,  p.  114.)  In  the  discussion  of  this  subject, 
!M.  Serres  admits  that  the  light  reflected  very  obliquely  from 
the  feathers  of  a  bird  is  capable  of  producing  an  effect  simi- 
lar to  that  which  I  have  now  described,  but  that  "  the  ex- 
planation ought  not  to  be  generalized."  He  remarks,  that 
while  observing  the  sun  at  the  repeating  circle,  he  iVequenlly 
perceived,  even  through  the  colored  glass  adapted  to  the 
eyepiece,  large  lumihons  points  which  traversed  the  fie'd  of 
the  telescope,  and  which  appeared  too  well-defined  no*  M 
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Bon's  limb     This  conclusion  is  deduced  from  the 
observation  of  October  2,  1843,*  stated  above. 

2.  Another  conclusion  is,  that  during  tlie  space 
of  58.3  days,  or  about  19  montlis — the  time  this 
pfanet  takes  in  moving  from  one  conjunction  with 
the  sun  to  a  like  conjunction  again — when  its 
latitude  at  the  time  of  its  superior  conjunction 
exceeds  1°  14',  it  may  be  seen  with  an  equatorial 
telescope  every  clear  day  without  interruption, 
except  about  the  period  of  its  inferior  conjunc- 
tion, when  its  dark  hemisphere  is  turned  toward  tlie 
earth,  and  a  short  time  before  and  after  it.  When 
its  geocentric  latitude  is  less  than  1°  14',  it  will 
be  hid  only  about  four  days  before,  and  the  same 
time  after  its  superior  conjunction.  During  the 
same  period  it  will  be  invisible  to  the  naked  eye,  and 
consequently  no  obseiTations  can  be  made  upon  it 
with  a  common  telescope  for  nearly  six  months, 
and  sometimes  more,  according  as  its  declination 
is  north  or  south,  namely,  about  two  or  three 
months  before,  and  the  same  time  after  its  supe- 
rior conjunction,  except  where  there  is  a  very 
free  and  unconfined  horizon.  In  regurd  to  the 
time  in  which  this  planet  can  be  hid  abcrut  the 
period  of  its  inferior  conjunction,  I  have  ascer- 
tained from  obsei-vatiou  that  it  can  never  be  hid 
longer  than  during  a  space  of  2  days  22  hours, 
having  seen  Venus,  about  noon,  like  a  fine, 
slender   crescent,  only  35    hours   after   she    had 

admit  them  to  be  distant,  and  subtended  too  large  angles  to 
imagine  them  birds.  In  illustration  of  this  subject,  he 
states  the  following  facts  :  On  the  7lh  of  t-epteniber,  1S20, 
after  having  observed  for  some  time  the  eclipse  of  the  sun 
which  happened  on  that  day,  he  intended  to  take  a  walk  in 
the  fields,  and  on  crossing  the  town,  he  saw  a  numerous 
group  of  individuals  of  every  age  and  sex,  who  had  their 
eyes  lixed  in  the  direction  of  the  sun.  Farther  on,  he  per- 
ceived another  group,  having  their  eyes  in  like  manner 
turned  toward  the  sun.  He  questioned  an  intelligent  artist 
who  was  among  them  to  learn  the  object  that  fixed  his  at- 
tention. He  replied,  "  We  are  looking  at  the  stars  which 
are  detaching  themselves  from  the  sun."  "  You  may  look 
yourself;  that  will  be  the  shortest  way  to  learn  the  fact." 
He  looked,  and  saw,  in  fact,  not  stars,  but  balls  of  fire,  of  a 
diameter  equal  to  the  largest  stars,  which  were  projected  in 
various  directions  from  the  upper  hemisphere  of  the  sun, 
with  an  incalculable  velocity;  and  although  this  velocity  of 
projection  appeared  the  same  in  all,  yet  they  did  not  all  at- 
tain the  same  distance.  These  globes  were  projected  at 
unequal  and  pretty  short  intervals.  Several  were  ofien  pro- 
jected at  once,  but  always  diverging  from  one  another. 
Some  of  them  described  a  right  line,  and  were  extinguished 
in  the  distance  :  some  descrilied  a  parabolic  line,  and  were 
in  like  manner  extinguished;  others,  again,  after  having  re- 
moved to  a  certain  distance,  in  a  right  line,  retrojraded 
upon  the  same  line,  and  seemed  to  enter,  still  luminous, 
into  the  sun's  disc.  The  ground  of  this  magnificent  picture 
was  a  sky-blue,  somewhat  tinged  with  brown.  Such  was 
his  astonishment  at  the  sight  of  so  majestic  a  spectacle, 
that  it  was  impossible  for  him  to  keep  his  eyes  off  it  until 
it  ceased,  which  happened  gradually  as  the  eclipse  wore  off 
and  the  solar  rays  resumed  their  ordinary  luster.  It  was 
remarked  by  one  of  the  crowd  that  "the  sun  projected 
most  stars  at  the  time  when  it  was  palest;"  and  that  the 
circumstance  which  first  excited  attention  to  this  phenome- 
non was  that  of  a  woman,  who  cried  out,  '•  Come  here  ! 
come  and  see  the  flames  that  are  issuing  from  the  sun  !" 

I  have  stated  the  above  facts  because  they  may  afterward 
tend  to  throw  light  upon  certain  objects  or  phenomena  with 
which  we  are  at  present  unacquamted.  The  phenomenon 
of  •'  tailing  stars"  has  of  late  years  excited  considerable 
attention,  and  it  seems  now  to  be  admitted  that  at  least 
certain  sjiecies  of  these  bodies  descend  from  regions  far  be- 
yond the  limits  of  our  atmosphere.  This  may  be  pronounced 
as  certain  with  regard  to  the  "  November  Meteors."  May 
not  some  of  the  i)henomena  described  above  Be  connected 
with  the  fall  of  meteoric  stones — the  showers  of  falling 
stars  seen  on  the  ]2th  and  13th  of  November,  or  other  me- 
teoric i>henomcna  whose  causes  we  have  hitherto  been  un- 
able lo  explain?  Or,  may  we  conceive  that  certain  celestial 
bodies,  with  whose  nature  and  destination  we  are  as  yet 
unacquainted,  may  be  revolving  in  different  courses  in  the 
regions  around  us,  some  of  them  opaqne  and  others  lumi- 
nous, and  whose  light  is  undistmguishable  by  reason  of  the 
solar  effulgence  ? 

*  For  an  explanation  of  the  manner  of  viewing  Venus  at 
ber  superior  conjunction,  see  "  Celestial  Scenery.  ' 


passed  the  point  of  her  inferior  conjuction;  and 
in  a  late  instance  she  was  seen  when  little  more 
than  a  day  from  the  period  of  conjunction.  The 
longest  time,  therefore,  that  this  planet  can  be  hid 
from  view  during  a  period  of  5e3  days,  is  only 
about  ten  days;  and  when  its  latitude  at  the  time 
of  the  superior  conjunction  equals  or  exceeds  1° 
14',  it  can  be  hid  little  more  than  two  days.  This 
is  a  circumstance  which  cannot  be  affirmed  of 
any  other  celestial  body,  the  sun  only  excepted. 

3.  That  every  variation  of  the  phases  of  this 
planet,  from  a  slender  crescent  to  a  full  enlight- 
ened hemisphere,  may,  on  every  clear  day,  be 
conveniently  exhibited  by  means  of  the  equato- 
rial telescope.  This  eircumstance  renders  this 
instrument  peculiarly  useful  in  the  instruction 
of  the  young  in  the  principles  of  astronomy;  for 
if  the  phase  which  Venus  should  exhibit  at  any 
particular  time.be  known,  the  equatorial  tele- 
scope may  be  directed  to  the  planet,  and  its  actual 
phase  in  the  heavens  be  immediately  exhibited  to 
the  astronomical  pupil. 

4.  iSiuce  it  is  only  at  the  period  of  the  superior 
conjunction  that  this  planet  presents  a  full  eu- 
lightened  hemisphere,  and  since  it  is  oidy  when 
this  phase  is  presented  that  both  its  diameters  can 
be  measured,  it  is  of  some  importance  that  ob- 
servations be  made  on  it  at  the  moment  of  con- 
junction, by  means  of  powerful  telescopes  furn- 
ished with  micrometers,  so  as  to  determine  the 
difference  (if  any)  between  its  polar  and  equato- 
rial diameters. 

5.  Another  conclusion  from  the  observations 
on  Venus  is,  that  a  moderate  diminution  of  the 
aperture  of  the  object-glass  of  the  telescope  ia 
useful,  and  even  necessary,  in  viewing  this  planet 
when  near  the  sun.  Its  effect  is  owing  in  part  to 
the  direct  solar  rays  being  thereby  effectually  ex- 
cluded, for  when  these  rays  enter  directly  into 
the  tube  of  the  telescope,  it  is  very  difficult,  and 
almost  impossible,  to  perceive  this  planet,  or  any 
other  celestial  body  when  in  the  vicinity  of  the  sun. 

OBSERVATIONS    ON   JUPITER    AND    OTHER   PLANETS. 

This  planet  is  very  easily  distinguished  in  the 
day-time  with  a  very  moderate  magnifying  power, 
when  it  is  not  within  30°  or  35°  of  the  sun.  The 
following  extract  from  my  memorandums  may 
serve  as  a  specimen:  May  12,  1813,  Ih.  40m", 
p.  M.,  saw  Jupiter  with  a  power  of  15  times,  the 
aperture  not  contracted.  The  planet  appeared  so 
distinct  with  this  power  that  I  have  reason  to  be- 
lieve it  would  have  been  perceived  with  a  power 
of  six  or  seven  times.  When  the  aperture  was 
contracted  to  9-l()ths  of  an  inch,  and  afterward 
to  half  an  inch,  there  was  little  perceptible  differ- 
ence in  its  appearance.  It  vvus  then  about  56°  in 
longitude  east  of  the  sun. 

Though  Jupiter,  when  at  a  considerable  dis- 
tance from  the  sun,  and  near  his  opposition,  ap- 
pears to  the  naked  eye  with  a  brilliancy  nearly 
equal  to  that  of  Venus,  yet  there  is  a  very  strik- 
ing difference  between  them  in  respect  of  luster 
when  viewed  in  daylight.  Jupiter,  when  viewed 
with  a  high  magnifying  power  in  the  day-time, 
alvvays  fxiiibils  a  very  dtill,  cloudy  appearance, 
whereas  Venus  appears  vvith  a  moderate  degree 
of  splendor.  About  the  end  of  June,  1813,  oe- 
tween  five  and  six  in  the  evening,  having  viewed 
the  planet  Venus,  then  within  20°  of  the  sun, 
and  which  appeared  with  a  moderate  degree  of 
luster,  I  directed  the  telescope  to  Jupiter,  at  that 
time  more  than  33°  from  the  sun,  when  the  con- 
trast between  the  two  planets  was  very  striking, 
Jupiter  appearing  so  faint  as  to  be  just  discernible, 
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thougli  liis  apparent  maguitude  was  nenrly  double 
that  of  Venus.  In  this  observation  a  power 
of  G5  was  used.  In  liis  approach  toward  the 
Bun,  about  the  end  of  July,  I  could  not  per- 
ceive him  when  he  was  within  16^  or  17°  of  liis 
conjunction  with  that  luminary.  These  circum- 
stancea  furnish  a  sensible  and  popular  proof,  inde- 
pendently of  astronomical  calculations,  that  the 
planet  Jupiter  is  placed  at  a  much  greater  distance 
from  the  sun  than  Venus,  since  its  light  is  so  faint 
as  to  be  scarcely  perceptible  wh>m  more  than  20 
degrees  from  the  sun,  while  that  of  Venus  is  dis- 
tinctly seen  amid  the  full  splendor  of  the  solar 
rays,  when  only  about  a  degree  from  the  margin 
of  that  luminary.  With  a  power  of  65  I  have 
been  enabled  to  distinguish  tb.e  bells  of  Jupiter 
before  sunset,  but  could  never  perceive  any  of  his 
satellites  until  the  sun  was  below  the  liorizon. 
TJiere  are  no  observations  which^so  sensibly  and 
strikingly  indicate  the  different  degrees  of  light 
emitted  by  the  different  planets  as  those  which 
are  made  in  the  day-time.  To  a  common  obser- 
ver, during  night,  Jupiter  and  Venus  appear,  in  a 
clear  sky,  nearly  with  equal  brilliancy,  and  even 
Mars,  when  about  the  point  of  his  opposition  to 
the  sun,  appears  with  a  luster  somewhat  similar, 
tliough  tinged  with  a  ruddy  hue  ;  but  when  seen 
in  daylight  their  aspect  is  very  dissimilar.  This 
circumstance  evidently  indicates,  1.  Tiiat  these 
planets  are  placed  at  different  distances  from  the 
Bun,  and  consequently  are  furnished  with  differ- 
ent degrees  of  light  proportional  to  the  square  of 
their  distances  from  that  luminary;  and,  2.  That 
there  are  certain  circumstances  connected  with 
the  surfaces  and  atmospheres  of  the  planetary 
bodies  which  render  the  light  they  emit  more  or 
less  intense,  independently  of  their  different  dis- 
tances from  the  central  luminary  ;  for  Mars, 
though  much  nearer  to  the  sun  than  Jupiter,  is 
not  so  easily  distinguished  in  the  day-time,  and 
even  in  the  night-time  appears  with  a  less  degree 
of  luster. 

My  observatiops  on  Saturn  in  daylight  have 
not  been  so  frequent  as  those  on  Jupiter.  I  have 
been  enabled  to  distinguish  his  ring  several  times 
before  sunset  with  a  power  of  65,  but  his  great 
Bouthern  declination,  and  consequent  low  altitude, 
at  the  periods  when  these  observations  were  made, 
were  unfavorable  for  determining  the  degree  of 
his  visibility  in  daylight;  for  a  planet  or  a  star  is 
always  more  distinctly  perceptible  in  a  high  than 
in  a  low  altitude,  on  account  of  the  superior 
purity  of  the  atmosphere  through  which  a  celes- 
tial obje'^t  is  seen  when  at  a  high  elevation  above 
the  horizon.  This  planet,  however,  is  not  nearlj' 
so  distinctly  visible  in  daylight  as  Jupiter,  and  I 
have  chiefly  seen  it  when  the  sun  was  not  more 
than  an  hour  or  two  above  the  horizon,  but  never 
at  noonday,  although  it  is  probable  that  with 
powerful  instruments  it  may  be  seen  even  at  that 
period  of  the  day.  The  planet  Mars,  is  seldom 
distinctly  visible  in  the  day-time,  except  when  at 
no  gieat  distance  from  its  opposition  to  the  sun. 
The  following  is  a  memorandum  of  an  obsei-va- 
tion  on  Mars,  when  in  a  favorable  position:  Octo- 
ber 21,  1836,  saw  the  planet  Mars  distinctly  with 
a  power  of  about  60,  at  40  minutes  past  9,  a.  m., 
the  sun  having  been  above  the  horizon  nearly 
three  hours.  It  appeared  tolerably  distinct,  but 
Bcarcely  so  brilliant  as  a  fixed  star  of  the  first 
magnitude,  though  with  apparently  as  much  light 
as  Jupiter  generally  exhibits  when  viewed  in  day- 
light. It  could  not  be  traced  longer  at  the  time, 
80  as  to  ascertain  if  it  could  be  seen  at  midday, 
on  account  of  the  interposition  of  tiie  western 
Bide  of  the  window  of  the  place  of  observation. 


The  ruddy  aspect  of  this  planet — doubtless  caused 
by  a  dense  atmosphere  with  which  it  is  environed 
— is  one  of  the  causes  which  prevents  its  appear- 
ing with  brilliancy  in  the  day-time.  With  respect 
to  the  planet  Mercury,  I  have  had  opi)ortunitie3 
of  observing  it  se\eral  times  after  sunrise  and  be- 
fore sunset,  about  10  or  12  daj's  before  and  after 
its  greatest  elongation  from  the  sun,  with  a  power 
of  45.  I  have  several  times  searched  for  this 
planet  about  noon,  but  could  not  perceive  it.  The 
air,  however,  at  the  times  alluded  to,  was  not 
very  clear,  and  I  was  not  certain  that  it  was 
within  the  fi«ld  of  the  telescope,  and  therefore  I 
am  not  convinced  but  that,  with  a  moderately 
high  power,  it  may  be  seen  even  at  noonday. 

Such  are  some  of  the  specimens  of  the  obser- 
vations I  have  made  on  the  heavenly  bo  iies  in  the 
day-time,  and  the  conclusions  which  may  be  de- 
duced from  them.  I  have  been  induced  to  com- 
municate them  from  the  consideration  that  the 
most  minute  facts  in  relation  to  any  science  are 
worthy  of  being  known,  and  may  possibly  be  use- 
ful. They  may  at  least  gratify  the  astronomical 
tyro  with  some  information  which  he  v.'ill  not 
find  in  the  common  treatises  on  Astronomy,  and 
may  perhaps  excite  him  to  prosecute  a  train  of 
similar  observations  for  confirming  or  correcting 
those  which  have  been  noted  above. 

Beside  the  deductions  already  stated,  the  fol- 
lowing general  conclusions  may  be  noted:  1. 
That  a  celestial  body  may  be  as  easily  distinguish- 
ed at  noonday  as  at  any  time  between  the  hours 
of  nine  in  the  morning  and  three  in  the  afternoon, 
except  during  the  short  days  in  winter.  2.  They 
are  more  easily  distinguished  at  a  high  than  at  a 
low  altitude — in  the  afternoon  than  in  the  morn- 
ing, especially  if  their  altitudes  be  low — and  in 
the  northern  region  of  the  heavens  than  in  the 
southern.  The  dilficulty  of  perceiving  them  at  a 
low  altitude  is  obviously  owing  to  the  thick  vapors 
near  the  horizon.  Their  being  less  easily  distin- 
guised  in  the  morning  than  in  the  afternoon  is 
owing  to  the  undulations  of  the  atmosphere, 
which  are  generally  greater  in  the  morning  than 
in  the  afternoon.  This  may  be  evidently  perceiv- 
ed by  looking  at  distant  land  objects  at  those 
times,  in  a  hot  day,  through  a  telescope  which 
magnifies  about  40  or  50  times,  when  they  will  be 
found  to  appear  tremulous  and  distorted  inconse- 
quence of  these  undulations,  especially  if  the  sun 
be  shining  bright.  In  consequence  of  this  cir- 
cumstance, we  can  seldom  use  a  high  terrestrial 
power  with  effect  on  land  objects  except  early  in 
the  morning  and  a  short  time  before  sunset. 
Their  being  more  ea^^ily  distinguished  in  the  nor- 
thern region  of  the  heavens  is  owing  to  that  part 
of  the  sky  being  of  a  deeper  azure,  on  account 
of  its  being  less  enlightened  than  the  southern 
with  the  splendor  of  the  solar  rays. 

UTILITY    OF   CELESTIAL   DAY    OBSERVATIONS. 

■  The  observations  on  the  heavenly  bodies  in  the 
day-time,  to  which  I  have  now  directed  the  atten- 
tion of  the  reader,  are  not  to  be  considered  as 
merely  gratifications  of  a  rational  curiosity?  but 
may  be  rendered  subservient  to  the  promotion  of 
astronomical  science.  As  to  the  planet  Venus: 
when  I  consider  the  degree  of  brilliancy  it  exhib- 
its, even  in  daylight,  I  am  convinced  that  useful 
observations  might  freqviently  be  made  on  its  sur- 
face in  the  day-time,  to  determine  some  of  \U 
physical  peculiarities  and  phenomena.  Such  rV 
servations  might  set  at  rest  any  disputes  whiih 
may  still  exist  res})ecting  the  period  of  rotc'tian 
of  this  planet.     Cassini,  from  observations  on  a 


UTILITY   OF  DAY  OBSERVATIONS. 


133 


bright  spot,  which  advanced  20°  in  24h.  34m., 
determined  the  time  of  its  rotation  to  be  23  hours 
20  niiuutes.  On  the  other  hand,  Eiancliini,  from 
similar  observations,  concluded  that  its  diurnal 
period  was  24  days  and  8  hours.  The  difScully 
of  deciding  between  these  two  opinions  arises 
from  the  short  time  in  which  observations  can  be 
made  on  tliis  planet,  either  before  sunrise  or  after 
arnset,  which  prevents  us  from  tracing  with  accu- 
racy the  progressive  motion  of  its  spots  for  a 
sufficient  length  of  time;  and,  allhougli  an  ob- 
server should  mark  the  motion  of  the  spots  at  the 
same  hour  on  two  succeeding  evenings,  and  find 
they  had  moved  forward  15°  in  24  hours,  he 
would  still  be  at  a  loss  to  determine  whether  they 
had  moved  only  15°  in  all  since  the  preceding 
observation,  or  had  finished  a  revolution  and  15^1 
more.  If,  therefore,  any  spots  could  be  perceived 
on  the  surface  of  Venus  in  the  day-time,  their 
motion  might  be  traced,  when  she  is  in  north  de- 
clination, for  12  hours  or  more,  which  would 
completely  settle  the  period  of  rotiition.  That  it 
is  not  improbable  that  spots  fitted  for  this  purpose 
may  be  discovered  on  her  disc  in  the  day-time, 
appears  from  some  of  the  observations  of  Cassini, 
who  saw  one  of  her  spots  when  the  sun  was 
more  than  eight  degrees  above  the  horizon.*  The 
most  distinct  and  satisfactory  views  I  have  ever 
nad  of  this  planet  were  those  which  I  obtained  in 
the  day-time,  in  summer,  when  it  was  viewed  at  a 
nigh  altitude  with  a  44 '.i  inch  achromatic  tele- 
scope, carrying  a  power  of  150.  I  have  at  such 
times  distinctly  perceived  the  distinction  between 
the  shade  and  color  of  its  margin  and  the  superior 
luster  of  its  central  parts,  and  some  spots  have 
occasionally  been  seen,  thougli  not  so  distinctly 
marked  as  to  determine  its  rotation.  Such  dis- 
tinct views  are  seldom  to  be  obtained  in  the  even- 
ing after  sunset,  on  account  of  the  undulations  of 
the  atmosphere,  and  the  dense  mass  of  vapors 
througli  which  the  celestial  bodies  are  viewed 
when  near  the  horizon. 

Nor  do  I  consider  it  altogether  improbable  that 
its  satelliie  (if  it  have  one,  as  some  have  supposed) 
may  be  detected  in  the  day-time,  when  this  planet 
is  in  a  favorable  position  for  such  an  observation, 
particularly  when  a  pretty  large  portion  of  its 
enlightened  surface  is  turned  toward  the  earth, 
and  when  its  satellite,  of  course,  must  present  a 
similar  phase.  About  the  period  of  its  greatest 
elongation  from  the  sun,  and  soon  after  it  assumes 
a  crescent  phase  in  its  approach  to  the  inferior 
conjunction,  may  be  considered  as  the  most  eligi-" 
ble  times  for  prosecuting  such  observations.  If 
this  supposed  satellite  be  about  one-third  or  one- 
fourth  of  the  diameter  of  its  primary,  as  Cassini, 
Short,  Baudouin,  Montbarron,  Montaigne,  and 
other  astronomers  supposed,  it  must  he  nearly  as 
large  as  Mercury,  which  has  been  frequently  seen 
in  daylight.  If  such  asatollile  have  a  real  exist- 
ence, and  yet  undislinguishable  in  daylight,  its 
surface  must  be  of  a  very  different  quality  for 
reflecting  the  rays  of  light  from  that  of  its  pri- 
mary; for  it  is  obvious  to  every  one  who  has  seen 
Venus  with  a  high  power  in  the  day-thne,  that  a 
body  of  equal  brilliancy,  though  four  times  less 
in  diameter,  would  be  quite  perceptible,  and  ex- 
hibit a  visible  disc.  Such  observations,  however, 
would  be  made  with  much  greater  effect  in  Italy 
and  other  southern  countries,  and  particularly  in 
tropical  climates,  such  as  the  southern  parts  of 
Asia  and  America,  and  in  the  West  India  islands, 
where  the  sky  is  more  clear  and  serene,  and  where 

*  Pee  Long's  Astronomy,  vol.  ii,  p.  487,  and  Encyclopedia 
Britaunica,  vol.  ii,  p.  436,  3d  edition. 


the  planet  may  be  viewed  at  higher  altitudes  and 
for  a  greater  length  of  time,  without  the  interrup- 
tion of  clouds,  than  in  our  island. 

Again,  the  apparent  magnitudes  of  the  fixed 
stars,  the  quantity  of  light  they  respectively  emit, 
and  the  precise  class  ot  magnitude  which  should 
be  assigned  to  them,  might  be  more  accurately 
determined  by  day  observations  than  by  their  ap- 
pearance in  the  nocturnal  sky.  All  the  stars 
which  are  reckoned  to  b  long  to  the  frst  ma</ni- 
iude  are  not  equally  liisiinguishable  in  diiylight. 
For  example,  the  stars  AUkbaran  and  Procynn 
are  not  so  easily  distinguished,  nor  uo  they  appear 
with  the  same  degive  of  luster  by  day,  as  the 
stars  a  Lyra  and  Capella.  In  like  manner,  tiie 
stars  AUair,  Alphard,  Deneb,  Ras  Alkai/ue,  consid- 
ered as  belonging  to  the  second  magnitude,  are 
not  equally  distinguishable  by  the  same  aperture 
and  magnifying  power,  which  seems  to  indicate 
that  a  different  qiianiity  of  light  is  emitted  by 
these  stars,  arising  from  a  uifference  either  in  their 
magnitude,  th'>ir  (iislance,  or  the  quality  of  the 
light  with  which  they  are  irradiated. 

The  following  are  likewise  practical  purposes 
to  which  celestial  day  observations  may  be  applied. 
In  accuratelj' adjusting  circular  and  transit  instru- 
ments,  it  is  useful,  and  even  necessary,  for  deter- 
mining the  exact  position  of  the  meridian,  to  take 
observations  of  certain  stars  which  differ  greatly 
in  zenith  distance,  and  which  transit  the  meridian 
nearly  at  the  same  time.  But  as  the  stars  best 
situated  for  this  purpose  cannot,  at  every  season, 
be  seen  in  the  evenings,  we  must,  in  certain  cases, 
wait  for  several  months  before  such  observations 
can  be  made,  unless  we  n)ake  them  in  the  day- 
time, which  can  very  easily  be  done  if  the  instru- 
ment have  a  telescope  adapted  to  it,  furnished  with 
such  powers  as  those  above  stated,  or  higher  pow- 
ers if  required.  I  have  likewise  made  use  of  ob- 
servations on  the  stars  in  the  day-time  for  adjusting 
a  clock  or  watch  to  mean  time,  when  the  sun  was 
in  a  situation  beyond  the  range  of  the  instrument, 
or  obscured  by  clouds,  and  when  1  did  not  choose 
to  wait  until  the  evening.  This  may,  at  first 
view,  appear  to  some  as  paradoxical,  since  the 
finding  of  a  star  in  daylight  depends  on  our 
knowing  its  right  ascension  from  the  sun,  and 
this  last  circumstance  depends,  in  some  measure, 
on  our  knowing  the  true  time.  But  if  a  watch 
or  clock  is  known  not  to  have  varied  above  seven 
or  eight  minutes  from  the  time,  a  star  of  the  first 
magnitude  may  easily  be  found  by  moving  the 
telescope  a  little  backward  or  forward  until  the 
star  appear;  and  when  it  is  once  found,  the  exact 
variation  of  the  movement  is  then  ascertained  by 
comparing  the  calculations  which  were  previously 
necessary  with  the  time  pointed  out  by  the  nonius 
on  the  equatorial  circle;  or,  in  other  words,  by  as- 
certaining the  difference  between  the  time  assumed 
and  the  time  indicated  by  the  instrument  when 
the  star  appears  in  the  center  of  the  field  of  view. 
All  this  may  be  accomplished  in  five  or  six 
minutes. 

Beside  the  practical  purposes  now  stated,  the 
equatorial  telescope  is  perhaps  the  best  instrument 
for  instructing  a  learner  in  the  various  operations 
of  practical  astronomy,  and  particularly  for  ena- 
bling him  to  distinguish  the  names  and  positions 
of  the  principal  stars;  for  when  the  right  a^cen- 
sion  and  declination  of  any  star  is  known  from 
astronomical  tables,  the  telescope  may  be  im- 
mediately adjusted  to  point  to  it,  which  will  Infal- 
libly prevent  his  mistaking  one  star  for  another. 
In  this  way,  likewise  the  precise  position  of  the 
planets  Mercury,  Uranus,  Vesta,  Juno,  Ceres,  Pal- 
las, a  small  comet,  a  nebula,  a  double  star  or  au" 
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other  celestial  body  not  easily  distinguishable  by 
the  naked  eye,  may  be  readily  pointed  out,  wlieu 
its  riglit  ascension  and  decliuatiou  are  known  to 
a  near  approximation. 

In  conclusion,  I  cinnot  butexpressmy  surprise 
that  the  equatorial  telescope  is  so  little  known  by 
many  of  tlie  lovers  of  astronomical  science.  In 
several  respectable  academies  in  this  part  of  Bri- 
Uiin,  and,  if  I  am  not  misinformed,  in  most  of 
our  universities,  this  instrument  is  entirely  un- 
KDOwn.  This  is  the  more  unaccountable,  as  a 
small  equatorial  may  be  purchased  for  a  moderate 
sum,  and  as  there  is  no  single  instrument  so  well 
adapted  for  illustrating  all  the  operations  of  prac- 
tical astronomy.  Where  very  great  accuracy  is 
not  required,  it  may  occasionally  be  made  to  serve 
the  o-enera!  purposes  of  a  transit  instrument  for 
observing  the  passages  of  the  sua  and  stars  across 
the  meridian.  It  may  likewise  be  made  to  serve 
as  a  theodolite  for  surveying  land  and  taking  hori- 
zontal angles — as  a  quadrant  for  taking  angles  of 
altitude — as  a  level — as  an  equal  altitude  instru- 
ment— an  azimuth  instrument  for  ascertaining  the 
sun's  distance  from  the  north  or  south  points  of 
the  horizon — and  as  an  accurate  universal  sun- 
dial, for  finding  the  exact  mean  or  true  time  on 
any  occasion  when  the  sun  is  visible.  The  man- 
ner of  applying  it  to  these  different  purposes  will 
be  obvious  to  every  one  who  is  in  the  least  ac- 
quainted with  the  nature  and  construction  of  this 
instrument. 

The  price  of  a  small  equatorial  instrument,  such 
as  that  described  p.  125,  is  about  16  guineas,  ex- 
clusive of  some  of  the  eyepieces,  which  were  af- 
terward added  for  the  purpose  of*  making  particu- 
lar observations.  Instruments  of  a  larger  size, 
and  with  more  complicated  machinery,  sell  from 
50  vo  100  guineas  and  upward.  Messrs.  W.  and 
S.  Jones,  Holborn,  Loudon,  construct  such  instru- 
ments. 

ON   THE   QUADRANT. 

Every  circle  being  supposed  to  be  divided  into 
360  equal  parts  or  degrees,  it  is  evident  that  90 
degrees,  or  the  fourth  part  of  a  circle,  will  be  suf- 
ficient to  measure  all  angles  between  the  horizon 
of  any  place  and  the  line  perpendicular  to  it  which 
goes  up  to  the  zenith.  Thus,  in  fig.  87,  the  line 
C  B  represents  the  plane  of  the  horizon.  A  C  B 
H,  the  quadrant;  A  C  the  perpendicular  to  the  ho- 
rizon; and  A,  the  zenith  point.  If  the  lines  B  C 
and  C  A  represent  a  pair  of  compasses  with  the 
legs  standing  perpendicular  to  each  other,  and  the 
curved  liuess  A  B,  D  E, 
and  F  G,  the  quarter  of  as 
many  circles  of  different 
sizes,  it  is  evident  that  al- 
though each  01  these  dif- 
fers from  the  others  in  size, 
yet  that  each  contains  the 
same  portion  of  a  circle, 
iiiifly,  a  quadrant  or 
fourth    part;    and    thus    it 

. i  would  be  from  the  smallest 

L     Or     E  B  to  the  largest  quadrant  that 

could     be    formed they 

would  all  contain  exactly  90  degrees  each.  By 
the  application  of  tiiis  principle,  tlie  comparative 
measure  of  angles  may  be  extended  to  an  imlrfi- 
nite  distance.  By  means  of  an  instrument  con- 
structed in  the  form  of  a  quadrant  of  a  circle, 
with  its  curved  edge  divided  into  90  equal  parts, 
the  altitude  of  any  object  in  the  heavens  can  at 
an/  time  be  determined. 

There  are  various  constructions  of  this  instru- 
ment, some  of  them  extremely  simple,  and  others 


considerably  complex  and  expei.sive,  according 
to  the  degree  of  accuracy  which  the  observations 
require  The  following  is  a  description  of  the 
Pillar  Quadrant,  as  it  was  made  by  Mr.  Bird  for 
the  Observatory  of  Greenwich,  and  several  Con- 
tinental observatories. 

This  instrument  consists  of  a  quadrant,  EEH 
G  Z.  (fig. 88,)  mounted  on  a  pillar  ^,  which  ia 
supi)orted  by  a  tripod,  A  A,  resting  on  three  foot- 
screws.  The  quadrant,  the  pillar,  and  the  hori- 
zontal circle  all  revolve  round  a  vertical  axis.  A 
telescope,  H,  is  placed  on  the  horizontal  radius, 
and  is  directed  to  a  meridian  mark  previously  made 
on  some  distant  object  for  placing  the  plane  of  the 
instrument  in  the   meridian,  and  also  for  setting 


Fig.  87. 


the  zero,  or  beginning  of  the  scale,  truly  horizon 
tal.  This  is  sometimes  done  by  a  level  instead 
of  a  telescope,  and  sometimes  by  a  plumb-line, 
G,  suspended  from  near  the  center,  and  brought 
to  bisect  a  fine  dot  made  on  the  limb,  where  a  mi- 
croscope is  placed  to  examine  the  bisection.  The 
weight  or  plummet  at  the  end  of  the  plumb-line 
is  suspended  in  the  cistern  of  water  b,  which  keeps 
it  from  being  agitated  by  the  air.  A  similar  dot 
is  made  for  the  upper  end  of  the  plumb-line  upon 
a  piece  of  brass,  adjustable  by  a  screw,  d,  in  order 
that  the  line  may  be  exactly  at  right  angles  to  the 
telescope  when  it  is  placed  at  0.  The  quadrant  is 
screwed  by  the  center  of  its  frame  against  a  piece 
of  brass,  e,  with  three  screws,  and  this  piece  is 
screwed  to  the  top  of  the  pillar  B  with  other 
three  screws.  By  means  of  the  first  three  screws 
the  plane  of  the  quadrant  can  be  placed  exactly 
parallel  to  tlie  vertical  axis,  and  by  the  other 
screws  the  telescope  //,  can  be  placed  exactly  per- 
pendicular to  it.  The  nut  of  the  delicate  screw 
L  is  attached  to  the  end  of  the  telescope  F  by  a 
universal  joint.  The  collar  for  the  other  end  is 
jointed  in  the  same  manner  to  a  clamp,  which 
can  be  fastened  to  any  part  of  the  limb.  A  simi- 
lar clamp  screw  and  slow  motion  is  seen  at  n  for 
the  lower  circle,  which  is  intended  to  hold  the 
circle  fast  and  adjust  its  motion.  The  divisions  of 
the  lower,  or  horizontal  circle,  are  read  by  verni- 
ers, or  noniuses,  fixed  to  the  aims  of  the  tripod  at 
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I  and  m/  and,  in  some  cases,  three  are  used  to  ob- 
tain greater  accuracy. 

In  using  this  quadrant,  the  axis  of  the  telescope 
H  is  adjusted  to  a  horizontal  line,  and  the  plane 
of  the  quadrant  to  a  vertical  line  by  the  means 
already  stated.  The  screw  of  the  clamp  i  is  then 
loosened,  and  the  telescope  directed  to  the  star  or 
other  object  whose  altitude  is  required.  The 
clamp-screw  being  fixed,  the  observer  looks  through 
the  telescope,  and  with  the  nut  of  the  screw 
L  he  brings  the  telescope  into  aposition  where  the 
star  is  bisected  by  the  intersection  of  the  wires  in 
the  field  of  the  telescope.  The  divisions  are  then 
to  be  read  off  upon  tiie  vernier,  and  the  altitude 
of  the  star  will  be  obtained.  By  means  of  tiie 
horizontal  circle  D,  all  angles  in  the  plane  of 
the  horizon  may  be  accurately  measured,  such  as 
the  amplitudes  and  azimuths  of  the  celestial  bodies. 

Quadrants  of  a  more  simple  construction  than 
the  above  may  be  occasionally  used,  such  as  Gun- 
ter's,  Cole's,  Sutton's,  and  others;  but  none  of 
these  is  furnished  with  telescopes  or  telescopic 
sights,  and  therefore  an  altitude  cannot  be  obtained 
by  them  with  the  same  degree  of  accuracy  as  with 
that  which  has  been  now  described. 

By  means  of  the  quadrant,  not  only  the  alti- 
tudes of  the  heavenly  bodies  may  be  determined, 
but  also  the  distances  of  objects  on  the  earth  by 
observations  made  at  two  stations;  the  altitude  of 
fireballs  and  other  meteors  in  the  atmosphere;  the 
bight  of  a  cloud  by  observation  on  its  altitude 
and  velocity;  and  numerous  other  problems,  the 
solution  of  which  depends  upon  angular  measure- 
ments. A  Mural  Quadrant  is  the  name  given  to 
this  instrument  when  it  is  fixed  upon  a  wall  of 
stone,  and  in  the  plane  of  the  meridian,  such  as 
the  quadrant  which  was  erected  by  Flamstead  in 
the  Observatory  at  Greenvpich.  Although  the 
quadrant  was  formerly  much  used  in  astronomi- 
cal observations,  yet  it  may  be  proper  to  state  that 
Its  use  has  now  been  almost  completely  super- 
ceded by  the  recent  introduction  of  Astronomical 
Circles,  of  which  we  shall  now  give  the  reader  a 
very  short  description,  chiefly  taken  from  Trough- 
ton's  account  of  the  instrument  he  constructed, 
as  found  in  Sir  D.  Brewster's  Supplement  to  Fer- 
guson's Astronomy. 

THE   ASTRONOMICAL    CIRCLE. 

An  astronomical  circle  is  a  complete  circle  sub- 
stituted in  place  of  the  quadrant,  ;ind  differs  from 
it  only  in  the  superior  accuracy  with  which  it 
enables  the  astronomer  to  make  his  observations. 
The  large  vertical  or  declination  circle  C  C  (fig. 
89)  is  composed  of  two  complete  circles,  strength- 
ened by  an  edge-bar  on  their  inside,  and  firmly 
united  at  their  extreme  borders  by  a  number  of 
short  braces  or  bars,  which  stand  perpendicular 
between  them,  and  which  keep  them  at  such  a 
distance  as  to  admit  the  achromatic  telescope  T 
T.  This  double  circle  is  supported  by  16  coni- 
cal bars,  firmly  united,  along  with  the  telescope 
to  a  horizontal  axis.  The  exterior  limb  of  each 
circle  is  divided  into  degrees  and  parts  of  a  de- 
gree, and  these  divisions  are  divided  into  seconds 
by  means  of  the  micrometer  microscopes  m  m. 
which  read  off  the  angle  on  opposite  sides  of  each 
circle.  The  cross  wires  in  each  micros^'ope  may 
be  moved  over  the  limb,  until  they  coincide  with 
tiie  nearest  division  of  the  limb,  by  means  of  the  mi- 
rrometer  screws  c  c,  and  the  space  moved  through 
is  ascertained  by  the  divisions  on  tlve  graduated 
head  above  c,  assisted  by  a  scale  within  tiie  micro- 
scope. The  microscopes  are  supported  by  two 
•rms  proceeding  from  a  small  circle  concentric 


with  the  horizontal  axis,  and  fixed  to  the  vertical 
columns.  This  circle  is  the  center  upon  which 
they  can  turn  round  nearly  a  quadrant  for  the 
purpose  of  em|)loying  a  new  portion  of  the  divi- 
sions of  the  circle,  when  it  is  reckoned  prudent 
to  repeat  any  delicate  observations  upon  any 
part  of  the  limb.  At  h  is  represented  a  level  for 
placing  the  axis  in  a  true  horizontal  line,  and  at 
k  is  fixed  another  level  parallel  to  the  telescope 
for  bringing  the  zero  of  the  divisions  to  a  horizon- 
tal position.  The  horizontal  axis  to  which  the 
vertical  circle  and  the  telescope  are  fixed  is  equal 
in  length  to  the  distance  between  the  vertical 
pillars,  and  its  pivots  are  supported  by  semicircu- 
lar bearings  placed  at  the  top  of  each  pillar 
These  two  vertical  pillars  are  firndy  united  at 
their  bases  to  a  crossbar,  /.  To  this  crossbar  is 
also  fixed  a  vertical  axis  about  three  feet  long,  the 

Fig.  89. 


end  of  which,  terminatmg  in  an  obtuse  point, 
rests  in  a  brass  conical  socket  firndy  fastened  f. 
the  bottom  of  the  hollow  in  the  ston?  pedestal  D, 
which  receives  the  vertical  axis.  This  socket 
supports  the  whole  weight  of  the  movable  part 
of  the  instrument.  The  upper  part  of  the  vertical 
axis  is  supported  by  two  piecfs  of  brass,  on'>  o' 
which  is  seen  at  e,  screwed  to  the  ring  i,  and  con- 
taining a  right-angle,  or  F.  At  each  side  of  tiie 
ring,  opposite  to  the  points  of  contact,  is  placed  a 
tube  containing  a  heliacal  spring,  which,  by  a 
constant  pressure  on  the  axis,  keeps  it  against  its 
bearings,  and  permits  it  to  turn,  in  tijese  four 
points  of  contact,  whih  an  easy  and  steady  mo- 
tion. The  two  bearings  are  fixed  upon  two  rings 
capable  of  a  lateral  adjustment;  the  lower  one  by 
the  screw  d,  to  incline  the  axis  to  the  east  or  west, 
while  the  screw  b  gives  the  upper  one,  i,  a  motion 
in  the  plane  of  the  meridian.  By  this  means  the 
axis  may  be  adjusted  to  a  perpendicular  position 
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as  exactly  as  by  the  usual  method  of  the  tripod 
with  fqot-scraws.  Tliese  rinjrs  are  attached  to  tlie 
ceiitiT-piece  s,  wiiicii  is  tinnly  connected  vvitli 
tl)e  ui>|)t'r  suifiice  of  the  slone  by  six  coniciil 
tubes  A,  A,  A,  &c..  and  brass  standards  at  every 
angle  of  the  i)ed;-slul.  Bilow  this  frame  lies  the 
azimuth  circle,  E  E,  consisting  of  a  circular 
limb,  strengthened  by  ten  oilow  cones  firmly 
united  with  the  vertical  axis,  and  consequently 
tnrniiig  freely  along  with  it.  The  azimuth  circle, 
E  E,  is  divided  and  read  off'  in  the  same  manner 
as  the  vertical  circle.  The  arms  of  the  micro- 
scopes, B  B,  project  from  the  ring  i,  and  the  mi- 
croscopes themselves  are  adjustable  by  screws,  to 
bring  them  to  zero  and  to  the  diameter  of  the 
circle.  A  little  above  the  ring  i  is  fixed  an  arm, 
li,  whicli  embraces  and  holus  fast  the  vertical 
axis  with  the  aid  of  a  clamp-screw.  The  arm  L 
is  connected  at  the  extremity  with  one  of  tlie 
arms  A,  by  means  of  the  screw  a,  so  that  by 
turning  this  screw  a  slow  motion  is  commu- 
nicated to  the  vertical  axis  aud  the  azimuth 
circle. 

In  order  to  place  the  instrument  in  a  true  ver- 
tical position,  a  plumb-line,  made  of  fine  silver 
wire,  is  suspended  from  a  small  hook  at  the  top 
of  the  vertical  tube  n,  connected  by  braces  with 
one  of  the  large  pillars.  The  plumb-line  passes 
through  an  angle  in  which  it  rests,  and  by  means 
of  a  screw  may  be  brought  into  the  axis  of  the 
tube.  The  plummet  at  the  lower  end  of  the  line 
is  immersed  in  a  cistern  of  water,  t,  in  order  to 
check  its  oscillations,  and  is  supported  on  a  shelf 
proceeding  from  one  of  the  pillars.  At  the 
lower  end  of  the  tube  n  are  fixed  two  micro- 
scopes, 0  and  p,  at  right-angles  to  one  another, 
and  opposite  to  each  is  placed  a  small  tube  con- 
taining a  lucid  point.  The  plumb-line  is  then 
brought  into  such  a  position  by  the  screws  d  h, 
and  by  altering  the  suspension  of  the  plumb-line 
itself,  that  the  image  of  the  luminous  point,  like 
the  disc  of  a  planet,  is  formed  on  the  plumb-line, 
and  accurately  bisected  by  it.  The  vertical  axis 
is  then  turned  round,  and  the  plumb-line  exam- 
ined in  some  other  position.  If  it  still  bisects 
the  luminous  point,  the  instrument  is  truly  verti- 
cal; but  if  it  does  not,  one  half  of  the  deviation 
must  be  corrected  by  the  screws  d  h,  and  the 
other  half,  by  altering  the  suspension  of  the  line 
until  the  bisection  of  the  circular  image,  is  per- 
fect in  every  position  of  the  instrument. 

It  is  not  many  years  since  circular  repeating 
instruments  came  into  general  use.  Tlie  princi- 
ple on  wliich  the  construction  of  a  repeating 
circle  is  founded  appe'irs  to  have  been  first  sug- 
gested by  Professor  M'jyer,  of  Gottingen,  in  1758; 
but  the  first  person  who  applied  this  priiici])le  to 
measure  round  the  limb  of  a  divided  instrument 
was  Borda,  who  about  the  year  1799,  caused  a 
repealing  circle  to  be  constructed  that  would 
measure  with  equal  facility  horizontal  and  verti- 
cal angles.  Afterv/ard  Mr.  Troughtun  greatly 
improved  the  construction  of  Borda's  instrument 
by  the  introduction  of  sever:il  contrivances,  which 
insure,  at  the  same  time,  its  superior  accuracy 
and  convenience  in  use;  and  his  instruments  have 
been  introduced  into  numerous  observatories. 
Circular  instruments,  on  a  large  scale,  have  been 
placed  in  the  Royal  Observatory  of  Greenwich, 
and  in  most  of  the  principal  observatories  on  the 
Continent  of  Europe.  Although  it  is  agreed  on 
all  hands  that  greater  accuracy  may  be  obtained 
by  a  repeating  circle  than  by  any  other  having 
the  same  radius,  yet  there  are  some  objections  to 
its  use  which  do  not  apply  to  the  altitude  and 
azimuth  circle.     The  following  are  the  principal 


objections,  as  stated  in  vol.  i,  of  the  Memoirs  of 
the  Astronomical  Society  of  London:"  1.  The 
origin  of  the  repeating  circle  is  due  to  bad  dioid- 
ing,  which  ought  not  to  be  tolerated  in  any  instru- 
ment in  the  present  state  of  the  art.  "2.  There 
are  three  sources  of  fixed  error  which  cannot  be 
extermiiiated,  as  they  depend  more  on  the  mate- 
rials than  on  the  workmanship;  first,  the  zero  of 
the  level  changes  with  variations  of  temperature; 
secondly,  the  re.sistance  of  tbe  center  work  to  the 
action  of  the  tangent  screws  ;  anti,  tliirdly,  the 
imperfection  of  the  screws  in  |)roducing  motion 
and  in  securing  permanent  positions.  3.  The 
instrument  is  applied  with  most  advantage  to 
slowly  moving  or  circumpolar  stars;  but  in  low 
altitudes  these  stars  are  t^eeu  near  the  horizon, 
where  refraction  interferes.  4.  Mucb  time  and 
labor  are  expended,  first  in  making  the  observa- 
tion'', and  agaiu  in  reducing  them.  5.  When 
any  one  step  in  a  series  of  observations  is  bad, 
the  whole  lime  and  labor  are  absolutely  lost.  6. 
When  the  instrument  has  a  telescope  of  small 
power,  the  observations  are  charged  with  errors 
of  vision  which  the  repealing  circle  will  not  cure. 
7.  This  instrument  cannot  be  used  as  a  transit 
instrument,  nor  for  finding  the  exact  meridian  of 
a  place. 

A  great  variety  of  directions  is  necessary  in 
order  to  enable  the  student  of  practical  astronomy 
thoroughly  to  understand  and  to  apply  this  instru- 
ment to  practice,  which  the  limited  nature  of  the 
present  work  prevents  us  from  detailing.  As  this 
instrument  consists  of  a  variety  of  complicated 
pieces  of  machinery,  it  is  necessarily  somewhat 
expensive.  A  six-inch  brass  astronomical  circle 
for  altitudes,  zenith  or  polar  distances,  azimuths, 
with  achromatic  telescopes,  &:c.,  is  marked  iu 
Messrs.  W.  and  S.  Jones's  catalogue  of  astronom* 
ical  instruments  at  jE27  6s.  A  circle  12  inches  in 
diameter,  from  £36  15s.  to  £68  5s.  An  IS  inch 
ditto,  of  the  best  construction,  £105.  The  larger 
astronomical  circles  for  public  observatories,  from 
100  to  1000  guineas  and  upward,  according  to  their 
size,  and    the    peculiarity  of   their  constructiou. 

THE  TRANSIT  INSTRUMENT. 

A  transit  instrument  is  intended  for  observing 
celestial  objects  as  they  pass  across  the  meridian. 
It  consists  of  a  telescope  fixed  at  right  angles  to  a 
horizontal  axis,  which  axis  must  be  so  supi)orted 
that  what  is  called  the  line  of  collimatinn,  or   the 
line  of  sight  of  the  telescope,  may  move  in   the 
plane  of  the  meridian.      This  instrument  was  first 
invented  by  Romer,  in  the  year  1689,  but  has  since 
received    great    improvements     by     Troughton, 
Jones,  and  other  modern  artists.     Transit  instru- 
ments may  be  divided  info  two  classes.  Portable 
and    Fixed.       The    portable    instrument,   when 
placed  truly  in    the  meridian,  and  well  adjusted, 
may  be  advantageously  used  as  a  stationary  in- 
strument  in  an  observatory,  if  its  dimensions  be 
such  as  to  admit  of  a  telescope  of  3}4  feet  focal 
length;  but  when  the  main  tube   is  only  from  29 
to  30  inches  long,  with  a  proportional  aperture,  it 
is  more  suited  for  a  traveling  instrument  to  give 
the   exact  time;  and,   when   carried  on    board   a 
ship  in  a  voyage  of  discovery,  may  be  taken  on 
shore  at  any  convenient   place   for  determining 
the  solar  time  of   that  place,  and   for  correcting 
the  daily  rate  of  the  chronometer,  giving  the  tim« 
at  the   first   meridian,   so    that   the   longitude   of 
tbe  place  of  observation   may  be   obtained   from 
the   difference    of    the    observed    and    indicated 
times,   after  the  proper  corrections  have   beea 
made. 
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The  following  is  a  brief  description  of  one  of 
Mr.  Trougliton's  portable  transit  iiistrutneuts. 
In  fig.  9  ),  P  F  is  an  achromatic  telescope  firmly 
fixed  by  the  middle  to  a  double  conical  and  hori- 
zontal axis  H  H,  the  pivots  of  wliich  rest  on  an- 
gular bearings  called  F's,  at  the  lop  of  the  stan- 
dards B  B,  rendered  steady  by  obliiiue  braces  D  D, 
fastened  to  the  central  part  of  the  circle  A  A.  In 
large  fived  instruments,  the  pivots  and  angular 
bearings  are  supported  on  two  massive  stone  pil- 
lars, sunk  several  feet  into  the  ground,  and  are 
sonieti.iies  supported  by  mason-work,  to  se- 
cure perfect  stability.  The  axis  H  H  has  two 
adjustments,  one  for  making  it  exactly  level, 
and  the  other  for  placing  the  telescope  in  the 
meridian.  A  graduated  circle,  L,  is  fixed  to 
the  extremity  of  the  pivot,  which  extends  be- 
yond one  of  (he  Y's  and  tlie  two  radii  that 
carry  the  verniers,  a  a,  are  fitted  to  the  extre- 
mities of  the  pivot  in  such  a  way  as  to  turn 
round  independent  of  the  axis.  The  double  ver- 
niers have  a  small  level  attached  to  them,  and  a 
tliird  arm,  6,  which  is  connected  with  the  standard 
B  by  means  of  a  screw,  s.  If  the  verniers  are 
placed,  by  means  of  the  level,  in  a  true  horizontal 
position,  when  the  axis  of  the  telescope  is  hori- 
zontal, and  the  arm  b  screwed  by  tiie  screws  to 
the  standard  B,  the  verniers  will  always  read  off 

Fig.  90. 


the  inclination  of  the  telescope,  and  will  enable 
the  observer  to  point  it  to  any  star  by  means  ,of 
its  meridian  altitude.  The  whole  instrument 
rests  on  three  foot-screws  entered  into  the  circle 
A  A.  In  the  field  of  view  of  the  telescope  there 
are  several  parallel  vertical  wires,  crossed  at  right 


angles  with  a  horizontal  one,  and  the  telescope  is 
sometimes  furnished  with  a  diagonal  eyepiece  for 
observing  stars  near  the  zenith.  A  level  likewise 
generally  accompanies  the  instrument,  in  order  to 
place  it  horizontal  by  being  applied  to  the  pivots 
of  the  axis. 

In  order  toiix  the  transit  instrument  exactly  in 
the  meridian,  a  good  clock  regulated  to  sidereal 
time  is  necessary.  This  regulation  may  be  ef- 
fected by  taking  equal  altitudes  of  the  sun  or  a 
star  before  and  after  they  pass  the  meridian,  which 
may  be  done  by  small  quadrants  or  by  a  good 
sextant.  The  axis//  of  tiie  instrument  is  th.eii  to 
he  placed  horizontal  by  a  spirit  level,  which  ac- 
companies the  transit,  and  the  greatest  care  must 
be  taken  that  the  axis  of  vision  describes  in  the 
heavens  a  great  circle  of  the  sphere.  To  ascer- 
tain whether  the  telescope  be  in  the  plane  of  the 
meriaian,  observe  by  the  clock  when  a  circum- 
polar  star  seen  through  the  telescope  transits  both 
above  and  below  the  pole,  and  if  the  times  of  de- 
scribing the  eastern  and  western  parts  of  its  cir- 
cuit be  equal,  the  telescope  is  then  in  the  plane  of 
the  meridian;  otherwise,  certain  adjustments  must 
be  made.  When  the  telescope  is  at  length  per- 
fectly adjusted,  a  landmark  must  be  fixed  upon  at 
a  considerable  distance,  the  greater  the  better. 
This  mark  must  be  in  the  horizontal  direction  of 
the  intersection  of  the  cross  wires,  and  in  a  place 
where  it  ca'n  be  illuminated,  if  possible,  in  the 
night-time,  by  a  lantern  hanging  near  it;  which 
mark  being  on  a  fixed  object,  will  serve  at  all 
times  afterward  for  examining  the  position  of  the 
telescope. 

Various  observations  and  adjustments  are  requi- 
site in  order  to  fixing  a  transit  instrument  exactly 
in  the  plane  of  the  meridian.  There  is  the  adjust- 
ment of  the  level;  the  horizontal  adjustment  of 
the  axis  of  the  telescope;  the  placing  of  tiie  paral- 
lel lines  in  the  focus  of  the  eyeglass,  so  as  to  be 
truly  vertical,  and  to  determine  the  equatorial 
value  of  their  intervals;  the  coUimation  in  azt- 
muth,  so  that  a  line  passing  from  the  middle  ver- 
tical line  to  the  opiical  center  of  the  object-glass 
is  at  right  angles  with  the  axis  of  the  telescope's 
motion;  the  collimation  in  altitude,  so  that  the 
horizontal  line  should  cross  the  parallel  vertical 
lines,  not  only  at  right  angles,  but  also  in  the  opti- 
cal center  of  the  field  of  view,  with  various  other 
particulars,  but  of  which  our  limited  space  will 
not  permit  us  to  enter  into  details.  Those  who 
wish  to  enter  into  all  the  minute  details  in  refer- 
ence to  the  construction  and  practical  applicalioa 
of  this  and  the  other  instruments  above  described, 
as  well  as  all  the  other  instruments  used  by  the 
practical  astronomer,  will  find  ample  satisfaction 
in  perusing  the  Rev.  Dr.  Pearson's  Introduction 
to  Practical  Astronomy,  4to,  vol.  ii. 

A  portable  transit  instrument,  with  a  cast-iron 
stand,  (lie  axis  12  inches  in  length,  and  the  achro- 
matic telescope  about  20  inches,  packed  in  a  case 
sells  at  about  16  guineas;  with  a  brass -framed 
stand  and  other  additions,  at  about  20  guineas. 
Transit  instruments  of  larger  aiinensions  ar« 
higher  in  proportion  to  their  size,  &c. 
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ON    OBSERVATORIES. 


In  order  to  make  observations  with  convenience 
and  effect  on  the  iieavenly  bodies,  it  is  expedient 
that  an  observalory,  or  place  for  making  tlie  requi- 
Bile  observations,  be  erected  in  a  proper  situation. 
The  following  are  some  of  the  leading  features  of 
a  spot  adapted  for  making  celestial  observations: 
1.  It  should  command  an  extensive  visible  hori- 
zon all  around,  particularly  toward  the  south 
and  the  north.  2.  It  should  be  a  little  elevated 
above  surrounding  objects.  3.  It  should  be,  if 
possible,  at  a  considerable  distance  from  manufac- 
tories, and  other  objects  which  emit  much  smoke 
or  vapor,  and  even  from  chimney-tops  where  no 
sensible  smoke  is  emitted,  as  the  heated  air  from 
the  top  of  funnels  causes  undulations  in  the  at- 
mosphere. 4.  It  should  be  at  a  distance  from 
Bwampy  ground  or  valleys  that  are  liable  to  be 
covered  with  fogs  and  exhalations.  5.  It  should 
not,  if  possible,  be  too  near  public  roads,  particu- 
larly if  paved  with  stones,  and  frequented  by 
heavy  carriages,  as  in  such  situations  undulations 
and  tremulous  motions  may  be  produced  injurious 
to  the  making  of  accurate  observations  with 
graduated  instruments.  6.  It  is  expedient  that 
the  astronomical  observer  should  have  access  to 
some  distant  field  within  a  mile  of  the  observato- 
ry, on  which  a  meridian  mark  may  be  fixed  after 
his  graduated  instruments  are  properly  adjusted. 
The  distance  at  which  a  meridian  mark  should  be 
erected  will  depend  in  part  on  the  focal  length  of 
the  telescope  generally  used  for  making  observa- 
tions on  the  right  ascensions  and  declinations  of 
the  stars.  It  should  be  fixed  at  such  a  distance 
that  the  mark  may  be  distinctly  seen  without 
altering  the  focus  of  the  telescope  when  adjusted 
to  the  sun  or  stars,  which,  in  most  cases,  will  re- 
quire to  be  at  least  half  a  mile  from  the  place  of 
observation,  and  more  if  it  can  be  obtained. 

Observatories  may  be  distinguished  into  public 
and  private.  A  private  observatory  may  be  com- 
prehended in  a  comparatively  small  buikling,  or 
in  the  wing  of  a  building  of  ordinary  dimensions 
for  a  family,  provided  the  situation  is  adapted  to  it. 
Most  of  our  densely  peopled  towns  and  cities, 
which  abound  in  narrow  streets  and  lanes,  are  ge- 
nerally unfit  for  good  observatories,  unless  at  an 
elevated  position  at  their  extremities.  Public  ob- 
servatories, where  a  great  variety  of  instruments 
is  used,  and  where  different  observers  are  employ- 
ed, require  buildings  of  larger  dimensions,  divid- 
ed into  a  considerable  number  of  aj)artments. 
The  obsen-atory  of  Greenwich  is  composed  prin- 
cipally of  two  separate  buildings,  one  of  which  is 
the  observatory  properly  so  called,  where  the  as- 
sistant lives  and  makes  all  his  observations;  the 
other  is  the  dwelling-house  in  which  the  astrono- 
mer royal  resides.  The  former  consists  of  three 
rooms  on  the  ground-floor,  the  middle  of  which 
is  the  assistant's  sitting  and  calculating  room, 
furnished  with  a  small  library  of  such  books  only 
as  are  necessary  for  his  computations,  and  an  ac- 
curate, clock  made  by  the  celebrated  Graham, 
which  once  served  Dr.  Halley  as  a  transit  clock. 
(138) 


Immediately  over  this  is  the  assistant's  bedroom, 
with  an  alarum  to  awake  him  to  make  his  obser- 
vations at  tiie  proper  time.  The  room  on  the 
eastern  side  of  this  is  called  the  transit-room,  in 
which  is  an  eight  feet  transit  instruuient,  with  an 
axis  of  three  feet,  resting  on  two  [deces  of  stone, 
made  by  Mr.  Bird,  but  successively  improved  by 
Messrs.  Dollond,  Trouglilon,  and  others.  Here 
is  also  a  chair  to  observe  with,  the  back  of  which 
lets  down  to  any  degree  of  elevation  that  conve- 
nience may  require.  On  the  western  side  is  the 
quadrant-room,  with  a  stone  pier  in  the  middle 
running  north  and  south,  having  on  its  eastern 
face  a  mural  quadrant  of  eight  feet  radius,  by 
which  observations  are  made  on  the  southern 
quarter  of  the  meridian,  through  an  opening  in 
the  roof  of  three  feet  wide,  produced  by  means  of 
two  sliding  shutters.  On  the  western  face  is 
another  mural  quadrant  of  eight  feet  radius,  the 
frame  of  which  is  of  iron  and  the  arch  of  brass, 
which  is  occasionally  applied  to  the  north  quarter 
of  the  meridian.  In  the  same  room  is  the  famous 
zenith  sector,  twelve  feet  long,  with  which  Dr. 
Bradley  made  the  observations  which  led  to  tho 
discovery  of  the  nutation  of  the  earth's  axis  and 
the  aberration  of  the  light  of  the  fixed  stars. 
Here  are  also  Dr.  Hooke's  reflecting  quadrant, 
and  three  time-keepers  by  Harrison.  On  the 
south  side  of  this  room  a  small  wooden  building 
is  erected  for  the  purpose  of  observing  the  eclipses 
of  Jupiter's  satellites,  occultations  of  stars  by  the 
moon,  and  other  phenomena  which  require  mere- 
ly the  use  of  a  telescope,  and  the  true  or  mean 
time.  It  is  furnished  with  sliding  shutters  on 
the  roof  and  sides  to  view  an)'  part  of  the  hemi- 
sphere from  the  prime  vertical  down  to  the  south- 
ern horizon.  It  contains  a  forty  inch  achromatic 
with  a  triple  object-glass,  and  also  a.  five  feet 
achromatic  by  Messrs.  John  and  Peter  Dollond, 
a  two  feet  reflecting  telescope  by  Edwards,  and 
a  six  feet  reflector  by  Herschel.  Above  the  dwel- 
ling-house is  a  large  octagonal  room,  which  is 
made  the  repository  for  certain  old  instruments, 
and  for  those  whicli  are  too  large  to  be  used  in 
the  other  apartments.  Among  many  other  in- 
struments, it  contains  an  excellent  ten  feet  ach- 
romatic by  Dollond,  and  a  six  feet  reflector  by 
Short.  Upon  a  platform,  in  an  open  spacR,  is 
erected  the  great  reflecting  telescojie  constructed 
by  Mr.  Ramage  of  Aberdeen,  on  the  Herschelian 
principle,  which  has  a  speculum  of  15  inches 
diameter  and  25  feet  focal  length,  remarkable  for 
the  great  accuracy  and  brilliancy  with  which  it 
exhibits  celestial  objects.  Various  other  instru- 
ments of  a  large  size  and  of  modern  construction 
have  of  late  years  been  intiroduced  into  this  ob- 
servatory, such  as  the  large  and  splendid  transit 
instrument  constructed  by  Trougliton,  in  1816, 
the  two  b!r,irp  n'lrral  cirr-l  >=  by  "roughton  and 
Jones,  the  transit  clock  by  Mr.  Hardy,  and 
several  other  instruments  and  apparatus  which 
it  would  be  too  tedious  to  enumerate  and 
describe. 
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Every  observatory,  whether  public  or  private, 
should  be  furnislied'  with  the  following  instru- 
ments: 1.  A  transit  instrument  for  observing  the 
meridian  passage  of  the  sun,  planets,  and  stars. 
2.  A  good  clock,  whose  accuracy  may  be  depend- 
ed upon.  3.  An  aoiiromatic  telescope  of  at  least 
44  inches  focal  distance,  with  powers  of  from  45 
to  180,  for  viewing  planetary  and  other  phenom- 
ena; or  a  good  reflecting  telescope  at  least  three 
feet  long,  and  the  speculum  five  inches  in  diam- 
eter. 4.  An  equatorial  instrument,  for  viewing 
the  stars  and  planets  in  the  day-time,  and  for 
finding  the  right  ascension  and  declination  of 
a  comet,  or  any  other  celestial  phenomenon. 
Where  this  instrument  is  possessed,  and  in  cases 
where  no  great  degree  of  accuracy  is  required, 
the  equatorial  may  be  made  to  serve  the  general 
purposes  of  a  transit  instrument. 

A  private  observatory  might  be  constructed  in 
any  house  which  has  a  commanding  view  of  the 
heavens,  provided  there  is  an  apartment  in  it  in 
which  windows  may  be  placed,  or  openings  cut 
out  fronting  the  north,  the  south,  the  east,  and 
the  west.  The  author  of  this  work  has  a  small 
observatory  erected  on  the  top  of  his  house, 
which  commands  a  view  of  2U  miles  toward  the 
east,  30  miles  toward  the  west  and  nortli-west, 
and  about  twenty  miles  toward  the  south,  at  an 
elevation  of  more  than  2IJ0  feet  above  the  level 
of  the  sea  and  the  banks  of  the  Tay,  which  are 
about  half  a  mile  distant.  The  apartment  is  121^ 
feet  long  by  8i.<  wide,  and  8^4  feet  between  the 
floor  and  the  roof.  It  has  an  opening  on  the 
north,  by  which  observations  can  be  made  on  the 
pole-star;  a  window  on  the  south,  by  which  the 
meridian  passages  of  the  heavenly  bodies  may  be 
observed;  anollier  opening  toward  the  cast,  and  a 
fourth  opening,  consisting  of  a  door,  tovi'ard  the 
west.  There  is  a  pavement  of  lead  on  the  out- 
side, all  around  the  observatory-room,  inclosed 
by  a  stone  parapet  3'.<  feet  high,  the  upper  part 
of  which  is  coped  with  broad  flat  stones,  iji  cer- 
tain parts  of  which  grooves  or  indentations  are 
made  for  receiving  the  feet  of  the  pedestal  of  an 
achromatic  telescope,  which  form  a  steady  support 
for  the  telescope  in  the  open  air,  when  the 
weather  is  calm  and  serene,  and  when  observa- 
tions ai-e  intended  to  be  made  on  any  region  of 
the  heavens.  By  placing  an  instrument  on  this 
parapet,  it  may  be  directed  to  any  point  of  the 
celestial  canopy  except  a  small  portion  near  the 
northern  liorizon,  which  is  partly  intercepted 
by  a  small  hill.  In  the  following  ground  plan, 
fig.  91,  A  ^1  A  is  the  parapet  surrounding  the  ob- 
servatory room:  B  B  B,  n  walk  around  it  nearly 
three  feet  broad,  covered  with  lead.  O  is  the 
apartment  for  the  observatory,  having  an  opening, 
C,  to  the  north;  another  opening,  D,  to  the  east; 
£  is  a  window  which  fronts  the  south,  and  F  is 
a  door  fronting  the  west,  by  which  an  access  is 
obtained  to  the  open  area  on  the  outside.  G  H  I 
is  an  area  on  the  outside,  toward  the  south,  co- 
vered with  lead,  15  feet  long  from  G  to  //,  and 
63^  feet  from  E  to  /,  from  which  a  connnanding 
view  of  the  southern,  eastern,  and  western  por- 
tions of  the  heavens  may  be  obtained:  ee  ee  are 
positions  on  the  top  of  the  parapet  where  a  tele- 
scope may  be  conveniently  placed,  when  obser- 
vations are  intended  to  be  made  in  tlie  open  air. 
The  top  of  this  parapet  is  elevated  about  30  feet 
from  the  level  of  the  ground.  On  the  roof  of 
the  observatory,  about  12  feet  above  its  tloor,  on 
the  outside,  is  a  platform  of  lead,  surrounded  by 
a  railing  six  feet  by  five,  with  a  seat,  on  which 
observations  either  on  celestial  or  terrestrial  ob- 
jects may  occasionally  be  made.  K  is  a.  door  or 
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hatchway,  which  forms  an  entrance  into  tho  ob- 
servatory from  the  apartments  below,  which 
folds  down,  and  forms  a  portion  of  the  floor. 

Fig.  91. 

A  North. 


A  South.  A 

In  public  observatories,  where  zenith  or  polar 
distances  require  to  be  measured,  it  is  necessary 
that  there  should  be  a  dome,  with  an  opening 
across  the  roof,  and  down  the  north  and  south 
walls.  S'jould  an  altitude  or  azimuth  circle,  or 
an  equatorial  instrument  be  used,  they  will  require 
a  revolving  roof  with  openings  and  doors  on  two 
opposite  sides,  to  enable  an  observer  to  follow  a 
heavenly  body  across  all  the  cardinal  points.  Tho 
openings  may  be  about  15  inches  wide,  and  the 
roof  need  not  be  larger  than  what  is  requisite  for 
giving  room  to  the  observer  and  the  instrument, 
lest  its  bulk  and  weight  should  impede  its  easy 
motion.  There  have  been  various  plans  adopted 
for  revolving  domes.  Fig.  92  rei)reser.ts  a  section 
of  the  rotatory  dome  constructed  at  East  Sheen  by 
the   Rev.  Dr.  Pearson.     This  dome  turns  round 

Fig.  92. 


on  three  detached  spheres  of  lignum  vitB,  in  • 
circular  bed,  formed  partly  by  the  dom>,  and 
partly  by  the  cylindrical  framework  which  sur- 
rounds the  circular  room  of  nine  feet  diuneter. 
A  section  of  this  bed  forms  a  square  which  the 
sphere  just  fills,  so  as  to  have  a  small  play  to  allow 
for  shrinking;  and,  when  this  dome  is  carried 
round,  the  spheres,  having  exactlj'  equal  diameters 
of  43^  inches  each,  when  placed  at  equal  dis- 
tances from  one  another,  keep  their  relative 
places,  and  move  together  in  a  beautifully  smooth 
manner.    These  spheres  act  as  friction  rollers  iu 
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two  directions  at  the  four  points  of  contact,  in 
case  any  obstacle  is  opposed  to  liieir  ])rogressive 
motion  by  the  admission  of  dirt,  or  by  any 
change  of  figure  of  the  wood  that  composes  the 
rings  of  tlie  dome  and  of  the  gangway.  No 
groove  is  here  made  but  wliat  the  weight  of  the 
roof  resting  on  tlie  hard  spiiere  occasions.  The 
dome  itself  moves  twice  round  for  the  balls  once, 
and  has,  in  this  way,  its  friction  diminished.  Tlie 
Wtood  of  this  dome  is  covered  by  Wyatt's  patent 
copper,  one  square  foot  of  which  weighs  upward 
of  a  pound;  and  the  copper  is  so  turned  over  the 
nails  that  fix  it  at  the  parts  of  junction  that  not  a 
single  nail  is  .seen  in  the  whole  dome.  This  co- 
vering is  intended  to  render  the  dome  more  per- 
manent than  if  it  had  been  made  of  wo'od  alone.. 
At  the  observatory  at  Cambridge  the  dome  is 
made  chiefly  of  iron.  In  the  figure,  a  a  repre- 
sents one  of  the  two  oblong  doors  that  meet  at  the 
apex  of  the  cone,  and  a  piece  of  sheet-copper, 
bent  over  the  upper  end  of  the  door  which  shuts 
last,  keeps  the  rain  from  entering  at  the  place  of 
junction.  The  two  halves  of  the  dome  are  united 
by  brass  rods  passing  througii  the  door-cheeks  of 
wainscot  at  a  and  a  hy  means  of  nuts  that  screw 
Upon  their  ends,  whicli  union  allows  the  dome  to 
be  separated  into  two  parts  when  there  may  be 
occasion  to  displace  it.  The  wooden  plate  b  b, 
which  appears  in  a  straight  line,  is  a  circular  broad 
ring,  to  which  the  covering  wainscot  boards  are 
made  fast  above  the  eaves,  and  c  c  is  a  similar 
ring  forming  the  wall-plate  or  gangway  on  which 
the  dome  rests  and  revolves. 

Fig.  U2*  shows  a  small  door  that  lies  over  the 
summit  of  the  dome,  and  may  be  separately  open- 
ed for  zenith  observations;  the  rod  of  metal,  with 
a  ring  at  the  lower  end  passing  through  it;  serves 
to  open  and  shut  this  door,  and  at  the  same  time 
carries  upon  its  upper  end  a  large  ball,  which 
falls  back  on  the  roof  when  the  door  is  open,  and 
keeps  the  door  in  a  situation  to  be  acted  upon  by 


the  hook  of  a  handle  that  is  useo  for  this  purposft 
^I'he  doors  a  a,  being  curved,  are  made  to  open  in 
two  halves,  the  upper  one  being  opened  first,  oij 
account  of  its  covering  the  end  of  the  other;  and 
the  observer  may  open  one  or  two  doors,  as  may 
best  suit  his  purpose.  The  weight  of  tiiis  dome 
is  such  that  a  couple  of  wedges,  inserted  by  a 
gentle  blow  between  the  rings  b  b  and  c  c,  will 
keep  it  in  its  situation  under  the  influence  of  th« 
strongest  wind. 

Fig.  92.* 


It  may  not  be  improper  to  remark,  that  in  all 
observatories,  and  in  every  apartment  where  ce- 
lestial observations  are  made,  there  should,  if  pos- 
sible, be  a  uniform  temperature;  and,  consequent- 
ly, a  fire  should  never  be  ke])t  in  such  places,  par- 
ticularly when  observations  are  intended  to  be 
made,  as  it  would  cause  currents  of  air  through 
the  doors  and  other  openings  wliich  would  be  in- 
jurious to  the  accuracy  of  observations.  When 
a  window  is  opened  in  an  ordinary  apartment 
where  a  fire  is  kept,  there  is  a  current  of  heated 
air  which  rushes  out  at  the  top,  and  a  current  of 
cold  air  which  rushes  in  from  below,  producing 
agitations  and  undulations  which  prevent  even  a 
good  telescope  from  showing  celestial  objects  dis- 
tinct and  well-defined;  and  I  have  no  doubt  that 
many  young  observers  have  been  disappointed  in 
their  views  of  celestial  [)henomena  from  ti'is  cir» 
cumstance,  when  viewing  the  heavenly  bodies 
from  heated  rooms  is  cold  winter  evenings,  as  the 
aerial  undulations  before  the  telescope  prevent 
distinct  vision  of  such  oHiects  as  the  belts  of 
Jupiter,  the  spots  of  Mars,  and  the  rings  of 
Saturn. 


CHAPTER    IV. 


ON   ORRERIES   OR  FLANETARIUM3. 


An  orrery  is  a  machine  for  representing  the 
order,  the  motions,  the  phases,  and  other  phenom- 
ena of  the  planets.  Although  orreries  and  plan- 
etariums  are  not  so  much  in  use  as  they  M'ere  half 
a  century  ago,  yet,  as  they  tend  to  assist  the  con- 
ceptions of  the  astronomical  tyro  in  regard  to 
the  motions,  order,  and  positions  of  the  bodies 
which  compose  the  solar  system,  it  may  not  be 
inexpedient  shortly  to  describe  the  principles  and 
construction  of  some  of  these  machines. 

The  reason  why  the  name  Orrery  was  at  first 
given  to  such  machines  is  said  to  have  been  owing 
to  the  following  circumstance:  Mr.  Rowley,  a 
mathematical  instrument-maker,  having  got  one 
from  Mr.  George  Graham,  the  original  inventor, 
to  be  sent  abroad  with  some  of  his  own  instru- 
ments, he  copied  it,  and  made  the  first  for  the  Earl 
of  Orrery.  Sir  R.  Steele,  who  knew  nothing  of 
Mr.  Graham's  machine,  thinking  to  do  justice  to 
the  first  encourager,  as  well  as  to  the  inventor  of 
such  a  curious  instrument,  called  it  an  Orrery, 
and  gave  Mr.  Rowley  the  praise  due  to  Mr.  Gra- 
bam.     The  construction  of  such  machines  is  not 


a  modern  invention.  The  hollow  spliere  of  Ar- 
chimedes was  a  piece  of  mechanism  of  this  kind, 
having  been  intended  to  exhibit  the  motions  of 
the  sun,  the  moon,  and  the  five  planets,  according 
to  the  Ptolemaic  system.  The  next  orrery  of 
which  we  have  any  account  was  that  of  Posido- 
nius,  who  lived  80  years  before  the  Christian  era, 
of  which  Cicero  says,  "  If  any  man  should  carry 
the  sphere  of  Posidonius  into  Scythia  or  Biitaiu, 
in  every  revolution  of  which  the  motions  of  tlie 
sun,  moon,  and  five  planets  were  the  same  as  in 
the  heavens  each  day  and  night,  who  in  those  bar- 
barous countries  could  doubt  of  its  being  finished, 
not  to  say  actuated,  by  perfect  reason?"  Tlia 
next  machine  of  this  kind  which  history  recordi 
was  constructed  by  the  celebrated  Boethius,  tho 
Christian  philosopher,  about  the  year  of  Christ 
510,  of  which  it  was  said  "  that  it  was  a  machine 
pregnant  with  the  universe — a  portabloi  heaven— 
a  compendium  of  all  things."  After  this  period 
we  find  no  instances  of  such  m3chaiTi?m  of  any 
note  until  the  16th  century,  when  scienc  b°gan 
to  revive  and  the  arts  to  flourish.     About  this 
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time  the  curious  clock  in  Hampton  Court  Palace 
was  coublructed,  wliicii  siiows  not  only  tlie  liours 
of  the  day,  but  the  motions  of  the  sun  and  moon 
through  all  the  signs  of  the  zodiac,  and  otiier  ce- 
lestial phenomena.  Another  piece  of  mechanism 
of  a  similar  kind  is  the  clock  in  the  C||thedral  of 
Strasliurg,  in  which,  beside  the  clock  part,  is  a 
celestial  globe  or  sphere  with  the  motions  of  the 
sun,  moon,  planets,  and  the  firmament  of  the 
fixed  stars,  which  was  finished  in  1574. 

Among  the  largest  and  most  useful  pieces  of 
machinery  of  this  kind  is  the  great  sphere  erected 
by  Dr.  Long,  in  Pembroke  Hall,  in  Cambridge. 
This  machine,  which  he  called  the  Uranium,  con- 
sists of  a  planetarium,  which  exhibits  the  motion 
of  the  earth  and  the  primary  ])lanets,  the  sun,  ami 
the  motion  of  the  moou  around  the  earth,  all  in- 
closed within  a  sphere.  Upon  the  sphere,  beside 
the  principal  circles  of  the  celestial  globe,  the 
zodiac  is  placed,  of  a  breadth  sufficient  to  contain 
the  apparent  path  of  the  moon,  with  all  the  stars 
over  which  the  moon  can  pass;  also  the  ecliptic, 
and  the  heliocentric  orbits  of  all  the  planets. 
The  Earth  in  the  planetarium  has  a  movable 
horizon,  to  which  a  large  movable  brass  circle 
within  the  sphere  may  be  set  coincident,  repre- 
senting the  plane  of  the  horizon  continued  to  the 
starry  heavens.  The  horizons,  being  turned  round, 
sink  below  the  stars  on  the  east  side,  and  make 
them  appear  to  rise,  and  rise  above  the  stars  on 
the  west  side,  and  make  them  appear  to  set.  On 
the  other  hand,  the  earth  and  the  horizon  being 


specting  it  in  November,  1839.  The  essential 
parts  of  the  machine  still  remain  nearly  in  the 
same  state  as  when  originally  constructed  in  175B, 
The  machine  which  I  shall  now  describe  is  of 
a  much  smaller  and  less  complex  description  than 
that  which  has  been  noticed  above,  and  may  be 
made  for  a  comparatively  small  expense,  while  it 
exhibits  with  sufficient  accuracy  the  motions, 
phases,  and  positions  of  all  the  primary  planets, 
with  the  exception  of  the  new  planets,  which 
cannot  be  accurately  represented  on  account  of 
their  orbits  crossing  each  other.  In  order  to  tlia 
construction  of  the  planetariuSi  to  which  I  allude, 
we  must  compare  the  proportion  which  the  an- 
nual revolutions  of  the  primary  planets  bear  to 
that  of  the  Earth.  This  proportion  is  expressed 
in  the  following  table,  in  which  the  first  column 
is  the  time  of  the  Earth's  period  in  days;  tha 
second,  that  of  the  planets;  and  the  third  and 
fourth  are  numbers  very  nearly  in  the  same  pro- 
portion to  each  other: 


365 14 
3(i5'4 
365L 


6?7 

I0759i< 
30686 


83 

52 

40 

7 

5 

3 


20  for  Mercury. 

32  for  Venus. 

75  for  Mars. 

83  for  Jupiter. 
148  for  Saturn. 
253  for  Uranus. 


On  account  of  the  number  of  teeth  required  for 
the  wheel  which  moves  Uranus,  it  is  frequently 
omitted  in   planetariums,  or   the  planet  is   placed 


at  rest,  the  sphere  may  be  turned  round  to  repre-  I  upon  the  arbor  which  sujiports  Saturn.  If  vpe  now 


sent  the  apparent  diurnal  motion  of  the  heavens 
In  order  to  complete  his  idea  on  a  large  scale,  the 
doctor  erected  a  sphere  of  18  feet  diameter,  in 
which  above  30  persons  might  sit  conveniently, 
the  entrance  to  which  is  over  the  south  pole  by 
six  steps.  The  frame  of  the  sphere  consists  of  a 
number  of  iron  meridians,  the  northern  ends  of 
which  are  screwed  to  a  large  round  plate  of  brass 
with  a  hole  in  the  center  of  it;  through  this  hole, 
from  a  beam  in  the  ceiling,  comes  the  north  pole 


suppose  a  spindle  or  arbor  with  six  wheels  _^.Tefi 
upon  it  in  a  horizontal  position,  having  the  num- 
ber of  teeth  in  each  corresponding  to  the  numbers 
in  the  third  column,  namely,  the  wheel  A  M 
(fig.  93)  of  83  teeth,  B  L  of  52,  C  K  of  50,  for 
the  earth,  D  I  of  40,  E  H  of  1,  and  F  G  of  5; 
and  another  set  of  wheels  moving  freely  about  an 
arbor  having  the  number  of  teeth  in  the  fourth 
column,  namely,  ^  iV  of  20,  B  O  of  32,  C  P  of 
50,  for  the  earth,  D  Q  of  lb,  E  R  of  83,  and  FS 


a  round    iron   rod   about  three  inches   long,  and  j  of  148;    then,  if    these  two  arbors  of   fixed  and 


which  supports  the  upper  part  of  the  sphere  to 
its  proper  elevation  for  the  latitude  of  Cambridge, 
so  much  of  it  as  is  invisible  in  England  being  cut 
off,  and  the  lower  or  southern  ends  of  the  merid- 
ians terminate  on,  and  are  screwed  down  to,  a 

Fig.  93. 


movable  wheels  be  made  of  the  size  and  fixed  at 
the  distance  here  represented,  the  teeth  of  the  for- 
mer will  take  hold  of  those  of  the  latter,  and  turn 
them  freely  when  the  machine  is  in  motion. 
These  arbors,  with  their  wheels,  are  to  be  placed 


Fig.  94. 


strong  circle  of  oak  13  feet  in  diameter,  which, 
when  the  sphere  is  put  in  motion,  runs  upon  large 
rollers  of  lignum  vitae,  in  the  manner  that  the 
tops  of  some  windmills  turn  round.  Upon  the 
iron  meriflians  is  fixed  a  zodiac  of  tin  painted 
bine,  on  which  the  ecliptic  and  heliocentric  orbits 
of  the  planets  are  drawn,  and  the  stars  and  con- 
stellations traced.  The  whole  is  turned  round 
with  a  small  winch,  with  as  little  labor  as  it  takes 
to  wind  up  a  jack,  although  the  weight  of  iron, 
tin,  and  the  wooden  circle  is  above  a  thousand 
pounds.  This  machine,  though  now  somewhat 
neglected,  may  still  be  seen  in  Pembroke  Hall, 
Cambridge,  where  I  had  an  opportunity  of  in- 


in  a  box  of  a  proper  size,  in  a  perpendicular  posi- 
tion; the  arbor  of  fi-^ced  wheels  to  move  in  pivots 
at  the  top  and  bottom  of  the  bos,  and  the  arbor 
of  the  movable  wheels  to  go  through  the  top  of 
the  box,  and  having  on  the  top  a  wire  fixed,  and 
bent  at  a  proper  distance  into  a  right  angle  up- 
ward, bearing  on  the  top  a  small  round  ball  re- 
presenting  its  proper   planet.     If,    then,  on   tha 
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lower  part  of  the  arbor  of  fixed  wheels  be  placed 
a  pillion  of  screw-teetli,  a  winch  turning  a  spindle 
with  an  endless  screw,  playing  in  the  teeth  of  the 
arbor,  will  turn  it  with  all  its  wheels,  and  these 
wheels  will  turn  the  others  about,  with  their  plan- 
ets, in  their  proper  and  respective  periods  of  time; 
for  while  the  fixed  wheel  C  K  moves  its  equal  C 
P  once  round,  the  wheel  A  M  will  move  yl  JV  a 
little  more  than  four  times  round,  and  will  conse- 
quently exhibit  tlie  motion  of  Mercury;  the  wheel 
E  H  will  turn  the  wheel  E  R  about  l-12th  round, 
representing  the  proportional  motion  of  Jupiter; 
and  the  wheel  F  Cr'wiil  turn  the  wheel  F  S  about 
1 -29.5th  round,  and  represent  the  motion  of  Sat- 
urn, and  so  of  all  the  rest. 

The  foregoing  figure  (94)  represents  the  appear- 
ance of  the  instrument  when  completed.  Upon 
the  upper  part  of  the  circular  box  is  pasted  a  zo- 
diacal circle  divided  into  12  signs,  and  each  sign 
into  30  degrees,  with  the  corresponding  days  of 
the  month.  The  wheelwork  is  understood  to  be 
within  the  box,  which  may  either  be  supported 
by  a  tripod,  or  with  four  feet,  as  here  represented. 
The  moon  and  the  satellites  of  Jupiter,Saturn,  and 
Uraiius,  are  movable  only  by  the  hand.  When  the 
winch  Wis  turned,  then  all  the  primary  planets 
are  made  to  move  in  their  respective  velocities. 
The  ball  in  the  center  represents  the  Sun,  which  is 
either  made  of  brass,  or  of  wood  gilded  with  gold. 

By  this  planetarium,  simple  as  its  construction 
may  appear,  a  variety  of  interesting  exhioitions 
maybe  made  and  problems  performed,  which  may 
be  conducive  to  the  instruction  of  young  students 
of  Astronomy.  I  shall  mention  only  a  few  of 
these  as  specimens. 

1.  When  the  planets  are  placed  in  their  respec- 
tive positions  by  means  of  an  ephemeris  or  the 
Nautical  Almanac,  the  relative  positions  of  those 
bodies  in  respect  to  each  other,  the  quarters  of  the 
heavens  where  they  may  be  observed,  and  whether 
they  are  to  be  seen  in  the  morning  before  sunrise 
or  in  the  evening  after  sunset,  may  be  at  once  de- 
termined. For  example,  on  the  i9th  of  Decem- 
ber, 1844,  the  heliocentric  places  of  the  planets  are 
as  follows:  Uranus,  2°  of  Aries;  Saturn,  b°  24'  o£ 
Aquarius;  Jupiter,  7°  4'  of  Aries;  Mars,  12°  45' 
of  Libra;  the  Earth,  27°  46'  of  Gemini;  Venus, 
29°  48'  of  Virgo,  Mercury,  7°  53'  of  Pisces. 
When  the  planets  are  placed  on  the  planetarium 
in  these  positions,  and  the  eye  placed  in  a  line 
with  the  balls  representing  the  Earth  and  the 
Sun,  all  those  situated  to  the  left  of  the  sun  are 
to  the  east  of  him,  and  are  to  be  seen  in  the  even- 
ing, and  those  on  the  right  in  the  morning.  In 
the  present  case,  Uranus,  Saturn,  Jupiter,  and 
Mercury  are  evening  stars,  and  Mars  and  Venus 
can  only  be  seen  in  the  morning.  Jupiter  is  in 
an  aspect  nearly  (?Mi',tt£,  or  three  signs  distant 
from  the  sun,  and  Uranus  is  nearly  in  the  same 
aspect.  Saturn  is  much  nearer  the  sun,  and  Mer- 
cury is  not  far  from  the  period  of  its  greatest  east- 
cr/i  elongation.  Mars  is  not  far  from  being  in  a 
quartile  aspect  iBest  of  the  sun,  and  Venus  is  near 
the  same  point  of  the  heavens,  approaching  to 
the  period  of  its  greatest  western  elongation,  and 
consequently  will  be  seen  before  sunrise  as  a 
beautiful  morning  star.  Jupiter  and  Uranus,  to 
the  east  of  the  sun,  appear  nearly  directly  oppo- 
Bite  to  Venns  and  Mars,  which  are  to  the  west  of 
the  sun.     The  phase*  of  Venus  is  nearly  that  of 

•  The  balls  which  represent  the  different  planets  on  this 
machine  have  their  hemispheres  painted  black,  with  tiie 
■white  side  turned  directly  to  the  sun,  so  that  if  the  eye  be 

S laced  in  a  line  with  the  earth  and  the  planet,  particularly 
lercnry  and  Venns,  its  phase  in  the  heavens  at  tliat  time, 
U  viewed  with  a  telescope,  may  be  distinctly  perceived. 


a  half  moon,  and  Mercury  is  son.cwhat  gibbous, 
approaching  to  a  half  moon  phase.  If,  now,  w» 
turn  the  machine  by  tiie  winch  until  tlie  index  of 
the  earth  point  at  the  8th  of  August,  1845,  we 
shall  find  the  planets  in  the  following  positions : 
Mars  and  Saturn  are  nearly  in  opposition  to  thd 
sun;  Venus  and  Mercury  are  evening  stars,  at  no 
great  distance  from  each  other,  and  Jui)iter  is  a 
morning  star.  In  like  manner,  if  we  turn  the 
machine  until  the  index  point  to  any  futura 
months,  or  even  succeeuiug  years,  the  various  as- 
pects and  positions  of  the  planets  may  be  plainly 
perceived.  When  the  planets  are  moved  by  tho 
winch  in  this  machine,  we  see  tiit-m  all  at  once  ia 
motion  around  the  sun,  with  the  same  respective 
velocities  and  periods  of  revolution  which  they 
have  in  the  heavens.  As  the  plaiu.'ts  are  repre- 
sented in  the  preceding  positions.  Mercury,  Ju- 
piter, and  Mars  are  evening  stars,  and  Venus, 
Saturn,  and  Uranus  morning  stars,  if  we  suppose 
the  earth  placed  in  a  line  with  our  eye  and  the 
sun. 

2.  By  this  instrument,  the  truth  of  the  Coperni- 
can  or  solar  system  is  clearly  represented.  When 
the  planets  are  in  motion,  we  perceive  the  pl.'inets 
Venus  and  Mei-cury  to  pass  both  before  and  be- 
hind the  sun,  and  to  have  two  conjunctions.  We 
observe  Mercury  to  be  never  more  than  a  certain 
angular  distance  from  the  sun  as  viewed  from  the 
earth,  namely,  27^,  and  Venus  47°.  We  perceive 
that  the  superior  planets,  particularly  Mars,  will 
be  sometimes  much  nearer  to  the  earth  than  at 
others,  and  therefore  must  appear  larger  at  one 
time  tlian  at  another,  as  they  actually  appear  iu 
the  heavens.  We  see  that  the  planets  cannot 
appear  from  the  earth  to  move  with  uniform  velo- 
city; for  when  nearest  they  appear  to  move  faster, 
and  slower  when  most  remote.  We  likewise  ob- 
serve that  the  planets  appear  from  the  earth  to 
move  sometimes  direct,  or  from  west  to  east;  then 
become  retrograde,  or  from  east  to  west,  and  be- 
tween both  to  be  stationary;  all  which  particulars 
exactly  correspond  with  celestial  obseivations. 
For  illustratiiig  these  particulars,  there  is  a  simple 
apparatus,  represented  by  fig.  95,  which  consists 
of  a  hollow  wire  with  a  slit  at  top,  which  is  placed 
over  the  arm  of  Mercury  or  Venus  at  E.  The 
arm  D  G  represents  a  ray  of  light  coming  from 

Fig.  95. 


the  planet  at  D  to  the  earth  at  F.  The  planets  be- 
in(T  then  in  motion,  the  planet  D,  as  seen  in  the 
heavens  from  the  earth  at  F,  will  undergo  the 
several  changes  of  position  which  we  have  de- 
scribed above,  sometimes  appearing  to  go  back- 
ward, and  at  other  times  forward.  'I'he  wire  prop, 
now  supposed  to  be  placed  over  RIercury  at  E, 
may  likewise  be  placed  over  any  of  the  other 
planets,  particularly  Mars,  and  similar  phenomena 
will  be  exhibited. 

This  machine  may  likewise  be  used  to  exhibit 
the  falsity  of  the  Ptolemaic  system,  which  places 
the  earth  in  the  center,  and  supposes  the  sun  and 
all  the  planets  to  revolve  around  it.  For  this  pur- 
pose, the  ball  representing  the  Sun  is  removed, 
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and  placed  on  tlie  wire  or  pillar  which  supports  :  prices  of  some  instrumenis  of  this  kind  as  made 
the  Earth,  and  the  ball  representing  the  E'.irth  is  by  Messrs.  Jones,  30  Lower  Holborn,  London  : — 
placed  in  the  center.  It  will  then  be  observed  ,  "  An  orrery,  showing  the  motions  of  the  Earth, 
that  the  planets  Mercury  and  Venus,  being  both  Moon,  and  inferior  planets,  Mercury,  and  Venus, 
within  the  orbit  of  the  sun,  cannot  at  any  time  \  by  wheel-work,  the  board  on  which  the  instru- 
be  seen  to  go  behind  it,  whereas  in  the  heavens  ;  nient  moves  being  13  inches  diameter,  £4.  14.s.  Gd. 
we  as  often  see  them  go  behind  as  before  the  sun.  1  A  planetarium,  showing  the  motions  of  all  the 
Again,  it  shows  that  as  the  planets  move  in  circu-  I  primary  planets  by  wheel-work  with  l}o  inch  or 
lar  orbits  about  the  central  earth,  tliey  ought  at  :  three  inch  papered  globes,  according  to  tfie  wheel- 
all  times  to  appear  of  the  same  magnitude,  uliile,  j  work  and  the  neatness  of  the  stands,  from  £7 
on  the  contrary,  we  obseive  their  apparent  mag-  17s.  6ii.  to  £10  10s.  Ditto,  with  wheel-work  to 
nitudes  in  the  heavens  to  be  very  variable,  Mars,  '  show  (he  parallelism  of  the  Earth's  axis,  the 
for  exatn,  'e,  appearing  sometimes  nearly  as  large  !  motions  of  the  Moon,  her  phases,  &,c.,  £ld  I8s. 
as  Jupitei,  and   at  other  ti'nes  only  like  a  small    Ditto,  with  wheel-work  to  show  the  Earth's  diur- 


fi.\ed  star.  Again,  it  is  here  shown  that  the 
planets  may  be  seen  at  all  distances  from  tiie  sun; 
for  example,  when  the  sun  is  setting,  Mercury 
and  Venus,  according  to  this  arrangement,  might 
be  seen,  not  only  in  the  south,  but  even  in  the 
eastern  quarter  of  the  heavens:  a  phenomenon 
which  was  never  yet  observed  in  any  age,  Mer- 
cury never  appearing  beyond  27°  of  the  sun,  nor 


nal  motion,  on  a  brass  stand  in  mahogany  case, 
£22  Is.  A  small  tellurion,  showing  the  motion 
of  tJie  Earth  and  Moon,  &c.,  £1  8s." 

Henderson's  planetarium. 
The  following  is  a  description  of  the  most  com- 
plete and  accurate  planetarium  I  have  yet  seen. 
Thecalculations  occupied  more  than  eight  months. 
Venus  beyond  48°.  In  short,  according  to  the  |  For  this  article  I  am  indebted  to  my  learned  and 
system  thus  represented,  it  is  seen  that  tiie  mo-  \  ingenious  friend.  Dr.  Henderson,  F.R.A.S.,  who 
tions  of  the  planets  should  all  be  regulai-,  and  I  is  known  to  many  of  my  readers  by  his  excellent 
uniformly  the  same  in   every  part  of  their  orbits,  I  astronomical  writings. 

and  that  they  should  all  move  the  same  way,  Section  of  the  wheel-work  of  a  planetarium  for 
namely,  from  west  to  east;  whereas  in  the  heavens  showing  with  the  utmost  degree  of  accuracy  the 
they  are  seen  to  move  with  variable  velocities,  mean  tropical  revolutions  of  the  planets  round 
eometimes    appearing  stationary,  and  sometimes    the  sun,  calculaleii  by  E.  Henderson,  LL.  D.,  &,c 


moving  from  east  to  west,  and  from  west  to  east: 
all  which  circumstances  plainly  prove  that  the 
Ptolemiac  cannot  be  the  true  system  of  the  uni- 
verse. 

A  planetarium  such  as  that  now.descrihed  might 
be  constructed  with  brass  wheel-work  for  about 
five  guineas.  The  brass  wheel-work  of  one 
which  I  long  since  constructed  cost  about  three 
guineas,  and  the  other  parts  of  the  apparatus 
about  two  guineas  more.     The  following  are  the 


In  the  section  the  dark  horizontal  lines  repre- 
sent the  wheelwork  of  the  planetarium,  and  the 
annexed  numerals  the  numbers  of  teeth  in  the 
given  wheel.  The  machine  has  three  axes  or  ar- 
bors, indicated  by  the  letters  A  B  C.  Axis  "C" 
the  "yearly  axis,"  is  assumed  to  make  one  revo- 
lution in  365,242.236  days,  or  in  365  davs  5h. 
48m.  49. ly,  and  is  furnished  with  wheels,  17,  44 
54,36,140,96,127,86,  which  wheels  are  all  firmly 
riveted  to  said  axis,  and   consequently  they  turn, 


Fig.  96. 


round  with  it  in  the  same  time.  Axle  "B"  is  a 
fixture;  it  consists  of  a  steel  rod,  on  which  a  sys- 
tem of  pairs  of  wheels  revolve;  thus  wheels  40 
and  77  are  made  fast  together  by  being  riveted  on 
the  .same  collet,  represented  by  the  thick,  dark 
space  between  them,  as  also  of  the  rest:  the  seve- 
ral wheels  on  this  axis  rnay  be  written  down  thus: 

4  0,    -4  9-,    3.«,    IK     -in      2  7,     4  1.     .5  0     nf-     7  7.      fi7 
7  7'     1_2h'     0  4'     8   1'-'")     .■iTl'    ^5'     OS-yO,  4^>      Jg- 

On  axis  A,  a  system  of  wheels,  furnished  with 
tubes,  revolve,  and  these  tubes  carry  horizontal 
arms,  supporting  perpendicular  steins  with  the 
planets.  The  wheels  on  this  axis  are  173,  |il, 
111,  119,  |||,  X2^,  83,  239,  96,  123,  72.  From 
the  following-short  description,  the  nature  of  their 
several  actions  willj  it  is  presumed,  be  readily 
understood,  viz : 

MERCD-        On  the  axis  "  C"  at  the  bottom  is  wheel 

Ry's     86,  which  turns  round   in   365  days  5h. 

FKRioD.  48m.  49.19s.    This  wheel  impels  astaall 


wheel  of  22  teeth,  to  which  is  made  fast 
wheel  67,  both  revolving  together  at  the 
foot  of  axis  B ;  wheel  67  drives  a  wheel 
of  72  once  round  in  the  period  of  87 
days  23h.  14in.  36.1s.:  this  last  men- 
tioned wheel  has  a  long  tube,  which 
turns  on  the  steel  axis  A,  and  carries  a 
horizontal  arm  with  the  planet  Mer- 
cury round  the  sun  in  the  time  abovo 
noted. 
vENUs's  On  axis  "  C"  is  wheel  127,  which 
PERIOD,  drives  wheel  47,  to  which  is  riveted  a 
wheel  of  77  teeth,  which  impels  a  wheel 
ef  128  teeth  on  axis  A,  and  causes  it  to 
make  a  revolution  in  224  days  16h.  41  m. 
31.1.S.,  and  is'  furnished  with  a  tube, 
which  revolves  over  that  of  Mercury, 
and  ascends  through  the  cover  of  the 
machine,  and  bears  an  arm  on  which  is 
placed  a  small  ball  representing  this  pla- 
net in  the  time  stated. 
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The  moiion  of  the  Earth  round  the 
Sun  is  simply  effected  as  follows  :  the 
assumed  value  of  axis  "  C"  the  "yearly 
axis,"  is  365  days  5h.  48m.  49. 19s. ; 
be  nee  a  system  of  wheels  having  the 
same  number  of  teeth,  or,  at  all  events, 
the  first  mover  and  last  wheel  impelled, 
must  bo  equal  in  their  numbers  of  teeth. 
In  this  machine  tliree  wheels  are  em- 
ployed, thus:  a  wheel  having  !)6  teeth  is 
made  fast  to  the  yearly  axis  C,  and  of 
course  moves  round  with  it  in  a  mean 
solar  year,  as  above  noted;  this  wheel 
impels  another  wheel  of  96  teeth  on  axis 
B,  and  this,  in  its  turn,  drives  a  third 
wheel  of  96  teeth  on  axis  A,  and  is  fur- 
nished with  a  long-  tube  which  revolves 
over  that  of  ^^enus,  and  ascends  above 
the  cover-plate  of  the  machine,  and  bears 
a  horizontal  arm  which  supports  a  small 
terrestrial  globe,  which  revolves  by  virtue 
of  said  wheels  once  round  the  sun  in  365 
days  5h.  48m.  49,19s. 

The  revolution  of  this  planet  is  effected 
as  follows  :  a  wheel  of  140  teeth  is  made 
fast  to  the  yearly  axis  C,  and  drives  on 
axis  B  a  wheel  of  65  teeth,  to  which  is 
fixed  a  wheel  of  59  teeth,  which  impels 
a  large  wheel  of  239  teeth  on  axis  A 
once  round  the  sun  in  686  days  22h. 
I8m.  33.6s. :  this  last  mentioned  wheel 
is  also  furnished  with  a  tube  which  re- 
volves over  that  of  the  earth,  and  carries 
a  horizontal  arm  bearing  the  ball  repre- 
senting Mars,  and  causes  it  to  complete 
a  revolution  round  the  sun  in  the  period 
named. 

The  period  of  Vesta  is  accomplished 
thus,  viz  :  on  the  yearly  axis  C  is  made 
fast  a  wheel  of  36  teeth,  which  drives  a 
wheel  of  65  teeth,  on  axis  B,  to  which 
is  fixed  a  wheel  of  41  teeth,  which  im- 
pels a  wheel  of  83  teeth  on  axis  A  once 
round  in  1336  days  Oh.  21m.  19.8s.;  the 
tube  of  which  last  wheel  ascends  on  that 
of  Mars,  and,  like  the  rest,  bears  an  arm 
supporting  a  ball  representing  this  pla- 
net. 

For  the  revolution  of  Juno,  the  yearly 
axis  C  is  furnished  with  a  wheel  of  54 
teeth,  which  im])els  a  wheel  of  50  teeth 
on  axis  B,  to  which  is  made  fast  a  wheel 
of  27  teeth,  which  turns  a  wheel  of  127 
teeth  on  axis  ^4  once  round  in  1590  days 
17h.  35m.  2.7s.,  and  tlie  tube  of  which 
ascends  on  that  of  Vesta,  and  supports  a 
horizontal  arm  which  carries  a  small  ball 
representing  this  planet  in  the  period 
named. 

The  revolution  of  Ceres  is  derived 
from  the  period  of  Juno,  because  wheel- 
work  taken  from  the  unit  of  a  solar  year 
was  not  sufficiently  accurate  for  the  pur- 
pose, therefore  on  Juno's  wheel  of  127 
teeth  is  fixed  a  wheel  of  123  teeth,  which 
drives  a  thick  little  bevel  sort  of  wheel 
of  30  teeth  on  axis  B:  the  reason  of  this 
small  wheel  being  beveled  is  to  allow  its 
teeth  to  suit  both  wheels  -|-||^;  wheel  30 
drives  wheel  130  on  axis  A  once  round 
in  1681  days  6h.  17m.  22.4s.,  and  the 
tube  of  wheel  130  turns  on  the  tube  of 
Juno,  and  ascends  in  a  similar  manner 
with  the  rest,  and  carries  a  horizontal 
arm  supporting  a  small  ball  representing 
this  planet,  and  is  caused  to   revolve 


round  the  Sun  in  the  above-mentioned 
perio.l  (the  period  of  Ceres  to  that  of  Juno 
is  as  1 30  is  to  1 23 :  hence  the  wheels  used) 
PALLAs's  The  peiiod  of  Pallas  could  not  be  de- 
PEKIOD.  rived  fri'm  the  solar  year  with  sufiicient 
accuracy,  and  recourse  was  had  to  an 
engrafted  fraction  on  the  period  of  Ce- 
res, thus:  on  wlieel  130  of  Ceres  is  made 
fust  a  wheel  of  122  teeth,  which  drives 
a  wheel  of  81  teeth  on  axis  B,  to  which 
is  fixed  a  wheel  79,  which  impels  a  wheel 
of  119  leelli  on  axis  A,  and  is  furnislied 
with  a  tube  wliich  ascends,  arii  turns  on 
that  of  Ceres,  and  supports  a  horizontal 
arm,  which  bears  a  small  ball  represent- 
ing this  planet,  which  by  virtue  of  the 
above  train  of  wheels  i.s  caused  to  com- 
plete a  revolution  round  the  Han  ia  1681 
days  lOh.  28m.  25.1s. 
jutiter's  The  motion  of  this  planet  is  derived 
PERIOD,  from  the  period  of  a  solar  year,  from  the 
"  yearly  axis,"  thus  :  on  this  axis  is  made 
fast  a  wheel  of  44  teeth,  which  turns  a 
wheel  of  94  teeth  on  axis  B,  to  which  is 
riveted  a  small  wheel  of  20  teeth,  which 
impels  a  wlieel  on  axis  A  having  111 
teeth,  wliich  is  furnished  with  an  ascend- 
ing tube  which  revolves  over  that  of 
Pallas,  and  bears  a  horizontal  arm  which 
supports  a  ball  representing  this  planet, 
which  by  the  saiii  train  of  wheels  is 
caused  to  revolve  round  the  Sun  in  4330 
days  14h.  39m.  35.7s. 
Saturn's  The  periodic  revolution  of  Saturn  is 
PERIOD,  also  taken  from  the  solar  year,  viz:  a 
small  wheel  of  17  teeth  is  fixed  to  the 
"yearly  axis"  near  its  top,  and  drives  a 
wheel  of  129  teeth  on  axis  B,  to  which 
is  made  last  a  wheel  of  49  teeth,  which 
turns  a  wheel  of  190  teeth  on  axis  A, 
whose  tube  ascends  and  revolves  on  that 
of  Jupiter's  tube,  and  supports  an  arm, 
having  a  ball  representing  Saturn  and  its 
rings,  and  which  by  the  train  of  wheels 
is  caused  to  perform  a  revolution  round 
the  Sun  in  the  period  of  10,746  days  19h. 
16m.  50.9s. 
URANUs's  The  revolution  of  this  planet  could 
PERIOD,  not  be  attained  with  sufficient  accu- 
racy from  the  period  of  a  solar  year  : 
the  period  is  engrafted  on  that  of  Sat- 
urn's, thus:  a  wheel  of  117  teetli  is 
made  fast  to  wheel  190  of  Saturn,  and 
consequently  revolves  in  Saturn's  period. 
This  wheel  of  117  teeth  drives  a  wheel 
on  axis  B  having  77  teeth,  to  which  is 
fixed  a  wlieel  of  40  teetli,  which  turns 
on  axis  A  a  large  wheel  of  173  teeth, 
whose  tube  ascends  and  revolves  over 
that  of  .^aturii,  and  carries  a  horizontal 
arm  which  supports  a  ball  representing 
this  ])laiiet,  which  is  caused  to  complete 
its  revolution  by  such  a  train  of  wheels 
in  the  period  of  30,589  days  8h.  26m. 
58.4s.  Such  is  a  brief  description  of  th« 
motions  of  this  comprehensive  and  very 
accurate  machine. 
Tlie  axis  A,  on  which  the  planet  tubular 
wheels  revolve,  performs  a  rotation  in  25  days 
10  hours  by  virtue  of  the  following  train  of 
wheels,  6.i_|_7  o^  of  24  hours,  that  is,  a  pinion  of 

'    1  4     1^1  2  ' 

14  is  assumed  to  revolve  in  24  hours,  and  to  drive  a 
wheel  of  61  teeth,  to  which  is  fixed  a  pinion  of 
12,  which  turns  the  wheel  70  in  the  period  noted; 
to  this  wheel-axis  it  is  made  fast,  and  by  revolv* 
iug  with  it  exhibits  the  Sun's  rotation. 
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DIURNAL  The  machine  is  turned  by  a  handle  or 
UAND,  winch,  vvl  ich  is  assumed  to  turn  round 
in  24  hours,  and  from  this  rotation  of 
24  liours  a  train  of  wheel-work  is  re- 
quired to  cause  the  "yearly  axis"  C  to 
turn  once  round  in  365  days  5h.  48m. 
49.1  i)s.,  wiiich  is  effected  in  the  follow- 
ing manner,  viz:  the  train  found  by 
the  process  of  the  reduction  of  contin- 
uous fractions  is  1-1-1- YV-f-SJ^-',  that 
is,  in  the  train  for  turning  tiie  Sun,  the 
same  pinion  14  turns  the  same  wheel  61, 
and  turns  a  pinioji  of  18  leaves,  to  which 
is  fixed  a  wheel  of  144  teeth,  having  a 
pinion  of  2'.i  leaves,  which  impels  a  large 
wlieel  of  241  teeth  once  round  in  3t).5.- 
242-2;i6  days,  or  365d.  5h.  48m.  49.19s. 
The  last  mentioned  wheel  of  241  teeth 
is  made  fast  to  the  under  part  of  the 
'•yearly  axis"  C  at  D,  the  handle  having 
a  pinion  of  14  leaves  therefor,  and, 
transmitting  its  motion  through  the 
above  train,  causes  the  yearly  axis  to  re- 
volve in  the  same  period. 


REGisTRA-  The  planetarium  is  also  furnished 
TING  with  a  system  of  wheuls  for  registrating 
DATES,  dates  for  either  10,000  years  past  or  to 
come.  Tlie  arrangement  is  not  showa 
in  the  engraving  (to  prevent  confusion), 
but  it  might  be  shortly  described  thus: 
near  the  top  of  the  yearly  axis  is  a 
hooked  piece,  e,  which  causes  the  tooth 
of  a  wheel  of  100  teeth  to  start  forward 
yearly;  consequently,  100  starts  »f  said 
wheel  will  cause  it  to  revolve  in  100 
solar  years  ;  and  it  has  a  hand,  which 
points  on  a  dial  on  the  cover  of  the  ma- 
chine the  years  :  thus,  for  the  present 
year,  this  hand  will  be  over  tlie  number 
45.  This  last-named  wheel  of  100  teeth 
has  a  pin,  which  causes  a  tooth  of 
another  wheel  of  100  teeth  to  start 
once  in  100  years;  hence  this  last  wheel 
will  complete  one  revolution  in  10,000 
years ;  and  it  is  for  this  purpose  the 
former  index  or  hand  moves  over  a 
number  yearly.  The  second  index  will 
pass  over  a  number  every  100  years;  for 


Planets'  names. 

Wheel-work. 

Tropical  periods  produc- 
ed by  the  wheel-work. 

da.     ho.     m.       s. 
87.    23.     14.     36.      1 

224.     16.    41     31.      1 

365.      5.    48.     49.     19 

686.    22.     18.     33.     6 

1335.      0.    21.     19-      8 

1590.     17.    35.      2.      7 

1681.      6:    17.    22.      4 

1681.     10.    28.     25.       1 

4330.    14.    39.    35.      7 

10746.     19.     16.     50.      9 

30589.      8.    20.    58.      4 

True  mean  tropical 
periods  of  the  planets. 
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da.     ho.     m.      s. 
87.    23.     14.     36 

224.     16.    41.     36 

365.      5.     48.     49 

686.    22.     18.     34 

1335.      0.    21.    20 

1590.     17.     35.      1 

1681.      6.     17.    29 

1681.     10.    28.    42 

4330.     14.    39.    32 

10746.     19.     16.     52 

30589.      8.    26.    59 

TheEartli 

Vesta 

Judo 

Cerjj 

Pallas 

Satnrn 

Uranus 

The  Sun's  rotation                                     (-^  of  24  hrs. 

The  tropical  period  of  the)       .     .     . 1- L —   " 

Eaith  round  the  Sun     .   \                         14       18    '    23 

25.    10.      0.      0. 

365.      5.    48.    48,     19 
1 

25.     10.      0.      1 
365.      5.    48.    49 

the  present  year,  the  second-hand  or 
index  will  be  over  the  number  18,  and 
will  continue  over  it  until  the  first  index 
moves  forward  to  99;  then  both  indexes 
will  move  at  one  time,  viz:  the  first  in- 
dex to  O  O  on  the  first  concentric  circle 
of  the  dial,  and  the  second  index  to  19, 
denoting  the  year  1900,  and  so  of  the 
rest.  By  the  ecliptic  being  divided  in  a 
series  of  four  spirals,  the  machine  makes 
a  distinction  between  common  and  leap 
years,  and  indicates  the  common  year 
as  containing  365  days,  and  the  leap 
year  366  days,  by  taking  in  a  day  in 
February  every  fourth  year ;  thus,  for 
any  given  period  for  10,000  years  past 


or  to  come,  the  various  situations  and 
aspects  of  tlie  planets  may  be  ascertained 
by  operating  with  this  machine,  and  this 
for  thousands  of  years  without  produc- 
ing a  sensible  error  either  in  space  or 
time.  This  planetarium  wheel-work  is 
inclosed  in  an  elegant  mahogany  box  of 
twelve  sides;  is  about  five  feet  in  diame- 
ter by  ten  inches  in  depth.  At  each  of 
the  twelve  angles,  or  sides,  small  brass 
pillars  rise,  and  support  a  large  ecliptio 
circle,  on  which  are  engraven  the  signs, 
degrees,  and  minutes  of  the  ecliptic,  the 
days  of  the  month,  &c.  This  mahoga- 
ny box  with  the  wheel-work  is  supported 
by  a  tripod  stand  three  feet  in  hight,  and 
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motion  is  communioated  to  the  several 
balls  representing  the  planets  by  tiirninf^ 
the  bundle  as  before  described.  A  plane- 
tarium of  this  complicated  sort  costs 
sixty  guineas. 

The  foregoing  is  a  tabular  view  of  the  wheel- 
work,  periods,  &c. 

In  the  month  of  October  last  year,  Dr.  Hender- 
son made  a  series  of  calculations  for  a  new  plan- 
etarium for  the  use  of  schools.  It  shows  with 
considerable  accuracy  for  700  days  the  mean 
tropical  revolutions  of  the  planets  round  the  sun. 
The  machine  consists  of  a  system  of  brass  wheels 
peculiarly  arranged,  and  is  inclosed  in  a  circular 
case  three  feet  in  diameter,  the  top  of  which  has 
the  signs  and  degrees  of  the  ecliptic  laid  down  on 
it,  as  also  the  days  of  the  months,  &c.  This 
planetarium  costs  only  45s.,  or,  on  a  tripod  stand, 
table-higli,  55s.:  the  machine  is  put  in  motion  by 
a  handle  on  the  outside.  To  the  teachers  and 
others  connected  with  education,  this  planetarium 
must  be  of  great  impoitance,  for  without  a  proper 
elucidation  of  the  principles  of  astronomy,  that 
of  Geography  must  be  but  confusedly  understood. 
This  planetarium  is  at  present  made  by  Mr.  Dol- 
lond,  9  White  Conduit  Grove,  Islington,  Lon- 
don. • 

The  TeUtirion  is  a  small  instrument  which 
should  be  used  in  connection  with  the  planetarium 
formerly  described.  This  instrument  is  intended 
to  show  the  annual  motion  of  the  earth,  and  the 
revolution  of  the  moon  around  it.  It  also  illus- 
trates the  moon's  phases  and  the  motion  of  her 
nodes,  the  inclination  of  the  Earth's  axis,  the 
causes  of  eclipses,  the  variety  of  seasons, and  other 
phenomena.  It  consists  of  about  eight  v.'heels, 
pinions,  and  circles.  A  small  instrument  of  this 
description  may  be  purchased  for  about  £1  Ss., 
as  stated  on  page  143. 

ON    THE    VARIOUS     OPINIONS     WHICH     WERE     ORIGIN- 
ALLY   FORMED    OF    SATURN's    RING. 

The  striking  and  singular  phenomenon  con- 
nected with  the  planet  Saturn,  though  now  ascer- 
tained beyond  dispute  to  be  a  ring  or  rings  sur- 
rounding its  body  at  a  certain  distance,  was  a 
suliject  of  great  mystery,  and  gave  rise  to  nu- 
merous conjectures  and  controversies  for  a  con- 
siderable time  after  the  invention  of  the  tele- 
scope by  which  it  was  discovered.  Though  it 
was  first  discovered  in  the  year  16]  0,  it  was 
nearly  50  j'ears  afterward  before  its  true  form 
and  nature  were  determined.  Galileo  was  the 
first  who  di'-fcovered  anything  uncommon  con- 
nected with  Saturn  :  through  his  telescope  he 
thought  he  saw  that  planet  appear  like  two  small- 
er globes  on  each  side  of  a  larger  one  ;  and  after 
viewing  the  planet  in  this  form  for  two  years, 
he  was  surprised  to  see  it  becoming  quite  round, 
without  its  adjoining  globes,  and  some  time  after- 
ward to  appear  in  the  triple  form.  This  appear- 
ance is  represented  in  iig-  1  of  the  following 
engraving.  In  the  year  1614,  Scheiner,  a  Ger- 
man astronomer,  published  a  representation  of 
Saturn,  in  which  this  planet  is  exhibited  as  a 
large  central  globe,  with  two  smaller  bodies,  one 
on  each  side,  partly  of  a  conical  form,  attached 
to  the  planet,  and  forming  a  part  of  it,  as  shown 
fig.  2.  In  tlie  years  1640  and  1643,  Ricciolns,  an 
Italian  mathematician  and  astronomer,  imagined 
he  saw  Saturn  as  represented  in  fig.  3,  consisting 
of  a  cc  ntral  globe,  and  two  conical-shaped  bodies 
complelely  detached  from  it,  and  published  an 
account  of  it  corresponding  to  this  view.     Ileve- 


lius,  the  celebrated  astronomer  of  Dantzig,  author 
of  the  SelenograpJda  and  other  works,  made  many 
observations  on  this  planet  about  the  years  1643, 
1649,  and  1650,  in  which  he  ap]>ears  to  have  ob- 
tained diiferent  views  of  the  planet  and  its  ap- 
pendages, gradually  approximating  to  the  truth, 
but  still  incorrect.     These  views  are  repres  sited 

Fig.  97. 
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in  figures  4,  5,  6,  and  7.  Fig.  4  nearly  resembles 
two  hemispheres,  one  on  each  side  of  the  globe 
of  Saturn.  The  other  figures  very  nearly  resem- 
ble the  e.\treme  parts  of  the  ring  as  seei>  through 
a  good  telescope,  but  he  still  seems  to  have  consid- 
ered tliem  as  detached  from  each  other  as  well  as 
from  Saturn.  Figures  8  and  9  are  views  given 
by  Ricciolus  at  a  period  posterior  to  that  in  which 
he  supposed  Saturn  and  liis  ai)pendages  in  the 
form  delineated  in  fig.  3.  In  these  last  delinea- 
tions the  planet  was  supposed  to  be  inclosed  in  an 
elliptical  ring,  but  this  ring  was  supposed  to  be 
fixed  to  its  two  opposite  sides. 

Fig.  10  is  a  representation  by  Eustachius  Divi- 
ni,  a  celebrated  Italian  optician  at  Bologna.  The 
shades  represented  on  Saturn  and  the  elliptical 
curve  are  incorrect,  as  this  planet  presents  no 
such  shadovv-y  form.  The  general  appearance 
here  presented  is  not  much  unlike  tliBt  which  the 
ring  of  Saturn  exhibits,  excepting  that  the  up- 
per side  of  the  ring  should  appear  covering  a  por- 
tion of  the  orb  of  Saturn;  but  Divini  seems  to 
have  conceived  that  the  curve  on  each  siile  was 
attached  to  the  body  of  Saturn,  for  when  Huy- 
gens  published  his  discovery  of  the  ring  of  Saturn 
in  1659,  Divini  contested  its  truth,  because  he 
could  not  perceive  the  ring  through  his  ov.-n  tele- 
scopes; and  he  wrote  a  trcaiise  on  the  subject  in 
opposition  to  Huygens  in  1660,  entitled  '-Brevis 
Annotatio  in  Systema  Saturninin."  Huygens 
immediately  replied  to  him,  and  Divini  wrote  a 
rejoinder  in  1661.  Fig.  11  is  the  representation 
given  by  Francis  Fontana,  a  Neapolitan  Astrono- 
mer. This  figure  represents  Saturn  as  having 
two  crescents,  one  on  each  side,  attached  to  its 
body,  with  intervals  between  the  planet  and  the 
crescents.  Fig.  12  is  a  view  delineated  by  Gas- 
sendus,  a  celebrated  French  philosopher.  It  re- 
presents the  planet  as  a  large  ellipsoid,  having  a 
large  circular  opening  near  each  end,  and  if  tiiis 
representation  were  the  true  one,  each  opening 
would  be  at  least  30,000  miles  in  diameter.  P'ig 
13,  which  is  perhaps  the  most  singular  of  the 
whole,  is  said  to  be  one  of  the  views  of  this  planet 
given  by  Ricciolus.  It  represents  two  globes, 
each  of  which,  in  the  proportion  they  here  bear 
to  Saturn,  mu—!  be  more  than  30,000  miles  in 
diameter.     'i';i"ie  globes  Vrcre  conceived  as  being 
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attached  to  the  body  of  Saturn  by  curves  or 
bands,  each  of  wliioh,  in  the  proportion  represent- 
ed, must  have  been  at  least  7000  miles  in  breadlh, 
tind  nearly  40,000  miles  long.  This  would  have 
exhibited  the  planet  Saturn  as  a  still  more  siiig-n- 
lar  body  than  what  we  have  found  it  to  be;  but 
no  such  construction  of  a  planet  has  yet  been 
found  in  the  ui>iverse,  nor  is  it  probable  that  such 
a  form  of  a  plam^tary  body  exists. 

It  is  remarkable  that  only  two  general  opinion.^ 
should  have  been  formed  respecting  the  construc- 
tion of  Saturn,  as  appears  from  these  representa- 
tions: eitiier  that  tiiis  planet  was  composed  of 
three  distinct  parts,  separate  from  each  other,  or 
that  the  appendage  on  each  side  was  fixed  to  the 
body  of  the  planet.  The  idea  of  a  ring  surround- 
ing the  body  of  tiie  planet  at  a  certain  distance 
from  every  part  of  it  seems  never  to  have  been 
thought  of  until  the  celebrated  Huygens,  in  1655, 
1656,  and  1G57,  by  numerous  observations  made 
on  this  planet,  completely  demonstrated  tliat  it  is 
surrounded  by  a  solid  and  permanent  ring,  whicii 
never  ciianges  its  situation,  and,  without  touch- 
ing the  body  of  t!ie  planet,  accompanies  it  in  its 
revolution  around  the  sun.  As  the  cause  of  ail 
the  erroneous  opinions  above  stated  was  owing  to 
the  imperfection  of  the  telescopes  which  were 
then  in  use,  and  their  deficiency  in  magnifying 
power,  tills  ingenious  astronomer  set  himself  to 
work  in  order  to  improve  telescopes  for  celestial 
observations.  He  improved  the  art  of  grinding 
and  polishing  object-glasses,  whicli  he  finished 
with  his  own  hands,  and  produced  lenses  of  a 
more  correct  figure,  and  of  a  longer  focal  dis- 
tance, than  wi;at  had  previously  been  accom- 
plished. He  first  constructed  a  telescope  12  feet 
long,  and  afterward  one  23  feet  long,  which 
magnified  about  95  times;  whereas  Galileo's  best 
telescope  magnified  only  about  33  times.  He 
afterward  constructed  one  123  feet  long,  whicli 
magnified  about  220  times.  It  was  used  witiiout 
a  tube,  tlie  ol)ject-glass  being  placed  upon  the  toji 
of  a  pole,  and  connected  by  a  cord  with  the  eye- 
piece. Willi  such  telescopes  this  ingenious  artist 
and  mathematician  discovered  the  fouttii  satellite 
of  Saturn,  and  demonstrated  that  the  phenomenon 
which  liad  been  so  egregiously  misrepresented  by 
preceding  astronomers  consisted  of  an  immense 
ring  surrounding  the  body,  and  completely  de- 
tached from  it.  His  numerous  observations  and 
reasonings  on  this  subject  were  published  in 
Latin  in  1659,  in  a  quarto  volume  of  nearly  100 
pages,  entitled  "  SyMcma  Saturnium,  sive  cle  caii- 
sis  viirandorum  Salitrni  Phenomenon,  et  Giinite 
ejus  Planeia  A'^nta,"  from  which  work  the  figures 
and  some  of  the  facts  stated  above  have  been 
extracted. 

ON   THE   SUPPOSED   DIVISIONS  OF  THE  EXTERIOR  RING 
OF    SATURN. 

From  the  period  in  which  Huygens  lived  until 
the  time  when  Herschel  applied  his  large  tele- 
scopes to  the  heavens,  few  discoveries  were  made 
in  relation  to  Saturn.  Cassini,  in  1  671,  discovered 
the  fifth  satellite  of  this  planet;  in  1672,  the  third; 
and  tlie  first  and  second  in  March,  1G84.  In  1675, 
Cassini  saw  the  broad  side  of  its  ring  bisected 
quite  round  by  a  dark  elliptical  line,  of  which  the 
inner  part  appeared  brighter  than  the  outer.  In 
1722,  Mr.  Hadley,  with  his  five  feet  Newtonian 
reflector,  observed  the  same  phenomenon,  and 
perceived  that  the  dark  line  was  stronger  next  the 
body,  and  fainter  toward  the  upper  edge  of  the 
ring.  Within  the  ring  he  also  discovered  two 
belts  across   the  disc  &f  Saturn;  but  it  doe*-  not 


appear  that  they  had  any  idea  that  this  dark  lino 
was  empty  space  separating  the  ring  into  two 
parts.  This  discovery  was  reserved  for  the  lato 
Sir  W.  Herschel,  who  made  numerous  observa- 
tions on  this  planet,  and  likewisij  ascertained  that 
the  ring  performs  a  revolution  round  the  planet 
in  ten  hours  and  thirty  minutes. 

Of  late  years,  some  observers  have  supposed 
that  the  exterior  ring  of  Saturn  is  divided  into 
several  parts,  or,  in  other  words,  that  it  consists 
qf  two  or  more  concentric  rings.  The  following 
are  some  of  the  observations  on  which  .this  opin- 
ion is  founded.  They  are  chiefly  extracted  from 
Captain  Kater's  paper  on  this  subject  whicli  was 
read  before  the  Astronomical  Society  of  London. 

The  observations,  we  are  told,  were  made  in 
the  years  1825  and  1826,  and  remained  unpub- 
lished from  a  wish  on  the  part  of  the  observer  to 
witness  the  appearances  again.  The  planet  Sat- 
urn has  been  much  observed  by  Captain  Kater 
for  the  purpose  of  trying  the  light,  &c.,  for  vvliicli 
the  ring  and  satellites  are  good  tests.  The  instru- 
ments whicli  w«re  employed  in  the  present  inves- 
tigations were  two  Newtonian  reflectors,  one  by 
Watson,  of  40  inches  focus  and  634^th  aiierture, 
and  another  by  Dollond,  of  68  inches  focus  and 
6j'4ths  aperture.  The  first,  under  favorable  cir- 
cumstances, gave  a  most  excellent  image;  the 
latter  is  a  very  good  instrument.  The  following 
are  extracts  from  the  author's  journal. 

Nov.  25,  1825.  The  double  ring  beautifully 
defined,  perfectly  distinct  all  around,  and  the 
principal  belts  well  seen.  I  tried  manj'  concave 
glasses,  and  found  that  the  image  was  much 
sharper  than  with  convex  eyeglasses,  and  the 
light  apparently  much  greater.  Dollond,  259,  the 
best  power,  480,  a  single  lens,  very  distinct.  Nov. 
30,  the  night  very  favorable,  but  not  equal  to  the 
25th.  The  exterior  ring  of  Saturn  is  not  so 
bright  as  the  interior,  and  the  interior  is  less 
briglit  close  to  the  edge  next  tlie  planet.  The  in- 
ner edge  appears  more  yellow  than  the  rest  of 
f.he  ring,  and  nearer  in  color  to  the  body  of  the 
planet.  Dec.  17.  The  evening  extremrly  fine. 
With  Dollond  I  perceived  the  outer  ring  of  Saturn 
to  be  darker  than  the  inner,  and  the  division  of 
the  ring  all  around  with  perfect  distinctness;  but 
with  Watson  I  fancied  that  I  saw  the  outer  ring 
separated  by  numerous  dark  divisions  extremely 
dose,  one  stronger  than  the  rest,  dividing  the  ring 
about  equally.  This  was  seen  with  my  most  per- 
fect single  eyeglass  power.  A  careful  examina- 
tion of  some  hours  confirmed  this  opinion.  Jan. 
16  and  17,  1825.  Captain  Kuter  believed  that  he 
saw  the  divisions  witli  the  Dollond,  but  was  not 
positive.  Concave  eyeglasses  found  to  be  superior 
to  convex.  Feb.  26,  lb26.  The  division  of  the 
outer  ring  not  seen  with  Dollond.  On  the  17ih 
Dec,  when  the  divisions  were  most  distinctlj'  seen, 
Captain  Kater  made  a  drawing  of  the  appearance 
of  Saturn  and  liis  rings.  The  pi  enomena  were 
witnessed  by  two  other  persons  on  the  same  even- 
ing, one  of  wliom  saw  several  divisions  in  the 
outer  ring,  wliile  the  other  saw  one  middle  division 
only;  but  the  latier  person  was  short-sighted,  and 
unaccustomed  to  telescopic  observations.  It  may 
be  remarked,  however,  that  these  divisions  were 
not  seen  on  other  evenings,  which  yet  were  con- 
sidered very  favorable  for  distinct  vision. 

It  is  said  that  the  same  appearances  were  seen 
by  Mr.  Short,  but  the  original  record  of  his  obser- 
vations cannot  be  found.  In  Lalande's  Astrono- 
my (3d  edition,  article  3351)  it  is  said,  "Cassini 
remarked  that  the  breadth  of  the  ring  was  divided 
into -two  equal  parts  by  a  dark  line  having  tha 
same  curvature  as  the  ring,  and  the  exterior  per- 
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tion  was  tho  less  light.  Short  told  me  that  he 
observed  still  more  singular  phenomena  with  his 
large  telescope  of  12  feet.  The  breadth  of  tlie 
aiisoe,  or  extremities  of  the  ring,  was,  according  to 
him,  divided  into  two  parts,  an  inner  portion 
without  any  break  in  the  illumination,  and  an 
outer  divided  by  several  lines  concentric  with  the 
circumference,  which  would  lead  to  a  belief  that 
there  are  seoi'.ral  rings  in  the  same  plarte."  De 
Lambre  and  Birt  severally  state  that  Short  saw 
the  outer  ring  divided,  probably  on  the  autliority 
of  Lalande.  In  Brewster's  Ferguson''.s  Astrono- 
my, vol.  ii,  p.  125,  2d  edition,  there  is  the  follow- 
ing note  on  tliis  subject:  "  Mr.  Short  assures  us 
that  with  an  excellent  telescope  he  observed  the 
surface  of  the  ring  divided  by  several  dark  con- 
centric lines,  which  seem  to  indicate  a  number  of 
rings  proportional  to  the  number  of  dark  lines 
which  he  perceived." 

In  December,  1813,  at  Paris,  Professor  Quetelet 
saw  the  outer  ring  divided  with  the  achromatic 
telescope  of  ten  inches  aperture,  which  was  ex- 
hibited at  the  exposition.  He  mentioned  this 
the  following  day  to  M.  de  la  Place,  who  observed 
that  "  those,  or  even  more  divisions,  were  con- 
formable to  the  system  of  the  world."  On  the 
other  hand,  the  division  of  the  outer  ring  was  not 
Been  by  Sir  W.  Herschet  in  1792,  nor  by  Sir  J. 
Herschel  in  1826,  nor  by  Struve  in  the  same  year; 
and  on  several  occasions  when  the  atmospheric 
conditions  were  most  favorable,  it  has  not  been 


seen  by  Captain  Kater.  It  has  been  remarked 
by  Sir  W.  Herschel,  Struve,  and  others,  that  the 
exterior  ring  is  much  less  brilliant  than  the  inte- 
rior; and  it  is  asked.  May  not  this  want  of  light 
in  the  outer  ring  arise  from  its  having  a  very 
dense  atmosphere  ?  and  may  not  this  atmosphera 
in  certain  states  admit  of  the  divisions  of  the  ex- 
terior ring  being  seen,  though,  under  other  cir- 
cumstances, they  remain  invisible?  The  above 
observations  are  said  to  have  been  confirmed  by 
some  recent  observations  by  Decujjpis  at  Rome, 
who  announced  some  years  ago,  that  Saturn's  outer 
ring  is  divided  into  two  or  three  concentric  rings. 
Some  of  the  observations  stated  above,  wer« 
they  perfectly  correct,  would  lead  to  the  conclu- 
sion that  Saturn  is  encompassed  with  a  number 
of  rings  concentric  with  and  parallel  to  each 
other.  But  while  such  phenomena  as  described 
above  are  so  seldom  seen,  even  by  the  most  power- 
ful telescopes  and  the  most  accurate  observers,  a 
certain  degree  of  doubt  must  still  hang  over  the 
subject;  and  we  must  suspend  our  opinion  on 
this  point  until  future  observations  shall  either  con- 
firm or  render  doubtful  those  to  which  we  have 
referred.  Should  the  Earl  of  Rosse's  great  tele- 
scope, when  finished  for  observation,  be  found  to 
perform  according  to  the  expectations  now  enter- 
tained, and  in  proportion  to  its  size  and  quantity 
of  light,  we  shall  expect  that  our  doubts  will  be 
resolved  in  regard  to  the  supposed  divisions  of  the 
ring  of  Saturn. 


APPENDIX. 

BRIEF  DESCRIPTION  OF  THE  EARL  OF  ROSSE'S  TELESCOPE. 


This  telescope,  the  largest  and  most  magnifi- 
cent that  ever  was  attempted,  reflects  the  greatest 
honor  on  the  genius,  the  inventive  powers,  and 
the  scientific  acquirements  of  its  noble  contriver, 
as  well  as  on  the  elevated  station  in  which  he  is 
placed.  With  rank  and  fortune,  and  every  cir- 
cumstance that  usually  unfit  men  for  scientific 
pursuit,  he  has  set  a  bright  example  to  his  com- 
peers of  the  dignity  and  utility  of  philosophical 
studies  and  investigations,  and  of  the  aids  they 
might  render  to  the  progress  of  science,  were 
their  wealth  and  pursuits  directed  in  a  proper 
channel. 

Previously  to  his  lordship's  attempting  the  con- 
struction of  his  largest,  or  "  Monster  Telescope," 
he  had  constructed  one  with  a  speculum  of  three 
feet  in  diameter,  whicli  was  considered  one  of  the 
most  accurate  and  powerful  instruments  that  had 
ever  been  made,  not  excepting  even  Sir  W.  Her- 
schel's  forty  feet  reflector.  In  the  account  of 
this  telescope  published  in  the  Philosojjhical 
Transactions  for  1840,  his  lordship  speaks  of  the 
possibility  of  a  speculum  of  six  feet  in  diameter 
being  cast.  At  that  time  it  was  considered  by 
some  as  little  short  of  a  chimera  to  attempt  the 
construction  of  such  a  monstrous  instrument;  but 
the  idea  no  sooner  occurred  to  this  ingenious  and 
persevering  nobleman  than  he  determined  to  put 
it  to  the  test,  and  the  result  has  been  attended 
with  complete  success.  The  materials  of  which 
this  speculum  is  composed  are  copper  and  tin, 
united  very  nearly  in  their  atomic  proportions, 
namely,  copper  126.4  parts    to  tin  58.9  parts. 


This  compound  has  a  specific  gravity  of  3.8,  and 
is  found  to  preserve  its  luster  with  more  splendor, 
and  to  be  more  free  from  pores  than  any  other. 
A  foundry  was  constructed  expressly  for  the  pur- 
pose of  casting  the  speculum.  Its  chimney,  built 
from  the  ground,  was  18  feet  high,  and  l&y^ 
square  at  the  base,  tapering  to  four  at  the  top. 
At  each  of  its  sides,  communicating  with  it  by  a 
flue,  was  sunk  a  furnace  8  feet  deep  and  5)^ 
square,  with  a  circular  opening  4  feet  in  diame- 
ter. About  seven  feet  from  tiie  chimney  was 
erected  a  large  crane,  with  the  necessary  tackle 
for  elevating  and  carrj'ing  the  crucibles  from  the 
furnace  to  the  mold,  which  was  placed  in  a  line 
with  the  chimney  and  crane,  and  had  three  iron 
baskets  supported  on  pivots  hung  round  it;  and 
four  feet  farther  on  was  the  annealing  oven. 
The  crucibles  which  contained  the  metal  were 
each  2  feet  in  diameter,  2'^  deep,  and  together 
weighed  one  ton  and  a  half.  They  were  of  cast 
iron,  and  made  to  fit  the  baskets  at  the  side  of  the 
mold.  These  baskets  were  hung  on  wooden  up- 
rights, or  pivots;  to  one  of  these,  on  each  side, 
was  attached  a  lever,  by  depressing  which  it 
might  be  turned  over,  and  the  contents  of  the 
crucible  poured  into  the  mold.  The  bottom  of 
the  mold  was  made  by  binding  together  tightly 
layers  of  hoop  iron,  and  turning  the  required 
shape  on  them  edgewise.  This  mold  conducted 
the  heat  away  through  the  bottom,  and  cooled 
the  metal  toward  the  top  in  infinitely  small 
layers,  while  the  interstices,  thougli  close  enougb 
to  prevent  tho  metal  from  escaping,  were  suffi- 
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cieiidy  open  to  allow  the  air  to  penetrate.  This 
bottom  was  6  feet  in  diameter  and  53^2  inclies 
thick,  and  was  made  perfectly  horizontal  by  means 
of  spirit  levels,  and  was  surrounded  b)'  a  wooden 
Jranie.  A  wooden  patt?irn,  the  exact  size  of  the 
Bpeculum,  being  placed  on  the  iron,  sand  was  well 
packed  between  it  and  the  frame,  and  the  pattern 
was  removed.  P>aeh  of  the  crucibles  containing 
the  melted  metal  was  then  placed  in  its  baakel, 
and  everyiiiing  being  ready  for  discharging  their 
contents,  they  were  at  the  same  instant  turned 
over,  and  the  mold  being  filled,  tiie  metal  in  a 
short  time  safely  set  into  the  required  figure. 
While  it  was  red  hot,  and  scarcely  solid,  the 
framework  was  removed,  and  an  iron  ring  con- 
nected with  a  bar  which  passed  through  the  oven 
being  placed  round  it,  it  was  drawn  in  by  means 
of  a  capstan  at  the  other  side,  on  a  railroad,  when 
charcoal  being  lighted  in  the  oven,  and  turf  fires 
underneath  it,  all  the  openings  were  built  up,  and 
it  was  left  for  sixteen  weeks  to  anneal.  It  was 
cast  on  the  13th  of  April,  1842,  at  9  o'clock  in 
the  evening.  The  crucibles  were  ten  hours  heat- 
ing in  the  furnaces  before  the  metal  was  intro- 
duced, which  in  about  ten  hours  more  was  suffi- 
ciently fluid  to  be  poured.  When  the  oven  was 
opened  the  speculum  was  found  as  perfect  as 
when  it  entered  it.  It  was  then  removed  to  the 
grinding  machine,  where  it  underwent  that  pro- 
cess, and  afterward  was  polished,  without  any 
accident  having  occurred. 

This  speculum  weighed  three  tons,  and  lost 
about  one-eighth  of  an  inch  in  grinding.  Lord 
Rosse  has  since  cast  another  speculum  of  the 
same  diameter  four  tons  in  weight.  He  can  now, 
with  perfect  confidence,  undertake  any  casting, 
60  great  an  improvement  has  the  form  of  mold 
which  he  has  invented  proved.  The  speculum 
was  placed  on  an  equilibrium  bed,  composed  of 
nine  pieces,  resting  on  points  at  their  centers  of 
gravity.  The  pieces  were  lined  with  pitch  and 
felt  before  the  speculum  was  placed  on  them. 
The  speculum  box  is  also  lined  \\\ih  felt,  and 
pitched:  this  prevents  any  sudden  change  of  tem- 
perature affecting  the  speculum  by  means  of  tlie 
bad  conducting  power  of  tiie  substances  emploj'ed. 
A  vessel  of  lime  is  kept  in  connection  with  the 
speculum  box  to  absorb  the  moisture,  which 
otherwise  might  injure  the  mirror.  The  proce.«s 
of  griniling  was  conducted  under  water,  and  the 
moving  power  employed  was  a  steam-engine  of 
three  horse  power.  The  polisher  is  connected 
with  the  machinery  by  means  of  a  large  ring  of 
iron,  which  loosely  encircles  it;  and  instead  of 
either  the  speculum  or  the  polisher  being  sta- 
tionary, both  move  with  a  regulated  speed.  The 
ring  of  the  polisher,  and  therefore  the  polisher 
itself,  has  a  transverse  and  a  longitudinal  motion; 
it  makes  80  strokes  in  the  minute,  and  24io  strokes 
backward  and  forward  for  every  revolution  of  the 
mirror,  and  at  the  same  time  1  y\-^th  strokes  in 
the  transverse  direction.  The  extent  of  the  latter 
is  -2-J_ths  of  the  diameter  of  the  speculum.  The 
substance  made  use  of  to  wear  down  the  surface 
was  emery  and  water:  a  constant  supply  of  these 
was  kept  between  the  grinder  and  the  speculum. 
The  grinder  is  made  of  cast  iron,  with  grooves 
cut  lengthwise,  across,  and  circularly  on  its  face. 
The  polisher  and  spoculum  have  a  mutual  action 
Upon  each  other:  in  a  few  hours,  by  the  help  of 
the  emery  and  water,  they  are  both  ground  truly 
circular,  whatever  may  have  been  their  previous 
defects.  The  grinding  is  continued  until  the  re- 
quired form  of  surface  is  produced,  and  this  is  as- 
certained in  the  following  manner :  there  is  a  high 


tower  over  the  house  in  which  the  speculum  is 
ground,  on  the  top  of  which  is  fixed  a  pole,  to 
which  is  attached  the  dial  of  a  watch;  there  are 
trap-doors  which  open,  and  by  means  of  a  tempo- 
rary eyepiece,  allow  the  figure  of  the  dial  to  be 
seen  in  the  speculum  brought  to  a  slight  polish. 
If  the  dots  on  the  dial  are  not  sufficiently  well- 
defined,  the  grinding  is  continued;  but  if  tliey 
appear  satisfactorily,  the  polishing  is  commenced 
It  required  six  weeks  to  grind  it  to  a  fair  surface 
The  polisher  was  cut  into  grooves,  to  prevent  the 
abraded  matter  from  accumulating  in  some  places 
more  than  in  others;  a  thin  layer  of  pitch  was 
spread  over  it;  it  was  smeared  over  with  rouge 
and  water,  and  a  supply  of  it  kept  up  until  the 
machinery  brought  it  to  a  fine  black  polish.  The 
length  of  time  employed  for  polishing  the  three- 
feet  speculum  was  six  hours.* 

This  large  telescope  is  now  completed,  or  nearly 
so.  The  tube  is  56  feet  long,  including  the  spe- 
culum box,  and  is  made  of  deal  one  inch  thick, 
hooped  with  iron.  On  the  inside,  at  intervals  of 
eight  feet,  there  are  rings  of  iron  three  inches  in 
depth  and  one  inch  broad,  for  the  purpose  o/ 
strengthening  the  sides.  The  diameter  of  the 
tube  is  seven  feet.  It  is  fixed  to  mason-work  in 
the  ground  by  a  large  universal  hinge,  which 
allows  it  to  turn  in  all  directions.  At  12  feet  dis- 
tance on  each  side  a  wall  is  built,  72  feet  long,  48 
high  on  tlie  outer  side,  and  .56  on  the  inner,  the 
walls  being  24  feet  distant  from  each  other,  and 
lying  exactly  in  the  meridional  line.  When  di- 
rected to  the  south,  the  tube  may  be  lowered  until 
it  becomes  almost  horizontal;  but  when  pointed 
to  the  north,  it  only  falls  until  it  is  parallel  with 
the  earth's  axis,  pointing  then  to  the  pole  of  the 
heavens.  Its  lateral  movements  take  place  only 
from  wall  to  wall,  and  this  commands  a  view  for 
half  an  hour  on  each  side  of  the  meridian;  that  is, 
the  whole  of  its  motion  from  east  to  west  is  limited 
to  ]5  degrees.  At  present  it  is  fitted  up  in  a  tem- 
porary way  to  be  used  as  a  transit  instrument; 
but  it  is  ultimately  intended  to  connect  with  the 
tube-end  galleries  machinery  which  shall  give  an 
automaton  movement,  so  that  the  telescope  shall 
be  used  as  an  equatorial  instrument.  All  the 
works  connected  with  Ibis  instrument  are  of  the 
strongest  and  safest  kind;  all  the  iron  work  vvaa 
cast  in  his  lordship's  laboratory  by  men  instructed 
by  himself,  and  every  part  of  the  machinery  was 
made  under  his  own  eye  by  the  artisans  in  his  own 
neighborhood,  and  not  a  single  accident  worth 
mentioning  liappened  during  the  whole  proceed- 
ing. 

The  expense  incurred  by  his  lordship  in  the 
erection  of  this  noble  instrument,  was  not  less 
than  twelve  thousand  pounds  !  beside  the  money 
expended  in  the  construction  of  the  telescope  of 
three  feet  diameter.  Sufficient  time  has  not  yet 
been  afforded  for  making  particular  observations 
with  this  telescope;  but  from  slight  trials  which 
have  been  made,  even  under  unfavorable  circum- 
stances, it  promises  important  resul'ts.  Its  great 
superiority  over  every  telescope  previously  con- 
structed, consists  in  the  great  quantity  of  light  it 
reflects,  and  the  brilliancy  with  which  it  exhibits 
objects,  even  when  high  powers  are  applied.  It 
has  a  reflecting  surface  of  4071  square  inches, 
while  that  of  Ilerschel's  40  feet  telescope  had 
only  1811   square  inches  on  its  polished  surface, 


*  The  above  description  has  been  seli'ctefl  and  abridged 
from  a  small  volume  entitled  "  The  Monster  Telescope, 
erected  by  the  Earl  of  Rosse,  Parsontown,"  and  also  from 
the  "  Illustrated  London  News"  of  September  9th,  1843. 
In  the  volume  alluded  to  a  more  particular  description  will 
be  found,  accompanied  with  engravings. 
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80  that  the  quantity  of  light  reflected  from  the 
speculum  is  considerably  more  than  double  that 
of  Herschel's  Uirgest  reflector.  This  instrument 
has  already  exceeded  his  lordship's  exi>ectations. 
Many  appearances  before  invisible  in  the  Moon 
have  been  perceived,  and  there  is  every  reason  to 
expect  that  new  discoveries  will  be  made  by  it  in 
the  NehulcE,  double  and  triple  stars,  and  other 
celestial  objects.  The  following  is  an  extract  of 
a  communication  from  Sir  James  South  on  this 
subject,  addressed  to  the  editor  of  the  "  Times;" 
"  The  leviathan  telescope  on  which  the  Earl  of 
Rosse  has  been  toiling  upward  of  two  years, 
although  not  absolutely  finished,  was  on  Wednes- 
day last  directed  to  the  sidereal  heavens.  The 
letter  which  I  have  this  morning  received  from  its 
noble  maker,  in  his  usual  unassuming  style, 
merely  stales  that  the  metal,  only  just  polished, 
was  of  a  pretty  good  figure,  and  that  with  a 
power  of  .'ilJO  the  nebula  known  as  No.  2  of  Mes- 
sier's  catalogue  was  even  more  magnificent  than 
the  nebula  No.  13  of  Messier,  when  seen  with  his 
lordship's  telescope  of  three  feet  diameter  and  27 
feet  focus.  Cloudy  weather  prevented  him  from 
turning  the  leviathan  on  any  other  nebulous  ob- 


ject. Thus,  then,  wo  ha\*^  all  danger  of  the  metal 
breaking  before  it  could  be  polished,  overcome. 
Little  more,  however,  will  be  done  with  it  for  some 
time,  as  the  earl  is  on  the  eve  of  quitting  Ireland 
for  England  to  resign  his  post  at  York  as  presi- 
dent of  the  British  Association.  I  look  forward 
with  intense  anxiety  to  witness  its  first  severe 
trial,  when  all  its  various  appointments  shall  be 
completed,  in  the  confidence  that  those  who  may 
then  be  present  will  see  with  it  what  m""aa  has 
never  seen  before.  The  diameter  of  the  large 
metal  is  six  feet,  ajid  its  focus  54  feet;  yet  the 
immense  mass  is  manageable  by  one  man.  Com- 
pared with  it,  the  working  telescopes  of  i^ir  Wil- 
liam Herschcl,  which  in  his  hands  conferred  on 
astronomy  such  inestimable  service,  and  on  him- 
self astronomical  immortality,  were  but  play- 
things." 

The  following  is  a  more  recent  account  of  ob- 
servations made  by  this  telescope,  chiefly  extracted 
from  Sir  James  South's  description,  inserted  in 
the  Times  of  April  16th,  1845,  and  the  "Illus- 
trated London  News"  of  April  19: 

"  The  night  of  the  5th  of  March,  1845,  was  the 
finest  I  ever  saw  in  Ireland.     Many  nebulse  were 


Fig.  98. 


observed  by  Lord  Rosse,  Dr.  Robinson,  and  my- 
self. Most  of  them  were,  for  the  first  time  since 
their  creation,  seen  by  us  as  groups  or  clusters  of 
sfa''^;  while  some,  at  least  to  my  eyes,  showed  no 
Riich  resolution.  Never,  however,  in  my  life  did 
I  s-e  such  glorious  sidereal  pictures  as  this  instru- 
me\  jiff'urjed  us.  Most  of  the  nebulie  we  saw  I 
C'^rltniily  have  observed  with  my  own  achromatic; 
biit  aliliongh  that  instrument,  as  far  as  relates  to 
m  ig  ifying  ])ower,  is  probably  infeiior  to  no  one 
i  ;  'Xj-:fencp,  yet  to  compare  tliese  nebula?,  as  seen 
V  i^li  it  and  the  six-feet  feiescope,  is  like  compar- 
i"(r,  t:s  -s^en  witli  the  naked  eye,  the  dinginess  of 
ll'.e  pi  met  Saturn  to  the  brilliancy  of  Venus.  The 
Tjii)-t  popularly  known  nebula;  observed  this  night 
w^^re  t';ie  rjinr  nebulre  in  the  Canes  Venatici,  or  tlie 
M-t  of  Messi'r's  catalogue,  which  was  resolved 
into  stars  with  a  magnifying  power  of  548,  and 
the  94th  of  IMessier,  whicli  is  in  the  same  constel- 
lation, and  which  was  resolved  into  a  large  globu- 
lar cluster  of  stars  not  much  unlike  the  well- 
known  cluster  in  Hercules,  called  also  the  1.3th 
of  Messier."  Perfection  of  figure,  however,  of  a 
telescope  must  be  tested,  not  by  nebula;,  but  by 
its  performance  on  a  star  of  the  first  magnitude. 
If  it  will,  under  high  power,  show  the  star  round 
and  tree  from  optical  appendages,  we  may  safely 
tako  it  for  granted  it  will  not  only  show  nebulas 


well,  but  any  other  celestial  object  as  it  ought. 
To  determine  this  point,  the  telescope  was  directed 
to  Requlus  with  the  entire  aperture,  and  a  power 
of  800,  and  "I  saw,"  says  Sir  James,  "with  in- 
expressible deliglit,  the  star  free  from  wings,  tails, 
or  optical  appendages;  not  indeed,  like  a  planetary 
disc,  as  in  my  large  achromatic,  but  a  round 
image  resembling  voltaic  light,  between  charcoal 
points;  and  so  little  aberration  had  this  brilliant 
image,  that  I  could  have  measured  its  distance 
from,  and  position  with  any  of  the  stars  in  the 
field  with  a  spider's-line  micrometer,  and  a  power 
of  1000,  without  the  slightest  diffioulty;  for  not 
only  was  the  large  star  round,  hut  the  telescope, 
although  in  the  open  air,  and  the  wind  blowing 
rather  fresh,  was  as  steady  as  a  rock." 

"On  subsequent  nights,  observations  of  other 
nebula;,  amounting  to  some  thirty  or  more,  re- 
moved most  of  them  from  the  list  of  nebulaB, 
where  they  had  long  figured,  to  that  of  clusters; 
while  some  of  these  latter,  more  especially  the  5th 
of  Messier,  exhibited  a  sidereal  picture  in  the  tele- 
scope such  as  man  before  had  never  seen,  and 
which  for  its  magnificence  baffles  all  description 
Several  double  stars  were  seen  with  various  aper- 
tures of  the  telescope,  and  with  powers  between 
3G0  and  800;  and  as  the  earl  had  before  told  ua 
we  should — before  the  speculum  was  inserted  iu 
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the   tube,  in    consequence    of    his    having   been  i 
obliged  to  quit  the  superintendence  of  the  polish- 
ing at  Ihe  most  critical   part   of  the  process — we 
found  that  a  ring  about  six  inches  broad,  reckon- 
ing from  the  circumference  of  the  speculum,  was  j 
not  perfectly  polished,  and  to  that  tlie  little  irra-  I 
diation   seen   about   Regulus  was  unquestionably! 
referrible.      The  only  double  stars  of  the  first  class  ! 
which  the  weather  permitted  us  to  examine  with 
it  were  Xi   Drste  Majoris,  and  Gamma  Virgiiiis, 
which  I  could    have  measured  with  the  greatest! 
confidence.     D'Arrest's  comei  we  observed  on  the 
12th  of  March,  with  a  power  of  400,  but  nothing  j 
worthy  of  notice  was  detected.     Of  the  Moon  a 
few   words   must  suffice.     Its  appearance   in   my 
large  achromatic  of  IxJ  inches  aperture  is  known 
to  hundreds  of  readers;  let    them   then    imagine 
that  with  it  they  look  at  the    moon,  while  with 
Lord  Rosse's  six-feet  they  look  into  it,  and  they 
will   not  form   a  very  erroneous    opinion    of  the 
oerformance  of  the   leviathan.     On   the    15tii  of 
March,  when    the  moon  was  seven    days  old,  I 
never  saw  her  unilluminated  disc   so  beautifully, 
nor  her  mountains  so  temptingly  measurable.    On 
my  first  looking  into  the  telescope,  a  star  of  about 
the   seventh   magnitude  was  some    minutes  of  a 
aegree  from  the  moon's  dark  limb,  and  its  occul- 
tation  by  the  moon  appeared  inevitable.     The  star, 
however,  instead  of  disappearing  the  moment  the 
moon's  edge  came  in  contact  with  it,  apparently 
glided  on  tlie  moon's  dark   face,  as  if  it  had  been 


seen  through  a  transparent  moon,  or  as  if  the  star 
were  between  me  and  the  moon.  It  remained  on 
the  moon's  disc  nearly  two  seconds  of  time,  and 
then  disappeared.  I  have  seen  this  a[)parent  pro- 
jection of  a  star  on  the  moon's  face  several  timca, 
but  from  the  great  biilliancy  of  the  star,  this  was 
the  most  bcauliful  I  ever  saw.  The  cause  of  this 
phenomenon  Is  involved  in  impenetrable  mystery. 
The  following  is  a  representation  of  the  great 
Rosse  telescope,  along  with  part  of  the  builciiiiga 
with  which  it  is  connected.  In  the  interior  face 
of  the  eastern  wall  a  very  strong  iron  arc  of  about 
43  feet  radius  is  firmly  fixed,  provided  with  adjust- 
ments, whereby  its  surl'ace  facing  the  tck'sco])e 
may  be  set  very  accurately  in  the  plane  of  tlio 
meridian.  On  this  bar  lines  are  drawn,  the  inter- 
val between  any  adjoining  two  of  which  corres- 
ponds to  one  minute  of  time  on  the  equator.  The 
tube  and  speculum,  including  the  bed  on  which 
the  speculum  rests,  weigh  about  15  tuns.  The 
telescope  rests  on  a  universal  joint,  phiced  on 
masonry  about  six  feet  below  the  ground,  and  is 
elevated  or  depressed  by  a  chain  and  windlass; 
and  although  it  weighs  about  15  tons,  the  instru- 
ment is  raised  by  two  men  with  great  facility  : 
of  course,  it  is  counterpoised  in  every  diruction. 
The  observer,  when  at  work,  stands  in  one  of  four 
galleries,  the  three  highest  of  vvliich  are  drawn 
out,  from  the  western  wall,  while  tlie  fourth  or 
lowest  has  for  its  base  an  elevating  platform,  along 
the  horizontal  surface  of  which  a  gallery  slides 


Fig.  99 


from  wall  to  wall  by  a  machinery  within  the 
observer's  reach,  but  which  a  child  may  work. 
When  the  telescope  is  about  half  an  hour  east  of 
the  meridian,  the  galleries,  hanging  over  the  gap 
between  the  wails,  present  to  a  spectator  below  an 
appearance  somewhat  dangerous;  yet  the  observer, 
with  common  prudence,  is  as  safe  as  on  the 
ground,  and  each  of  the  galleries  can  be  drawn 
from  the  wall  to  the  telescope's  side  so  readily, 
that  tlie  observer  needs  no  one  else  to  move  it  for 
him. 

The  foregoing  figure  (9S)  represents  only  tlie 
upper  part  of  the  tube  of  the  telescope,  at  which 
the  observer  stands  when  making  his  observations. 
The  telescope  is  at  present  of  the  Newtonian  con- 
Btruction,  and,  consequently,  the  observer  looks 
into  the  side  of  the  tube  at  the  upper  end  of  the 
telescope;  but  it  is  proposed  to  throw  aside  the 
plane  speculum,  and  to  adapt  it  to  the  front  vietc, 
on  the  plan  already  described  (see  pp.  88,  89, 
&c.),  so  that  the  observer  will  sit  or  stand  with 
his  back  toward  the  object,  and  his  face  looking 
down  upon  tho speculum;  and  in  this  position  he, 


will  sometimes  be  elevated  between  50  and  60  feet 
above  the  ground.  As  yet,  the  telescope  has  no 
equatorial  motion,  but  it  very  shortly  will;  and  at 
no  very  distant  day,  clockwork  will  be  connected 
with  it,  when  the  observer  will,  while  observing, 
be  almost  as  comfortable  as  if  he  were  reading  at 
a  desk  by  his  fireside. 

The  foregoing  figure  (99)  shows  a  section  of 
the  machinery  connected  with  this  telescope.  It. 
exhibits  a  view  of  the  inside  of  the  eastern  wall, 
with  all  the  machinery  as  seen  in  section.  A  is 
the  mason  work  on  the  ground;  B,  the  universal 
joint,  which  allows  the  tube  to  turn  in  all  direc- 
tions; C,  the  speculum  in  its  tube;  D,  the  box; 
E,  the  eyepiece;  F,  the  movable  pulley  G,  the 
fixed  one;  H,  the  chain  from  the  side  of  the  tube; 
I,  the  chain  from  the  beam;  K,  the  counterpoise; 
L,  the  lever;  M,  the  chain  connecting  it  with  the 
tube;  Z,  the  chain  which  passes  from  the  tube  to 
the  windlass  over  a  pulley  on  a  trussbeam,  which 
runs  from  Wto  the  same  situation  on  the  opposite 
wall  :  the  pulley  is  not  seen;  A'  is  a  railroad,  on 
which  the  speculum  is  drawn  either  to  or  from  iti 
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box:  part  is  cut  away,  to  show  the  cou)iterpoise. 
The  dotted  line  a  represents  the  course  of  the 
weight  R  as  tlie  tube  rises  or  falls  :  it  is  a  segment 
of  a  circle,  of  which  the  chain  I  is  the  radius. 
The  tube  is  moved  from  wall  to  wall  by  the  ratchet 
and  wheel  at  R  ;  the  wlieel  is  turned  by  the  handio 
O,  and  the  ratchet  is  fixed  to  the  circle  on  the 
Wall.  The  ladders  in  front,  as  shown  in  the  pre- 
ceding sketch,  enable  the  observer  to  follow  the 
tube  in  its  ascent  to  where  the  galleries  on  the 
side-wall  commence.  These  side-galleries  are 
three  in  number,  and  each  can  be  moved  from 
wall  to  wall  by  the  observer  after  the  lube,  tlie 
motion  of  which  he  also  accomplishes  by  means 
of  the  handle  O. 

I  shall  conclude  the  description  of  this  wonder- 
ful instrument  in  the  words  of  Sir  James  South: 

"What  will  be  the  power  of  this  telescope 
when  it  has  its  Le  Mairean  form  [that  is,  when 
it  is  fitted  up  with  tlie  front  view],  "  it  is  not  easy 
to  divine.  What  nebulce  will  it  resolve  into  stars? 
in  what  nebuls  will  it  not  find  stars?  how  many 
satellites  of  Saturn  will  it  show  us  ?  how  many 
will  it  indicate  as  appertaining  to  Uranus?  how 
many  nebula  never  yet  seen  by  mortal  eye  will 
it  present  to  us?  what  spots  will  it  show  us  on 
the  various  planets?  will  it  tell  us  what  causes 
the  variable  brightness  of  many  of  the  fixed  stars? 
will  it  give  us  any  information  as  to  the  constitu- 
tion of  the  planetary  nebulae?  will  it  exhibit  to 
us  any  satellites  encircling  them?  will  it  tell  us 
why  the  satellites  of  Jupiter,  wliich  generally  pass 
over  Jupiter's  face  as  discs  nearly  of  white  light, 
sometimes  traverse  it  as  black  patches  !  will  it 
add  to  our  knowledge  of  the  physical  construc- 
tion of  nebulous  stars?  of  that  mysterious  class 
of  bodies  which  surround  some  stars,  called,  for 
want  of  a  better  name,  'photospheres'?  will  it 
show  the  annular  nebulae  of  Lyra  merely  as  a 
brilliant  luminous  ring,  or  will  it  exhibit  it  as 
thousands  of  stars  arranged  in  all  the  symmetry 
of  an  ellipse?  will  it  enable  us  to  comprehend  the 
hitherto  incomprehensible  nature  and  origin  of 
the  light  of  the  great  nebulas  of  Orion?  will  it 
give  us,  in  easily  appreciable  quantity,  the  paral- 
lax of  some  of  the  fixed  stars,  or  will  it  make 
sensible  to  us  the  parallax  of  the  nebulae  them- 
selves? finally,  having  presented  to  us  original 
portraits  of  the  moon  and  of  the  sidereal  heavens, 
such  as  man  has  never  dared  even  to  anticipate, 
will  it,  by  Daguerreotype  aid,  administer  to  us 
copies  founded  upon  truth,  and  enable  astrono- 
mers of  future  ages  to  compare  the  moon  and 
heavens  as  they  then  may  be  with  the  moon  and 
heavens  as  they  were?  Some  of  these  questions 
will  be  answered  affirmatively,  others  negatively, 
and  that,  too,  very  shortly;  for  the  noble  maker 
of  the  noblest  instrument  ever  formed  by  man 
'has  cast  his  bread  upon  the  waters,  and  will, 
with  God's  blessing,  find  it  before  many  days.'  " 


HINTS   TO    AMATEURS    IN    ASTRONOMY    RESPECTING 
THE    CONSTRUCTION    OF  TELESCOPES. 

As  there  are  many  among  the  lower  ranks  of 
the  community  who  have  a  desire  to  be  possessed 
of  a  telescope  which  will  show  them  some  of  the 
prominent  features  of  celestial  scenery,  but  who 
are  unable  to  purchase  a  finished  instrument  at 
the  prices  usually  charged  by  opticians,  the  fol- 
lowing hints  may  perhaps  be  acceptable  to  those 
who  are  possessed  of  a  mechanical  genius. 

The  lenses  of  an  achromatic  telescope  may  he 
purchased  separately  from  glass-grinders  or  opti- 
cians, and  tubes  of  a  cheap  material  may  be  pre- 


pared by  the  individual  himself  for  receiving  the 
glasses.  The  following  are  the  prices  at  which 
achromatic  object-glasses  for  astronomical  tele- 
scopes are  generally  sold  :  Focal  length  30  inches, 
diameter  234th  inches,  from  2  to  .35.j  guineas. 
Focal  length  49  inches,  diameter  2;*.4ths  inches, 
from  5  to  8  guineas.  Focal  length  42  inches, 
diameter  Sj^^th  inches,  from  12  to  2!)  guineas. 
Focal  length  42  inches,  diameter  3^^ths  inches, 
from  2o  to  .30  guineas.  Eyepieces,  Irom  10s.  Gd. 
to  18  shillings.  The  smallest  of  these  lenses, 
namely,  that  of  214th  inches  diameter,  if  truly 
achromatic,  may  be  made  to  bear  a  power  of  from 
80  to  100  times  in  clear  weather  for  celestial  ob- 
jects, which  wilTshow  Jupiter's  moons  and  belts, 
Saturn's  ring,  and  other  celestial  phenomena. 
The  tubes  may  be  made  either  of  tin  plates,  papier 
mache,  or  wood.  Wood,  however,  is  rather  a 
clumsy  article,  aiid  it  is  sometimes  liable  to  warp, 
yet  excellent  tubes  have  sometimes  been  made  of 
it.  Perhaps  the  cheapest  and  most  convenient  of 
all  tubes,  when  properly  made,  are  those  formed 
of  paper.  In  forming  these,  a  wooden  roller  of 
the  proper  diameter  should  be  procured,  and  paper 
of  a  proper  size,  along  with  bookbinder's  paste. 
About  three  or  four  layers  only  of  the  paper 
should  be  pasted  at  one  time,  and  when  suffi- 
ciently dry,  it  should  be  smoothed  by  rubbing  it 
with  a  smooth  stick  or  ruler;  after  which  another 
series  of  layers  should  be  pasted  on,  and  allowed 
to  dry  as  before,  and  so  on  until  the  tube  has  ac- 
quired a  sufficient  degree  of  strength  and  firmness. 
In  this  way  I  have,  by  means  of  a  few  old  news- 
papers and  similar  materials,  formed  tubes  a» 
strong  as  if  they  had  been  made  of  wood.  II 
several  tubes  be  intended  to  slide  into  each  other^ 
the  smallest  tube  should  be  made  first,  and  it  will 
serve  as  a  roller  for  forming  the  tube  into  which 
it  is  to  slide. 

An  achromatic  object-glass  of  a  shorter  focal 
distance  and  a  smaller  diameter  than  any  of  thosa 
stated  above,  may  be  fitted  up  as  a  useful  astrono- 
mical telescope  when  a  better  instrument  cannot 
be  procured.  In  the  pawnbrokers'  shops  in  Lon» 
don  and  other  places,  an  old  achromatic  tele- 
scope,  with  an  object-glass  20  inches  focal  distance 
and  about  l^o  inch  diameter,  may  be  purchased 
at  a  price  varying  from  15  to  20  shillings.  By 
applying  an  astronomical  eyepiece  to  such  a  lens, 
if  a  good  one,  it  may  bear  a  power  for  celestial 
objects  of  50  or  60  times.  If  two  plano-convex 
glasses  three-fourths  of  an  inch  focal  distance  be 
placed  with  their  convex  sides  near  to  each  other, 
they  will  form  an  eyepiece  which  will  produce  a 
power  on  such  an  object-glass  of  above  50  times, 
which  will  show  Jupiter's  belts  and  satellites, 
Saturn's  ring,  the  solar  spots,  and  the  mountains 
and  cavities  of  the  moon.  I  have  an  object-glass 
of  this  description  which  belonged  to  an  old  tele- 
scope, which  cost  me  only  12  shillings,  and  with 
which  I  formerly  made  some  useful  astronoinic?il 
observations.  It  was  afterward  used  as  the  tele- 
scope of  a  small  equatorial  instrument,  and  with 
it  I  was  enabled  to  perceive  stars  of  the  first  and 
second  magnitude,  and  the  planets  Venus,  JupUer, 
and  Mars  in  the  day-time. 

But,  should  such  a  glass  be  still  beyond  tho 
reach  of  the  astr(  noinical  amateur,  let  him  not 
altogether  despair.  He  may  purchase  a  single 
lens  of  three  feet  focal  distance  for  about  a  coupla 
of  shillings,  and  by  applying  an  eyeglass  of  one 
inch  focus,  which  may  be  procured  for  a  shil- 
ling, he  will  obtain  a  power  of  36  tiiTi&s,  which 
is  a  higher  power  than  Galileo  was  able  lo  apply 
to  his  best  telescope;  and  consequently,  with  such 
au  instrument,  he  will  be  enabled  to  poiceive  all 
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the  celestial  objects  which  that  celebrated  astrono- 
mer first  described,  and  wliich  excited  so  much 
wonder  at  that  period  in  the  learned  world;  but, 
whatever  kind  of  telescope  may  be  used,  it  is  es- 
sentially requisite  that  it  be  placed  on  a  firm  stand 
in  all  celestial  observations;  and  any  conmion  me- 
chanic can  easily  form  such  a  stand  at  a  trifling 
expense. 

There  is  a  certain  optical  illusion  to  which 
most  persons  are  subject  in  the  first  use  of  tele- 
scopes, especially  when  applied  to  the  celestial 
bodies,  on  which  it  may  not  be  improper  to  make 
a  remark.  The  illusion  to  which  I  allude  is 
this,  that  they  are  apt  to  imagine  the  telescope 
does  not  magnify  nearly  so  nnicli  as  it  really  does; 
they  are  apt  to  complain  of  the  small  appearance 
which  Jupiter  and  Saturn,  for  example,  present 
when  magnified  ItJO  or  200  times.  With  such 
powers  tliey  are  apt  to  imagine  that  these  bodies 
do  not  appear  so  large  as  the  moon  to  the  naked 
eye;  yet  it  can  be  proved  that  Jupiter,  when 
nearest  the  earth,  viewed  with  such  a  power, 
appears  about  five  times  the  diameter  of  the  full 
moon,  and  25  times  larger  in  surface.  This  ap- 
pears from  the  following  calculation  :  Jupiter, 
when  in  opposition,  or  nearest  the  Earth,  presents 
a  diameter  of  47";  the  mean  apparent  diameter 
of  the  moon  is  about  31';  multiply  the  diameter 
of  Jupiter  by  the  magnifying  power,  200,  the 
product  is  9400",  or  15tJ',  or  2°  36',  which,  divided 
by  31',  the  moon's  diameter,  produces  a  quotient 
of  5,  showing  that  this  planet  with  such  a  power 
appears  five  times  larger  in  diameter  than  the  full 
moon  to  the  naked  eye,  and  consequently  25  times 
larger  in  surface.  Were  a  power  of  only  50  times 
applied  to  Jupiter  when  nearest  the  earth,  that 
planet  would  appear  somewhat  larger  than  the 


full  moon;  for  47"  multiplieii  by  50  gives  2350", 
or  39',  which  is  8'  more  than  the  diameter  of  the 
moon;  yet  with  such  a  power  most  persons  would 
imagine  that  the  planet  does  not  appear  one-third 
of  the  size  of  the  full  moon. 

The  principal  mode  by  which  a  person  may  be 
experimentally  convinced  of  the  fallacy  to  which 
I  allude  is  the  following  :  At  a  time  when  Jupiter 
hapjjens  to  be  within  a  few  degrees  of  the  moon, 
let  the  planet  be  viewed  through  the  telescope 
with  the  one  eye,  and  the  magnified  image  of  the 
planet  be  brought  into  contact  with  the  moon  as 
seen  with  the  other  eye,  the  one  eye  looking  at 
the  moon,  and  the  other  viewing  the  magnified 
linage  of  Jupiter  through  tlie  telescope  when 
brought  into  apparent  contact  with  the  moon; 
then  it  will  be  perceived  that  with  a  magnifying 
power  of  50  the  image  of  Jupiter  will  completely 
cover  the  moon  as  seen  by  the  naked  eye;  and 
with  a  power  of  200 — when  tl:e  moon  is  made  to 
appear  in  the  center  of  the  magnified  image  of 
the  planet — it  will  be  seen  that  Jupiter  forms  a 
large  and  broad  circle  around  the  moon,  appear- 
ing at  least  five  times  greater  than  the  diameter 
of  the  moon.  This  e.vperiment  may  be  varied 
as  follows  :  Suppose  a  person  to  view  the  moon 
through  a  small  telescope  or  opera-glass  magnify- 
ing three  times,  he  will  be  apt  to  imagine,  at  first 
sight,  that  she  is  not  in  the  least  magnified,  but 
rather  somewhat  diminished;  but  let  him  bring 
the  image  as  seen  in  the  telescope  in  contact  with 
the  moon  as  seen  with  the  naked  ca'c,  and  he  will 
plainly  perceive  the  magnifying  power  by  the  size 
of  the  image.  It  may  be  difiicult,  in  the  first  in- 
stance, to  look  at  the  same  time  at  the  magnified 
image  and  the  real  object,  but  a  few  trials  will 
render  it  easy 
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PREFACE. 


The  following  work  is  chiefly  designed  for  juvenile  readers,  and  for  those  who  have 
hitherto  acquired  but  a  slender  acquaintance  with  the  general  facts  of  astrononrical 
science.  "With  this  view,  the  attention  of  the  reader  is,  in  the  first  place,  directed  to 
the  general  aspect  and  the  apparent  motions  of  the  heavens,  in  order  that  he  may  be 
induced  to  contemplate,  with  his  own  eyes,  the  apparent  movements  of  the  celestial 
vault,  in  all  its  variety  of  aspects,  as  beheld  in  different  countries  and  at  difi'erent 
seasons  of  the  year.  Without  such  observationB,  the  student  of  astronomy  can 
never  acquire  a  clear  and  accurate  view  of  the  economy  of  the  solar  system,  and  the 
phenomena  it  presents;  and,  therefore,  such  personal  observations  are  particularly 
recommended  to  all  the  lovers  of  astronomical  science. 

This  work  is  a  different  one  from  "  Celestial  Scenery,"  though  in  some  points  there 
must  necessarilj'  be  a  certain  coincidence.  The  statements  of  the  distances,  magni- 
tudes, and  general  appearances  of  the  planets,  must  necessarily  be  the  same  in  both ; 
but  the  particular  descriptions,  remarks,  and  moral  and  religious  reflections,  are  different, 
A  great  variety  of  subjects  likewise  is  introduced,  which  are  not  noticed  in  "  Celestial 
Scenery,"  such  as  the  following : — the  figure  of  the  Earth — view  of  its  surface,  atmo- 
sphere, and  the  method  of  finding  its  dimensions — celestial  phenomena  arising  from 
the  annual  motion  of  the  earth — the  destination  of  the  earth,  and  the  final  cause  of  its 
creation — motions  and  aspects  of  the  superior  planets — general  remarks  on  the  solar 
system — method  of  acquiring  an  approximate  idea  of  a  million  of  units — the  doctrine 
of  Eclipses,  with  tables  and  descriptions  of  the  most  remarkable  eclipses  of  the  sun 
and  moon — descriptions  of  the  seasons  of  the  year,  and  their  characteristics  in  diffe- 
rent countries — Reflections,  moral  and  religious — history  of  astronomy — explanation 
of  astronomical  terms,  &c.  On  these  and  various  other  topics,  a  considerable  variety 
of  interesting  facts  and  sketches  will  be  found  more  or  less  illustrated. 

One  great  object,  which  the  author  has  uniformly  kept  in  view,  has  been  to  lead  the 
minds  of  the  young  from  the  creature  to  the  Creator,  and  to  direct  them  to  contem- 
plate his  attributes  as  displayed  in  the  motions,  magnitudes,  and  mechanism  of  the 
heaveng,  and  to  render  their  views  of  creation  subservient  to  their  moral  and  spiritual 
improvement,  and  to  their  preparation  for  a  higher  sphere  of  existence — an  object 
which  should  always  be  kept  in  view  in  our  contemplation  of  the  works  of  God. 
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SOLAR    SYSTEM 


INTRODUCTION. 


Of  all  the  sciences  which  are  the  subject  of 
human  study  and  investigation,  Astronomy  must 
be  admitted  to  be  the  most  interesting  and  sub- 
lime. It  teaches  us  the  motions,  the  magnitudes 
and  distances  of  the  heavenly  bodies — their  diver- 
sified plienomena,  the  laws  by  which  tliey  are 
directed  in  their  varied  movements,  and  the  grand 
designs  they  are  intended  to  fulfill  in  the  vast 
system  of  the  universe. 

The  objects  with  which  this  science  is  conver- 
Bant  are  so  grand  and  marvelous — surpassing 
everything  that  could  have  been  imagined  in  the 
infancy  of  science — that  they  tend  to  enlarge  the 
field  of  human  contemplation,  to  expand  to  an 
indefinite  extent  the  conceptions  of  the  human 
intellect,  and  to  arouse  the  attention  and  excite 
the  admiration  even  of  the  most  incurious  and 
uncultivated  minds.  The  vast  magnitude  of  the 
heavenly  bodies,  so  far  surpassing  what  could  be 
conceived  by  their  appearance  to  the  unassisted 
eye  ;  their  incalculable  numbers  ;  the  immense 
velocity  of  their  motions,  and  the  astonishing 
forces  with  which  they  are  impelled  in  their 
career  through  the  heavens;  the  attractive  influ- 
ence they  exert  upon  each  other,  at  the  distance 
of  hundreds  of  millions  of  miles;  and  the  impor- 
tant ends  they  are  destined  to  accomplish  in  the 
universal  empire  of  Jehovah;  present  to  the  hu- 
man imagination  a  scene,  and  a  subject  of  con- 
templation, on  which  the  soul  of  man  might 
expatiate  with  increasing  wonder  and  delight, 
during  an  indefinite  series  of  ages. 

Even  to  a  common  observer,  the  heavens  pre- 
sent a  sublime  and  elevating  spectacle.  He  be- 
hoias  an  immense  concave  hemisphere  of  un- 
known dimensions,  surrounding  the  earth  in 
every  region,  and  resting  as  it  were  upon  the 
circle  of  the  horizon.  From  every  quarter  of 
this  vast  expanse — when  the  shades  of  night  have 
spread  over  the  earth — he  beholds  numerous 
lights  displayed,  proceeding  onward  in  solemn 
silence,  varying  their  aspects  at  different  seasons, 
moving  with  different  degrees  of  velocity,  shin- 
ing with  different  degrees  of  splendor,  and  all 
calculated  to  inspire  admiration  and  awe.  Where- 
ever  he  travels  abroad,  either  on  the  surface  of  the 
land  or  of  the  ocean,  this  celestial  vault  still  appears 
encompassing  this  lower  world;  and,  after  travel- 
ing thousands  of  miles,  it  appears  still  the  same, 
and  seems  to  make  no  nearer  an  approach  than 
when  the  journey  commenced.  While  contem- 
plating this  wonderful  expanse  with  the  eye  of 
reason  and  imagination,  the  mind  is  naturally  led 
into  a  boundless  train  of  speculations  and  in- 
quiries. Where  do  these  mighty  heavens  begin, 
and  where  do  they  end?  Can  imagination  fathom 
their  depth,  or  human  calculations,  or  figures, 
express  tlieir  extent  ?     Have   the  highest  created 


beings  ever  winged  their  flight  ac^'oss  the  bound- 
aries of  the  firmament?  Can  angels  measure  the 
dimensions  of  those  heavens,  or  explore  them 
throughout  all  their  departments?  Is  there  a 
boundary  to  creation  beyond  which  the  energies 
of  Omnipotence  are  unknown,  or  does  it  extend 
throughout  the  infinity  of  space  ?  Is  the  im- 
mense fabric  of  the  universe  yet  completed,  or  is 
Almighty  Power  still  operating  throughout  the 
boundless  dimensions  of  space,  and  new  creations 
still  starting  into  existence? 

Such  viewfs  and  inquiries  have  a  tendency  to 
lead  the  mind  to  sublime  and  interesting  trains 
of  thought  and  reflection,  and  to  afford  scope  for 
the  noblest  energies  and  investigations  of  the 
human  intellect.  A  serious  contemplation  of  th» 
heavens  opens  to  the  mental  eye  a  glimpse  of  orb.-* 
of  inconceivable  magnitude  and  grandeur,  and 
arranged  in  multitudes  which  no  man  can  num- 
ber, which  have  diffused  their  radiance  on  our 
world  during  hundreds  of  generations.  It  opens 
a  vista  whicli  carries  our  views  into  the  regions 
of  infinity,  and  exhibits  a  sensible  display  of  the 
immensity  of  space,  and  of  the  boundless  operd- 
tions  of  Omnipotence:  it  demonstrates  the  exist- 
ence of  an  eternal  and  incomprehensible  Divinity, 
who  presides  in  all  the  grandeur  of  his  attributes 
over  an  unlimited  empire.  Amidst  the  silence 
and  the  solitude  of  the  midnight  scene,  it  inspires 
the  soul  with  a  solemn  awe,  and  with  reverential 
emotions  ;  it  excites  astonishment,  admiration, 
and  wonder,  and  has  a  tendency  to  enkindle  the 
fire  of  devotion,  and  to  raise  the  affections  to  that 
ineffable  Being  who  presides  in  high  authority 
over  all  the  movements  of  the  universe.  It 
teaches  us  the  littleness  of  man,  the  folly  of  pride 
and  ambition,  and  of  all  that  earthly  pomp  and 
splendor  with  which  mortals  are  so  enamored 
— and  that  our  thoughts  and  affections  ought  to 
soar  above  all  the  sinful  pursuits,  and  transitory 
enjoyments,  of  this  sublunary  scene. 

Such  being  the  views  and  the  tendencies  of  this 
science,  it  ought  to  be  considered  as  bearing  an 
intimate  relation  to  religion,  and  worthy  the 
study  of  every  enlightened  Christian.  It  has 
been  said,  and  justly,  by  a  celebrated  poet,  that 
"  An  undevout  astronomer  is  mad."  The  evi- 
dence of  a  self-existent  and  eternal  Being,  whose 
wisdom  is  inscrutable,  and  whose  power  is  un- 
controllable, is  so  palpably  manifested  in  the 
arrangement  and  the  motions  of  the  celestial  orbs, 
that  it  cannot  but  make  an  indelible  impression 
on  every  rational  and  reflecting  mind.  Though 
the  heavenly  bodies  have  "  no  speech  nor  lan- 
guage," though  they  move  round  the  earth  in 
silent  grandeur,  and  "their  voice  is  not  heard" 
in  articulate  sounds,  yet  "  their  line  is  gone 
throuffhout  all  t.he  earth,  and  their  words  to  the 
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end  of  the  world" — proclaiming  to  every  atten- 
tive spectator,  that  "  The  hand  that  made  them  is 
Divine."  So  that  there  is  scarcely  a  tribe  or 
nation  on  the  face  of  the  earth,  so  inattentive 
and  barbarous  as  not  to  have  deduced  this  con- 
clusion from  a  survey  of  the  movements  of  the 
celestial  orbs.  "Men,"  says  Plato,  "began  to 
acknowledge  a  Deity,  when  they  saw  the  stars 
maintain  so  great  a  harmony,  and  the  days  and 
nights  throughout  all  the  year,  both  in  summer 
and  winter,  to  observe  their  stated  risings  and 
settings."  Another  heathen  philosopher,  Cicero, 
thus  expresses  his  sentiments  on  this  point:  "What 
can  be  so  plain  and  clear  as,  when  we  behold 
the  heavens,  and  view  the  celestial  bodies,  that 
we  should  conclude  there  is  some  Deity  of  a 
most  excellent  mind  by  whom  these  things  are 
governed — a  present  and  Almighty^God.  Which, 
he  that  doubts  of,  I  do  not  understand  why 
he  should  not  as  well  doubt  whether  there 
be  a  sun  that  shines,  and  enlightens  the  world." 

The  sacred  Scriptures,  in  numerous  instances, 
direct  our  attention  to  this  subject.  "  The  hea- 
vens," says  the  Psalmist,  "  declare  the  glory  of 
God  ; "  that  is,  they  manifest  his  wisdom  and 
power,  and  beneficence  to  the  inhabitants  of  the 
world; — "  the  firmament  showeth  forth,"  or  pub- 
licly declareth,  "  his  handiwork."  "  Day  unto 
day  uttereth  speech,  and  night  unto  night  showeth 
knowledge.  There  is  no  speech  nor  language 
where  their  voice  is  not  heard."  In  reference  to 
that  department  of  creation  which  astronomy 
explores,  it  may  be  said  with  peculiar  propriety, 
in  the  language  of  Scripture,  "The  works  of  the 
Lord  are  great,  sought  out  of  all  them  that  have 
pleasure  therein."  Throughout  the  volume  of 
inspiration,  our  attention  is  frequently  directed  to 
the  contemplation  of  the  heavens:  "Lift  up  thine 
eyes  on  high,  and  behold  who  hath  created  these 
things. — The  everlasting  God,  the  Lord,  the  Crea- 
tor of  the  ends  of  the  earth,  who  fainteth  not, 
neither  is  weary;  there  is  no  searching  of  his 
understanding. — He  bringeth  out  their  host  by 
number,  and  calleth  them  all  by  names:  by  the 
greatness  of  his  might,  for  that  he  is  strong  in 
power;  not  one  faileth. — It  is  he  that  sitteth  upon 
the  circle  of  the  earth,  and  the  inhabitants  there- 
of are  as  grasshoppers. — All  nations  before  him 
are  as  nothing;  and  they  are  counted  to  him  less 
than  nothing,  and  vanity." — "  Hearken  unto  this, 
0  Job :  stand  still,  and  consider  the  wondrous 
works  of  God." 

Hence  it  appears,  that  it  is  not  to  be  considered 
merely  as  a  matter  of  taste,  or  as  a  rational 
amusement,  but  as  an  imperative  duty,  to  con- 
template the  works  of  the  Most  High,  and  espe- 
cially the  manifestations  of  his  power  and  God- 
head which  the  heavens  display — that  we  may 
derive  more  enlarged  conceptions  of  his  glorious 
attributes,  and  be  enabled  to  render  to  him  that 
tribute  of  adoration  and  praise  which  is  due  to 
his  name.    For  it  is  represented  as  one   of  the 


characteristics  of  the  ungodly,that  while  "the  har^ 
and  the  viol,  and  the  tabret,  and  pipe,  and  wine 
are  in  their  feasts, — they  regard  not  the  work  of 
the  Lord,  neither  consider  the  operation  of  his 
hands;"  and  consequently  "  he  will  destroy  them, 
and  not  build  them  up."  It  is  therefore  the  in- 
cumbent duty  of  the  young;  of  every  professing 
i Christian;  and  of  every  rational  inquirer,  not 
only  to  study  the  facts,  doctrines,  and  duties 
exhibited  in  the  system  of  Divine  revelation,  but 
also  to  contemplate  the  manifestations  of  the 
Creator  as  exhibited  in  the  system  cf  creation. 
They  are  both  revelations  of  the  same  almighty 
and  beneficent  Being  —  emanations  from  the 
same  adorable  Divinity;  and  the  views  and  in- 
structions they  respectively  unfold,  when  studied 
with  reverence  and  intelligence,  are  in  perfect 
harmony  with  each  other.  The  study  of  both 
combined,  is  calculated  to  make  the  man  of  God 
perfect,  and  "  thoroughly  furnished  unto  aU  good 
works." 

In  the  following  small  volume,  it  shall  be  our 
endeavor  to  direct  the  general  reader  in  the  study 
of  some  of  those  objects  which  the  heavens  unfold; 
and  we  shall  chiefly  select  those  parts  of  astronomi- 
cal science  which  are  most  level  to  the  compre- 
hension of  those  who  have  had  little  opportunity 
of  engaging  in  scientific  pursuits.  In  the  pre- 
sent volume,  it  is  proposed  to  confine  ourselves 
chiefly  to  a  description  of  the  Solar  System,  and 
the  phenomena  it  exhibits,  together  with  a  few 
instructions  as  to  the  best  mode  of  contemplating 
the  apparent  motions  and  the  diversified  aspects 
of  the  firmament.  The  discoveries  which  relate 
to  the  sidereal  heavens — the  general  arrange- 
ment of  the  fixed  stars,  their  distances  and 
magnitudes — the  facts  which  have  been  dis- 
covered respecting  new  stars  —  variable  stars — 
double  and  triple  stars — the  Milky  Way — the 
different  orders  of  the  nebulte — and  a  variety  of 
other  topics  connected  with  such  objects,  will  form 
materials  for  anotlier  volume  similar  to  the  present. 

In  the  meantime  we  may  just  remark,  that  all 
the  wonders  we  behold,  both  in  the  heavens  above, 
and  in  the  earth  below,  demand  our  serious  atten- 
tion and  devout  contemplation.  They  are  all  the 
workmanship  of  that  great  and  adorable  Being  in 
whom  "we  live  and  move;"  who  at  first  "spake, 
and  it  was  done;"  who  gave  the  command,  and 
the  whole  of  this  stately  fabric  of  heaven  and 
earth  started  into  being.  It  is  the  same  God  who 
created  the  planets  and  the  host  of  stars,  and  that 
conducts  them  in  all  their  rapid  motions;  who  is 
also  "  the  God  and  P'ather  of  our  Lord  Jesus 
Christ,"  and  "the  Author  of  eternal  salvation" 
to  all  who  obey  him.  All  these  works  display 
his  infinite  power,  his  unerring  wisdom,  and  the 
riches  of  his  beneficence;  and  demand  from  every 
beholder  that  tribute  of  praise,  reverence,  and 
adoration  which  is  due  to  Him  "who  created  ail 
things,  and  for  whose  pleasure  they  ai'e  and  were 
created." 


CHAPTER   I. 

ON  THE  GENERAL  ASPECT,  AND  THE  APPARENT  MOTIONS  OF  THE  HEAVENS. 


Previous  to  entering  on  the  study  of  astrono- 
mical science,  and  the  phenomena  of  th^  solar 
system,  it  is  requisite  that  the  young  inquirer 
should  be  directed  to  contemplate  the  general 
aspect  of  the  heavens,  and  the  apparent  motions 
of  the  different  bodies  vi^hich  present  themselves 
to  view  in  the  regions  of  the  firmament.  No  one 
can  enter  with  intelligence  on  the  study  of  astro- 
nomy, or  acquire  an  accurate  idea  of  its  ele- 
mentary principles,  and  of  the  arrangement  and 
motions  of  the  planetary  bodies,  unless  he  has 
been  led  to  observe,  with  his  own  eyes,  the  ap- 
parent and  more  obvious  phenomena  and  aspects 
of  the  celestial  orbs,  as  they  present  themselves 
to  the  view  of  any  common  and  attentive  specta- 
tor. For  although  the  real  motions  of  the  hea- 
venly bodies  are,  in  many  instances,  very  different 
from  their  apparent  movements,  and  although 
many  of  them  appear  to  move  while  they  are 
absolutely  at  rest,  yet  it  is  necessary  that  their 
apparent  motions  and  appearances  should  be  accu- 
rately inspected,  in  order  that,  in  the  progress  of 
investigation,  we  may  be  enabled  to  determine 
what  bodies  are  really  in  motion,  and  what  only 
appear  to  be  in  motion,  in  consequence  of  the 
motions  of  other  bodies.  In  order  to  direct  the 
untutored  observer  on  this  point,  the  following 
observations  are  stated. 


SECTION    I. 
On  the  apparent  motions  of  the  heavens  during 

THE   DAY. 

In  the  first  place,  let  us  consider  the  appearance 
of  the  heavens  as  seen  in  the  day-time.  Some- 
times it  happens  for  days,  and  even  for  weeks 
together,  that  the  sky  is  overcast  with  an  assem- 
blage of  sable  clouds  covering  the  whole  face  of 
the  firmament.  In  which  case  no  celestial  orb 
makes  its  appearance;  but  the  light  transmitted 
through  the  clouds  and  reflected  from  tiieir  under 
surfaces,  indicates  that  some  luminous  orb,  the 
fountain  of  light,  is  above  our  horizon,  and  far 
beyond  the  upper  region  of  the  clouds,  though  its 
form  and  splendor  cannot  be  perceived.  At  other 
times  the  concave  of  the  sky  appears  of  an  azure 
color,  where  scarcely  a  speck  of  cloud  is  to  be 
seen — like  a  boundless  desert,  where  no  celestial 
orb  makes  its  appearance — as  at  the  dawning  of 
the  morning,  when  the  aurora  makes  its  appear- 
ance in  the  east.  This  faint  light  gradually  in- 
creases, rising  higher  and  higher  in  its  brightness, 
a  prelude  of  something  still  more  grand  and  reful- 
gent. The  clouds  near  the  horizon  are  tinged 
with  purple  and  vermilion,  and  the  mountain 
tops  are  clothed  with  brightness.  At  length,  the 
f'isc  of  the  sun  disengages  its°lf  from  the  hnrizoti 
by  di^greps,  until  the  whole  of  his  orb  a;>i)'»ars  to  ' 
view,  and  ascends  the  heavens  w'th  majestic  gran- 
deur. The  sun  is  the  only  object  wliich,  during  I 
the  day,  appears  conspicuous  to  the  naked  pye;l 


for  although  the  moon  is  frequently  visible  in  the 
day-time,  yet  she  then  appears  with  no  greater 
brilliancy  than  a  small  cloud  of  the  same  size, 
and  is  scarcely  noticed  by  a  common  observer. 

The  apparent  movements  of  the  sun  appear 
very  different  at  different  seasons  of  the  year,  and 
in  different  regions  of  the  globe.  In  describing 
these  apparent  motions,  we  shall  suppose  our- 
selves, in  the  first  instance,  in  the  latitude  of  fifty- 
two  degrees  north,  which  is  nearly  the  latitude  of 
London  and  several  other  large  towns  in  England. 
The  sun's  apparent  motions  in  this  latitude  will 
be  nearly  the  same  as  when  he  is  viewed  frora 
Holland,  Denmark,  Scotland,  Nova  Scotia,  Cana- 
da, and  the  northern  states  of  America.  Suppose 
we  begin  our  observations  in  winter,  about  the 
21st  December,  when  the  days  in  our  northern 
hemisphere  are  shortest.  In  this  case,  turning 
our  eyes  to  the  south-east  quarter  of  the  sky,  a 
littla  after  eight  o'clock  in  the  morning,  we  shall 
see  the  sun  rising  nearly  on  the  south-eastern 
point  of  the  compass,  and  gradually  ascending 
the  celestial  vault.  In  about  four  hours,  he  comes 
to  the  meridian,  or  due  south,  the  highest  point  of 
his  elevation  at  tliat  season;  after  which  he  grad- 
ually di'scends  toward  the  west,  and  sets  in  the 
south-western  part  of  the  heavens,  about  four  in 
the  afternoon,  having  described  a  comparatively 
small  arc  of  a  circle  above  the  horizon.  At  this 
time,  when  he  arrives  at  the  meridian,  or  the 
highest  point  of  his  diurnal  course,  he  is  only 
about  fourteen  degrees  above  the  horizon.*  If,  after 
this  period,  the  point  at  which  the  sun  rises  be 
observed,  it  will  he  found  a  little  to  the  northward 
everyday,  from  the  point  at  which  he  rose  before. 
On  the  21st  of  March,  the  sun  rises  due  east, 
about  forty-five  degrees  to  the  north  of  the  point 
at  which  he  rose  on  the  21st  of  December.  The 
time  of  his  rising  is  exactly  six  in  the  morning; 
six  hours  afterward,  he  passes  the  meridian,  at  an 
elevation  of  thirty-eight  degrees;  and  sets  due 
west,  at  six  o'clock  in  the  evening.  At  this  time, 
the  day  and  the  night  are  of  an  equal  length, 
namely,  twelve  hours  each. 

If  agfiin  we  view  the  rising  sun  on  the  21st  of 
June,  we  shall  find  that  he  rises  near  the  north- 
east, forty -five  degrees  farther  to  the  northward 
than  ou  the  21st  of  March.  At  this  period,  the 
sun  describes  a  large  circuit  around  the  heavens; 
rising  fifteen  minutes  before  four  in  the  morning, 
and  advancing  to  an  elevation  of  more  than  sixty 
degrees  at  noon-day;  after  which  he  declines 
toward   the    west  and   sets  near   the  north-v/est 


*  The  circumference  of  the  heavens,  as  well  as  that  of  the 
earth,  is  divided  by  astronomers  into  three  hundred  and 
sixty  ports  called  degrees;  consequently,  the  distance  from 
the  horizon  to  the  zenith,  or  the  point  directly  3t>f>ve  onr 
heads,  is  ninety  degrees,  or  the  one-fourth  of  the  circum- 
fprenrx"  of  a  circle.  When,  therefore,  the  sun  is  said  to 
be  elevated  above  the  horizon  fourteen  iU-:.'rfe»-,  it  mcKn.-, 
that  lie  has  ri<en  to  an  -Hltilnde  little  more  than  tlie  one- 
sixth  part  of  the  distance  from  the  hori/.on  to  the  zet:ith. 
The  apparent  hieadth  "f  the  son  or  moon  is  a  very  liltie 
more  than  half  a  Je^'tee. 
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quarter  of  the  heavens,  about  a  quarter  past  eight 
in  the  evening  The  length  of  the  day,  at  this 
time,  is  about  sixteen  and  a  half  hours;  and  as 
his  course  during  the  night  is  not  far  below  the 
horizon,  there  is  no  absolute  darkness  during  the 
absence  of  the  sun;  and  his  course  may  be  traced 
by  observing  the  motion  of  the  twilight,  or  the 
aurora,  gradually  proceeding  to  the  northern  point 
of  the  lieavens,  and  from  that  point  to  the  north- 
east, wliere  the  solar  orb  again  emerges  from  the 
horizon.  After  this  period,  the  sun  begins,  every 
succeeding  day,  to  rise  in  points  nearer  the  sontli, 
and  to  take  less  extensive  circuits  round  the  hea- 
vens, until  the  23d  of  September,  when  he  again 
rises  on  the  eastern  point  of  the  horizon,  and  sets 
in  the  west,  which  is  the  time  of  the  autumnal 
equinox,  when  day  and  night  are  equal.  From 
this  period  the  sun  gradually  verges  to  points  of 
tiie  horizon  south  of  the  east,  at  the  time  of  his 
rising,  and  the  days  rapidly  shorten,  until  he  again 
arrives  near  the  south-eastern  quarter  of  the 
heavens,  where  he  is  seen  to  rise  on  the  21st  of 
December.  Such  are  some  of  the  apparent  mo- 
tions of  the  sun,  in  our  quarter  of  the  globe, 
throughout  the  different  seasons  of  the  year;  and 
every  one  who  resides  in  the  country  has  an  op- 
portunity, every  clear  day,  of  observing  these 
diversified  movements. 

Beside  the  motions  to  which  we  have  now  ad- 
verted, there  is  another  apparent  motion  of  the 
sun,  in  a  contrary  direction,  which  is  seldom  no- 
ticed by  a  common  observer.  Every  day  the  sun 
has  an  apparent  motion  from  west  to  east,  at  the 
rate  of  nearly  a  degree  each  day;  and  in  the 
course  of  a  year,  or  365  days,  5h.  48m.,  and  5ls., 
he  makes  a  complete  circuit  around  the  heavens. 
This  motion  manifests  itself  chiefly  by  the  appear- 
ance of  the  heavens  during  the  night.  If,  in  the 
morning,  some  time  before  sunrise,  we  view  those 
stars  wliich  are  near  the  point  of  the  horizon 
where  the  sun  rises,  in  a  week  or  two,  we  shall 
find  that  the  same  stars  are  more  elevated  near 
the  time  of  sun-rising  than  before,  and  farther 
distant  from  him,  indicating  that  he  is  moving 
through  the  heavens  toward  the  east,  and  leaving 
these  stars  as  it  were  behind  him.  If,  again,  in 
the  evening,  we  mark  those  stars  which  are  a 
little  above  the  point  of  the  setting  sun,  we  shall 
find  that  every  evening  they  make  a  nearer  ap- 
proach to  the  place  where  the  sun  goes  down; 
until,  after  a  short  period,  they  approach  so  near 
this  luminary  as  to  be  overpowered  with  his  ravs, 
and  can  no  longer  be  seen,  still  indicating  that 
the  sun  is  approaching  toward  the  east. 

Perhaps  the  best  way  of  tracing  this  is  to  mark 
the  different  positions  of  the  Pleindes,  or  seven 
stars,  with  respect  to  the  sun.  About  the  middle 
of  January,  at  eight  o'clock  in  the  evening,  the 
seven  stars  are  seen  nearly  on  the  meridian,  which 
observation  should  be  noted  down  for  the  purpose 
of  being  compared  with  future  observ'ations.  On 
the  1st  of  March,  at  the  same  hour,  these  stars 
will  be  seen  nearly  halfway  between  the  meridian 
and  the  western  horizon,  vi^hile  all  the  other  stars, 
at  the  same  elevation,  will  be  found  to  have  made 
a  similar  progress.  About  the  I5th  of  April,  they 
will  be  seen,  at  the  same  hour,  very  near  the 
north-western  horizow;  and  ever}'  day  after  this, 
they  will  appear  to  make  a  nearer  approach  to  that 
part  of  the  lieavens  in  which  the  sun  appears,  until, 
being  overpowered  by  the  splendor  of  his  rays, 
they  cease  to  be  visible.  From  these  and  similar 
observations,  it  will  be  easily  perceived  that  the 
sun  has  an  apparent  motion  through  the  circle  of 
the  heavens,  and  that  the  revolution  is  completed  I 
cu  the  course  of  a  rear.     The   circle  which   the  i 


sun  thus  describes  is  called  the  Ecliptic,  and  ia 
divided  into  twelve  signs,  and  three  hundred  and 
sixty  degrees. 

The  apparent  motions  of  the  sun  appear  some- 
what different,  when  viewed  from  different  regions 
of  the  earth.  Were  we  placed  in  countries  un- 
der the  equator,  such  as  at  Borneo,  Sumatra,  the 
Gallipago  isles,  Quito,  and  other  parts  of  South 
America,  the  sun  at  noon  would  shine  directly 
from  the  zenith,  at  the  time  of  the  equinoxes,  at 
which  time  objects  would  have  no  shadows.  At 
all  other  times  the  sun  will  appear  either  in  the 
northern  or  the  southern  quarter  of  the  heavens. 
During  the  one  half  of  the  year,  he  shines  from 
the  north,  and  the  shadows  of  objects  fall  to  the 
south:  during  the  other  half,  he  shines  from  the 
south,  and  the  shadows  of  objects  are  projected  to 
the  north;  a  circumstance  wliich  can  never  oc- 
cur in  our  country,  or  in  any  part  of  the  tempe- 
rate zones.  At  the  equator,  too,  there  is  a  perpe- 
tual equality  of  days  and  nights  throughout  the 
year;  the  twilight  is  shortest,  and  the  darkness 
of  night  rapidly  succeeds  the  setting  of  the  sun 

Were  we  placed  in  southern  latitudes.— for  ex- 
ample, at  the  Cape  of  Good  Hope,  New  South 
Wales,  or  Buenos  Ay  res,  in  South  America — in- 
stead of  beholding  the  sun  moving  along  the 
southern  part  of  the  heavens,  from  the  left  hand 
to  the  right,  as  in  our  country,  we  should  see  him 
directing  his  course  along  the  northern  part  of 
the  sky,  from  the  right  hand  to  the  left.  In  other 
respects,  his  apparent  motions  would  nearly  re- 
semble those  already  di>scribed,  excepting  that 
when  the  sun  is  highest  at  mid-day  to  us,  he  ap- 
pears lowest  to  the  inhabitants  of  these  countries; 
their  winter  happening  at  the  time  of  our  sum- 
mer. Were  we  placed  in  Lapland,  Greenland,  or 
other  countries  within  the  polar  circle,  the  sun,  in 
winter,  would  be  absent  for  weeks  and  even  for 
months  together;  and  in  summer  he  would  shine 
without  intermission  for  a  corresponding  portion 
of  time;  appearing  every  day  to  make  a  complete 
circle  round  the  heavens,  but  never  descending 
below  the  horizon  during  the  lapse  of  six  weeks 
or  even  three  or  four  months.  Could  we  suppose 
ourselves  placed  at  the  north  pole,  the  motion  of 
the  sun  would  present  a  different  aspect  from  any 
of  those  now  described.  On  the  2lst  of  March, 
we  should  see  a  portion  of  the  sun's  disc  appear 
in  the  horizon  after  a  long  night  of  six  months. 
This  portion  of  the  sun  would  appear  to  move 
quite  round  the  horizon  every  twenty-four  hours; 
it  would  gradually  rise  higher  and  higher  until  the 
whole  orb  of  the  sun  made  its  appearance.  As 
the  season  advanced  the  sun  would  appear  to  Tise 
higher  and  higher,  until  on  the  21st  of  June,  he  at- 
tained the  altitude  of  twenty-three  and  a  half  de- 
grees above  the  horizon;  after  which  his  altitude 
would  gradually  decline  until  the  23d  of  September, 
when  he  would  again  appear  in  the  horizon.  Du- 
ring the  whole  of  this  period  of  six  months,  there 
is  perpetual  day;  the  stars  are  never  seen,  and  the 
sun  appears  to  go  quite  round  the  heavens  every 
twenty-four  hours  without  setting,  in  circles  near- 
ly parallel  with  the  horizon. 

Such  are  some  of  the  motions  and  aspects  of 
the  sun,  as  viewed  at  different  seasons  of  the  year, 
and  from  different  parts  of  the  earth.  Let  it  bo 
carefully  remembered  that  these  motions  are  not 
real,  but  only  apparent.  While  presenting  all 
these  diversified  aspects  and  movements  to  specta- 
tors placed  in  different  positions,  it  can  be  proved 
that  the  sun  is,  notwithstanding,  a  quiescent  body 
in  the  center  of  the  planetary  system.  By  the  r<>- 
tation  of  the  earth  round  its  axis  from  west  to 
east  every  twenty-four  hours,  and  by  its  revoluU-<n 
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round  the  sun  every  year,  all  the  apparent  mo- 
tions we  have  hitherto  described  are  produced, 
and  completely  accounted  for,  as  we  shall  after- 
ward show,  when  we  come  to  illustrate  the  evi- 
dences which  prove  that  the  earth  on  which  we 
dwell  is  a  moving  body. 

When  we  view  the  sun  pursuing  his  course 
through  the  heavens  in  a  clear  and  serene  sky, 
we  are  apt  to  imagine  that  there  are  no  other  ce- 
lestial bodies  diffusing  their  rays  above  our  hori- 
zon. This,  however,  is  far  from  being  the  case. 
In  the  full  blaze  of  day,  there  are  as  many  stars, 
at  an  average,  around  us  in  the  firmament,  as  are 
beheld  in  a  clear  sky  at  the  hour  of  midnight;  but 
their  liglit  is  overpowered  by  the  more  brilliant 
splendor  of  the  sun.  By  means  of  equatorial  te- 
lescopes, which  can  be  made  to  point  to  any  par- 
ticular part  of  the  heavens,  all  the  larger  stars  of 
the  firmament  may  be  seen  even  at  noonday,  while 
the  sun  is  shining  in  all  his  splendor;  nay,  there 
is  scarcely  a  star  visible  to  the  naked  eye,  during 
night,  but  may  be  seen  in  this  way  during  the 
blaze  of  day,  and  its  exact  position  in  the  heavens 
pointed  out.  During  a  total  eclipse  of  the  sun, 
when  the  moon  interposes  her  dark  body  between 
us  and  the  sun,  some  of  the  planets  and  the  larger 
stars  have  appeared  as  distinctly  as  at  midnight; 
but  the  moment  the  moon  has  peussed  a  little  over 
the  disc  of  the  sun,  and  a  glimpse  of  his  beams  has 
ehone  out,  their  feeble  light  becomes  undistin- 
guishable,  and  they  are  no  longer  perceived. 
Sometimes,  too,  it  happens  that  stars  have  been 
seen  from  the  bottom  of  deep  wells  and  mines, 
when  large  ones  happen  to  pass  near  the  zenith 
during  the  day,  and  the  planet  Venus,  when  bright- 
est, has  frequently  been  seen  with  the  naked  eye, 
in  the  day-time  when  at  no  great  distance  from  the 
BUn.  Thus  it  appears  that  the  sun  passes  through 
the  heavens  every  day  with  stars  all  around  him, 
although  invisible  to  the  unassisted  eye — just  as 
the  moon,  during  night,  is  seen  surrounded  with 
stars,  which  the  faintness  of  her  light  is  not  suf- 
ficient to  overpower.*  Hence  it  happens  that 
astronomers  can  trace  the  exact  path  of  the  sun 
among  the  stars  every  day,  during  his  apparent 
annual  circuit  round  the  heavens.  They  can  tell 
what  stars  are  near  and  around  the  sun;  what 
clusters  he  is  leaving  behind  him,  to  what  other 
clusters  he  is  approaching;  what  stars  or  planets 
are  near  his  margin,  and  what  stars  are  behind 
his  luminous  globe,  with  as  much  accuracy  as  if 
they  were  all  visible  to  the  naked  eye,  as  at  mid- 
night. 


SECTION    II. 

Un  thk  apparent  motions  of  the  heavens  du- 
rinq  night. 

When  a  careless  observer,  on  a  clear  evening, 
gazes  upon  the  firmament,  he  beholds  a  number 
of  shining  points,  some  of  them  far  more  brilliant 
than  otliers,  dispersed  throughout  every  region  of 
the  sky;  but  he  cannot  tell  whether  they  appear 
to  move  or  to  remain  in  a  fixed  position;  whether 
they  shift  their  positions  with  respect  to  each 
other;  whether  they  rise  and  set;  whether  all  the 
stars  visible  at  six  o'clock  in  the  evening  are  also 


•  The  author  has  frequently  seen,  by  the  equatorial  tele, 
icope,  in  the  ilay-tirae,  not  only  numerous  stars  of  the  first, 
tecon<),  and  third  magnitudes,  in  regions  of  the  firmament 
at  a  distance  from  the  sun,  but  has  perceived  the  planet  Ve- 
ons,  when  immersed  in  the  sun's  efl'ulgence,  and  when  it 
WM  witlim  a  degiee  of  the  otaigin  of  that  luminary. 


seen  at  midnight,  or  whether  the  same  clusters 
are  to  be  seen  in  summer  as  in  winter  There 
are  thousands  and  millions  of  mankind  who  have 
occasionally  gazed  on  the  starry  vault  who  could 
give  no  reply  to  such  interrogations.  Such  is  the 
apathy  with  which  the  most  wonderful  works  of 
God  are  viewed  by  the  great  bulk  of  mankind; 
although  only  a  few  days  or  hours  of  serious  ob- 
servation would  be  sufficient  to  solve  some  of  the 
questions  to  which  we  allude. 

In  order  to  illustrate  the  apparent  motions  of  the 
heavens,  let  us  suppose  ourselves  placed  in  a  situa- 
tion which  commands  an  extensive  view  of  the 
sky,  about  the  beginning  of  January,  at  eight  o'clock 
in  the  evening.  At  this  period,  on  a  serene  even- 
ing, when  the  sky  is  destitute  of  clouds,  a  sublime 
and  beautiful  spectacle  presents  itself  to  view,  as 
some  of  the  most  brilliant  constellations  are  then 
above  the  horizon.  We  behold  a  vast  hemisphere 
expanding  over  our  heads,  whose  center  we  seem 
to  occupy,  and  which  appears  to  rest  upon  our 
horizon.  Above  and  around  us,  on  every  hand, 
a  multitude  of  brilliant  orbs,  of  various  degrees 
of  splendor,  display  their  radiance.  But  whether 
they  are  in  motion  or  at  rest,  does  not  appear  at 
the  first  glance.  We  must  make  different  obser- 
vations, and  wait  for  some  time  until  their  motion, 
or  rest,  be  discovered.  To  ascertain  this  point,  let 
us  fix  on  a  particular  star,  or  a  cluster  of  stars, 
and  bring  it  in  contact  with  a  church  spire,  a 
chimney  top,  the  twig  of  a  tree,  or  any  elevated 
object,  and  our  line  of  vision,  and  in  a  short  time 
we  shall  find  it  has  moved  onward  to  the  west, 
while  we  have  remained  stationary  in  our  posi- 
tion. Or,  if  we  direct  a  common  telescope  to  any 
star,  and  fix  the  instrument  in  one  position,  in  a 
few  minutes  the  star  will  have  passed  from  the 
field  of  view  to  the  westward.  If  we  look  at  a 
star  near  the  horizon  in  the  west,  in  a  few  mi- 
nutes it  will  sink  beyond  the  limits  of  our  view, 
and  disappear.  If  we  mark  any  particular  star 
just  risen  above  the  eastern  horizon,  in  an  hour 
or  two  it  will  be  seen  considerably  elevated  above 
its  former  position,  and  every  minute  rising  higher 
and  higher.  If  we  look  at  any  bright  star  rising 
due  east  about  six  o'clock  in  the  evening,  at 
twelve,  midnight,  it  will  be  on  the  meridian,  or 
due  south,  at  an  elevation  of  thirty-eight  degrees, 
and  at  six  o'clock  next  mtorning,  it  will  be  seen 
setting  at  the  western  point  of  the  horizon.  In 
like  manner,  any  other  star  rising  toward  the  east, 
north-east,  or  south-east,  if  carefully  observed, 
will  be  found  to  rise  gradually  until  it  come  to 
the  meridian,  and  then  decline  in  a  western  di- 
rection, until  it  set  either  in  the  west,  north-west, 
or  south-west.  If  it  rise  in  the  north-east,  it  will 
set  in  the  north-west,  and  if  it  rise  in  the  south- 
east it  will  set  in  the  south-west;  in  the  former 
case  describing  a  larger,  and  in  the  latter,  a  lesser 
portion  of  a  circle,  in  the  sphere  of  the  heavens. 

The  following  are  some  varieties  which  may  be 
observed  in  the  apparent  motions  of  the  stars.  If 
you  look  toward  the  south,  you  will  observe  some 
stars  just  appearing  above  the  horizon,  grazing 
this  circle,  as  it  were;  but  not  rising  above  it,  and 
then  vanishing.  If  you  observe  a  group  a  little 
to  the  east  of  the  south,  you  will  find  them  rising 
above  the  horizon,  making  a  small  arch,  and  then 
going  down  a  little  to  the  west  of  the  meridian. 
If  you  mark  another  group  rising  much  farther  to 
the  east,  you  will  find  these  describing  a  much 
larger  arch,  and  takinga  much  longer  time  before 
they  go  down  to  the  westward  of  the  meridian. 
If  you  now  turn  your  face  to  the  northern  part 
of  the  sky,  you  will  find  some  stars  that  just  skim 
the  horizon,  at  certain  times,  near  the  north  point. 
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and  then  gradually  mount  up  to  the  top  of  hea- 
ven, until  they  come  nearly  over  head,  and  then 
descend,  and  again  nearly  touch  the  nortiiern 
horizon;  and  ascend  again  without  ever  disappear- 
ing, describing  a  complete  circle  above  the  hori- 
zon. Such  are  the  bright  stars  Vega,  Capella, 
and  several  others.  Other  stars  that  are  higiier 
than  these,  when  seen  near  the  northern  horizon, 
likewise  describe  complete  circles  in  the  sky, 
without  approaching  the  horizon;  and  these  cir- 
cles gradually  diminish,  until  at  last  you  arrive  at 
a  star  which  seems  scarcely  to  move  from  the 
point  where  it  is  stationed — all  the  rest  seeming 
to  circulate  around  it  as  a  center.  This  is  called 
the  Pole  Star,  which,  to  a  common  observer, 
never  seems  to  vary  its  position;  and,  in  the  lati- 
tude we  have  supposed,  is  elevated  more  than 
fifty  degrees  above  the  northern  horizon.  The 
time  occupied  by  the  stars  now  alluded  to,  in 
completing  their  circles,  is  about  twenty-four 
hours,  or,  more  accurately,  is  twenty-three  hours, 
fifty-six  minutes,  and  four  seconds,  and  they  all 
finish  their  revolutions  in  exactly  the  same  period 
of  time. 

For  the  illustration  of  what  has  been  now 
stated,  let  us  suppose  ourselves  to  be  viewing  the 
northern  quarter  of  the  heavens,  about  the  begin- 
ning of  November,  at  eight  o'clock  in  the  even- 
ing. At  this  time,  the  Great  Bear,  or  Ursa  Major, 
will  appear  near  the  lowest  part  of  its  course,  not 
far  from  the  northern  part  of  the  horizon.  I  re- 
fer to  this  constellation,  because  it  is  generally 
known,  even  to  common  observers,  and  is  some- 
times distinguished  by  the  names  of  "  the  Plough," 
andof  "Charles's  Wain."  That  part  of  the  con- 
stellation which  is  generally  recognized,  consists 
of  seven  bright  stars,  of  which  the  four  toward 
the  right  form  a  kind  of  irregular  square,  and  the 
three  stars  stretching  out  from  it  to  the  left  form 
a  kind  of  irregular  curve.  In  the  following  fig- 
ure (fig.  1),  this  constellation  is  represented  in 
four  positions. 


Immediately  above  the  letter  S,  in  the  lower 
part  of  the  figure,  are  two  stars,  forming  the  right 
side  of  the  square,  the  uppermost  of  which  is 
called  Dubbe,  and  the  lower  one  Merak.  They 
are  about  five  degrees  distant  from  each  other, 
and  are  most  frequently  known  by  the  name  of 
"the  Pointers,"  because  they  always  point  toward 
the  pole-star.  The  pole-star  is  represented  in  the 
central  part  of  the  figure;  it  is  about  twenty-nine 
degrees — or  nearly  six  times  the  distance  of  the 


two  pointers — from  Dubbe,  and  in  whatever  posi- 
tion this  constellation  may  happen  to  be,  these 
two  stars  always  point  to  the  pole-star,  which  is 
the  first  bright  star  in  a  line  with  the  pointers,  at 
the  proportional  distance  exhibited  in  the  engra- 
ving; and  by  attending  to  this  circumstance,  the 
pole-star  may  at  all  times  be  distinguished.  Such 
is  the  position  of  this  constellation  at  eight  o'clock 
in  the  evening  of  the  1st  of  November.  If  now 
we  view  this  constellation,  about  eleven  o'clock 
the  same  evening,  or  a  few  evenings  afterward, 
we  shall  find  that  it  has  moved  considerably  to- 
ward the  east,  and  to  a  higher  elevation;  and  at 
,  two  o'clock  the  next  morning,  it  will  be  seen  in 
the  position  represented  at  E,  with  the  pointers 
I  still  directed  to  the  pole-star.  At  eight  o'clock 
in  the  morning,  it  will  be  seen  at  N,  when  it 
will  appear  in  the  zenith,  with  the  pointers  point- 
ing downward  toward  the  pole.  At  two  o'clock 
in  the  afternoon,  if  it  could  then  be  seen,  it  will 
appear  as  represented  at  W,  to  the  west  of  the 
pole,  and  the  pointers  pointing  eastward  to  the 
polar  star;  and  again,  about  eight  in  the  evening 
it  will  return  nearly  to  its  former  position  at  S. 

Again,  this  constellation  appears  in  different 
positions,  at  the  same  hour,  at  different  seasons  of 
the  year.  We  have  seen  that,  in  the  beginning 
of  November,  at  eight  o'clock  in  the  evening,  it 
appears  as  represented  at  S;  in  the  beginning  of 
February,  at  the  same  hour,  it  will  appear  as  re- 
presented at  E;  in  the  beginning  of  May,  as  ex- 
hibited at  N;  and  in  the  beginning  of  August,  at 
the  same  hour,  as  represented  at  W. 

In  order  that  none  of  my  readers  may  fall  into 
any  mistakes,  from  what  has  been  now  stated,  I 
may  be  permitted  to  mention  the  following  anec- 
dote: — A  few  years  ago,  I  pointed  out  in  the 
heavens,  to  a  lady  of  my  acquaintance,  the  con- 
stellation of  the  Great  Bear,  and  showed  her  how 
she  might  mark  its  positions  at  difterent  times,  and 
its  apparent  revolution  round  the  pole-star.  About 
a  year  afterward,  she  told  me  she  had  carefully 
made  the  observations  to  which  I  had  directed 
her,  and  found  them  to  correspond  to  what  I  had 
stated.  She  appeared,  however,  to  have  paid  no 
attention  to  any  other  stars,  but  those  of  tlia 
Great  Bear;  and  on  putting  several  questions  to 
her  on  the  subject,  I  found  that  she  conceived  of 
the  motion  of  the  Great  Bear  as  if  it  had  been 
a  huge  monster  pursuing  its  way  through  the 
midst  of  the  surrounding  stars,  as  if  they  had  all 
been  at  rest,  without  apparently  shifting  their 
position — somewhat  like  a  huge  animal  pursuing 
its  way  through  a  crowd,  whilst  every  individual 
of  the  crowd  remained  nearly  in  the  sume  position. 
Now,  that  my  readers  may  not  fall  into  the  same 
mistake,  let  it  be  carefully  remembered  that  all 
the  stars  in  the  neighborhood  of  the  pole  have  the 
same  apparent  motions  and  revolutions  as  the 
Great  Bear,  all  mov;ng  in  concert,  but  some  of 
them  describing  larger,  and  others  smaller  circles, 
around  the  polar  point,  and  all  completing  their 
revolution  in  the  same  time,  namely,  in  twenty- 
four  hours. 

Having  represented  the  pole-star  in  the  center 
of  the  engraving,  to  prevent  mistakes,  it  may  be 
proper  to  mention,  that  this  star,  although,  to  a 
common  observer,  it  appears  in  a  fixed  position, 
is  not  exactly  in  the  polar  point:  it  is  at  present 
one  degree  and  thirty-two  minutes  from  the  north 
pole  of  the  heavens,  and  revolves  around  it  every 
day  in  a  circle  of  about  three  degrees  in  diameter. 
This  motion  rnay  be  perceived  by  placing  a  tele- 
scope in  a  fixed  position,  and  directing  it  to  this 
star,  when  we  shall  find  that,  after  an  hour  of 
two,  it  will  have  moved  out  of  the  field  of  fiew 
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There  is  no  star  exactly  at  the  polar  point,  and 
this  is  called  the  polar  star,  because  it  is  the  near- 
est bright  star  to  the  north  pole  of  the  heavens. 
It  forms  the  tip  of  the  tail,  or  the  extremity,  of 
Ursa  Minor,  or  the  Lesser  Bear,  which  likewise 
consists  of  seven  stars,  arranged  very  nearly  in  the 
shape  of  the  Greater  Bear,  but  in  a  reverse  order. 
This  constellation,  which  is  much  nearer  the  pole 
than  Ursa  Major,  may  be  seen  revolving  around  it, 
in  the  same  manner  as  we  have  described  above, 
but  the  stars  of  which  it  is  composed  are  much 
smaller,  and  not  so  easily  distinguished  as  those 
of  Ursa  Major.  When  the  Great  Bear  is  at  its  low- 
est position,  as  at  S  (fig.  1),  the  square  of  the 
Lesser  Bear  is  considerably  to  the  westward,  and 
the  four  stars,  of  which  it  is  composed,  are  di- 
rectly above  the  tail  of  the  Great  Bear,  at  the 
distance  of  about  twenty  degrees,  as  at  A. 

Let  us  now  suppose  ourselves  contemplating 
the  southern,  eastern,  and  western  parts  of  the 
heavens,  about  the  beginning  of  January,  at  nine 
o'clock  in  the  evening.  At  this  time  we  shall  see 
the  seven  stars,  a  very  little  to  the  west  of  the 
meridian,  and  at  a  very  high  elevation.  Next  to 
this  cluster,  on  the  east,  but  a  little  lower,  is  Al- 
debaran,  or  the  Bull's  Eye,  a  ruddy  star  of  the 
first  magnitude,  in  the  constellation  of  Taurus. 
South  by  east  of  Aldebaran,  and  considerably 
below  it,  is  the  splendid  constellation  of  Orion, 
distinguished  by  four  bright  stars  forming  an  ir- 
regular square,  or  parallelogram,  in  the  middle 
ef  which  are  three  bright  stars  in  a  straight  line, 
at  equal  distances  from  eacli  other.  This  is  one 
of  the  most  splendid  constellations  in  the  heavens, 
and  is  distinguished  by  almost  every  common  ob- 
server by  the  three  stars  now  mentioned,  which 
form  the  belt  of  Orion,  or  what  Job  calls  "the 
bands  of  Orion,"  and  are  sometimes  known  by 
the  names  of  "the  three  Kings,"  "the  Yard," 
and  "the  Lady's  Elwand."  South-east  from 
Orion,  at  a  low  elevation,  is  the  star  Sirius,  be- 
\onp:f\g  to  Cants  Major,  or  the  Great  Dog,  which 
is  ccAsidered  the  most  brilliant  fixed  star  in  the 
iieavens.  North-east  from  Sirius,  at  a  higher 
elevation,  is  Procyon,  a  bright  star  in  Cards  Minor 
or  the  Little  Dog.  North  from  Procyon,  at  a 
much  higher  altitude,  are  the  bright  stars  Castor 
and  Pollux,  belonging  to  the  constellation  Gem- 
ini. If,  then,  three  hours  after  having  made  these 
observations,  or  about  midnight,  we  view  the  face 
of  the  heavens,  we  shall  find  a  considerable  alter- 
ation in  the  positions  of  the  stars  and  constella- 
tions to  which  we  have  referred.  The  seven 
stars  will  then  be  found  to  have  moved  halfway 
between  the  meridian  and  the  western  horizon, 
followed  by  Aldebaran,  which  is  then  a  consider- 
able distance  past  the  meridian  to  the  westward. 
The  constellation  Orion  is  likewise  westward  of 
the  meridian,  and  the  bright  star  Sirius,  which 
was  formerly  in  the  south-east,  is  now  nearly  due 
south.  Procyon,  and  Castor  and  Pollux,  which, 
at  nine  o'clock,  were  a  great  way  toward  the  east, 
are,  at  midnight,  not  far  from  the  meridian,  and 
at  a  much  higher  elevation.  All  which  circum- 
stances show  that  the  various  clusters  of  stars,  in 
the  eastern,  southern,  and  western  portions  of 
the  heavens,  have  a  regular  and  uniform  apparent 
motion  from  east  to  west. 

Such  are  some  of  the  general  appearances  of 
the  heavens,  as  viewed  in  our  northern  latitude; 
but,  in  several  other  quarters  of  the  globe,  their 
aspects  will  appear  somewhat  different.  Were 
we  placed  under  the  equator,  in  tlie  island  of  Su- 
matra, or  about  Quito,  in  South  America,  we 
should  behold  all  the  stars  in  the  firmament  pro- 
ceeding in  their  courses  from  east  to  west.    All  ' 


the  stars  would  appear  to  rise  and  set,  and  none 
of  them  would  describe  circles  above  the  horizon, 
as  some  ot  ttiem  appear  to  do  in  our  norlliern  re- 
gion. The  north  pole,  which  in  our  latitude,  ia 
at  a  high  elevation,  would  appear  ia  the  northern 
point  of  the  horizon,  and  the  south  pole  would,  at 
the  same  time,  be  visible  in  the  opposite  quarter 
of  the  heavens.  In  our  latitude,  we  cannot  per- 
ceive above  two-thirds  of  the  stars  which  may  be 
seen  in  the  firmament;  but,  at  the  equator,  all 
the  visible  stars  of  heaven  may  be  perceived 
During  the  space  of  twenty-four  hours  tliev  all 
pass  along  above  the  horizon.  The  one-half  of 
them,  indeed,  cannot  be  seen  on  account  of  the 
light  of  day,  but,  in  the  course  of  a  year,  they  are 
all  visible.  Were  we  placed  in  Van  Dieman's 
Land,  or  at  the  Cape  of  Good  Hope,  we  should 
behold  multitudes  of  stars  which  are  never  visible 
in  our  latitude,  and  the  constellations  of  the 
Great  and  Little  Bears,  Cassiopeia,  and  other 
clusters,  would  be  no  longer  visible.  Could  we 
take  our  station  at  the  north  pole  of  the  earth, 
the  stars  would  appear  neither  to  rise  or  set,  nor 
yet  to  stand  still.  All  the  stars  visible  from  this 
point  would  appear  to  move  round  the  heavens 
above  the  horizon,  in  parallel  circles,  every  twen- 
ty-four hours;  and  all  that  could  ever  be  seen  in 
such  a  situation  might  be  perceived  every  hour 
and  minute,  in  a  clear  sky,  when  the  sun  is  ab- 
sent. But,  from  this  point,  only  one-half  of  the 
firmament  is  visible,  and  none  of  the  stars  belong- 
ing to  the  other  half  ever  rise  above  the  horizon. 


SECTION    III. 
Conclusions  deduced  from  the  preceding  FAcn 

AND    OBSERVATIONS. 

An  intelligent  spectator,  after  having  observed 
the  various  aspects  of  the  heavens  above  described, 
will  naturally  inquire — Whence  come  those  stars 
which  are  seen  gradually  emerging  from  the  east- 
ern horizon  ?  Whither  have  those  stars  gone 
which  have  sunk  beneath  the  western  horizon? 
And  what  becomes  of  those  stars  during  the  light 
of  day,  which  shine  with  so  much  splendor  during 
the  shades  of  night?  A  little  reflection  on  the 
subject  will  soon  suggest,  that  the  stars  which  are 
seen  rising  above  the  eastern  horizon,  come  from 
another  hemisphere  of  the  heavens,  which  is  in- 
visible from  the  point  on  which  we  stand,  and 
which  we  are  apt  to  imagine  is  below  the  hemi- 
sphere which  we  behold  above  us;  and  when  they 
set  in  the  west,  return  to  that  hemisphere  again; 
and  that  the  reason  why  the  stars  are  not  visible 
during  the  day,  is  because  their  light  is  over- 
powered by  the  more  vivid  splendor  of  the  sun. 
We  are  also  naturally  led  to  conclude,  from  such 
appearances,  that  the  world  in  which  we  dwell  is 
suspended  in  empty  space,  and  is  surrounded  on 
all  sides,  above  and  below,  by  the  expanse  of  the 
firmament,  in  which  the  sun,  moon,  planets,  and 
stars  appear  to  perform  their  diversified  motions 
and  revolutions.  Another  conclusion  which  may 
be  deduced  from  the  preceding  observations,  is, 
that  the  whole  sphere  of  the  heavens  performs  an 
apparentrevolution  round  our  world;  carrying,  as  it 
were, all  the  stars  along  vvitli  it  in  the  space  of  twen- 
ty-four hours.  Whether  this  motion  be  real,  or 
only  apparent,  requires  to  be  determined  by  certain 
rational  considerations,  and  from  the  harmony  and 
order  which  appear  to  be  characteristic  of  the  worka 
of  the  Creator;  to  which  subject  we  shall  particu- 
larly direct  our  attention  in  the  following  chapter 

In  the  meantime,  we  may  remark,  that  such 
general  views  of  the  motions  of  the  starry  firm*- 
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ment  as  we  have  already  taken,  have  a  tendency 
to  expand  the  intellectual  faculties,  and  to  elevate 
the  mind  to  the  contemplation  of  some  Great  In- 
visible Power,  by  which  such  mighty  movements 
are  conducted.  When  we  behold  the  vast  concave 
of  the  sky,  with  all  its  radiant  orbs,  moving  in 
majestic  grandeur  around  our  globe,  an  idea  of 
sublimity  and  almighty  energy  irresistibly  forces 
itself  upon  the  mind,  which  throws  completely 
into  the  shade  the  mightiest  efforts  of  human 
power, — so  that  the  most  stupendous  machines 
ever  constructed  by  human  art  can  afford  no  as- 
sistance in  forming  a  conception  of  that  incom- 
prehensible Power,  v;hich  sustains  and  carries 
forward  in  their  course  thousands  of  spacious 
worlds.  The  shining  orbs  wliich  the  firmament 
displays  are  evidently  placed  at  an  immense  dis- 
tance from  the  earth,  and  consequently  are  bodies 
of  an  immense  size;  and  if  the  apparent  motions 
to  which  we  have  adverted  were  real,  the  swift- 
ness with  which  they  would  fly  through  the  re- 
gions of  space  would  exceed  all  human  calculation 
and  conception.  But  whether  these  motions  be 
real  or  apparent,  we  find  motions  actually  existing 
among  the  orbs  of  heaven  which  astonish  and 
overpower  every  rational  and  contemplative  mind. 
The  very  circumstance,  that  motions  so  sublime 
appear  in  the  expanse  of  the  firmament,  is  a  de- 
monstrative proof  that  motions  of  a  wonderful 
and  incomprehensible  nature  exist  somewhere; 
and  the  ideas  of  majesty,  of  grandeur,  and  of  om- 
nipotent energy,  which  this  single  circumstance 
is  calculated  to  inspire,  are  such  as  irresistibly  to 
lead  the  mind  to  the  contemplation  of  a  Being 
whose  perfections  are  incomprehensible,  and 
whose  "  ways  are  past  iindiug  out." 


It  does  not  require  a  scientific  knowledge  ol 
astronomy  in  order  that  the  mind  may  be  im 
pressed  with  sentiments  of  admiration  at  th« 
movements  which  appear  throughout  the  uni- 
verse. For  the  works  of  God,  when  contem- 
plated in  any  point  of  view,  or  on  any  theory,  or 
hypothesis  we  may  form,  appear,  like  himself 
wonderful,  magnificent,  and  incomprehensible. 
The  motions  to  which  we  have  chiefly  alluded, 
are  either  in  the  earth  or  in  the  heavens.  If  these 
motions  really  exist  in  the  heavens,  the  mind  ia 
overpowered  with  astonishment  at  the  idea  of 
thousands  and  tens  of  thousands  of  vast  globes  of 
light,  at  immense  distances,  every  day  revolving 
around  us  with  amazing  velocity.  If  the  motioa 
chiefly  exist  in  the  earth,  then  we  are  still  over- 
whelmed with  wonder  at  the  idea  of  a  globe  con- 
taining two  hundred  millions  of  square  miles, 
with  its  mighty  continents  and  oceans,  and  its 
numerous  population,  whirling  around  its  axis 
every  day,  at  the  rate  of  a  thousand  miles  an  hour, 
and  in  its  course  round  the  sun,  flying  with  a  ve- 
locity of  eleven  hundred  and  thirty  miles  every 
minute  I  There  is  no  alternative  but  that  of  ad- 
mitting either  the  one  or  the  other  of  these  mo- 
tions; and  whatever  view  we  take  of  this  subject, 
or  in  whatever  light  we  contemplate  the  pheno- 
mena of  the  heavens,  we  are  almost  irresistibly 
led  to  exclaim,  "Great  and  marvelous  are  thy 
works.  Lord  God  Almighty  !"  "  Who  can  utter 
the  mighty  operations  of  Jehovah  !"  "  The  Lord 
God  omnipotent  reigneth  !"  The  idea  of  a  Being 
who  thus  incessantly  displays  such  amazing  en«r- 
gies  demands  from  all  his  intelligent  offsprinjf  « 
tribute  of  reverence  and  adoration,  of  gratitiuti 
and  praise. 


CHAPTER   II. 

ON  THE  FIGURE  AND  MOTION  OF  THE  EARTH. 


SECTION    I. 

On  the  figure  of  the  earth,  and  the  argu- 
ments WHICH  PROVE  THAT  IT  13  NEARLY  IN  THE 
SHAPE   OF   A   GLOBE. 

In  the  preceding  chapter,  we  have  given  a  de- 
scription of  the  principal  motions  which  appear 
in  the  heavens,  both  by  day  and  by  night.  Every 
one,  however  illiterate,  who  has  a  desire  to  study 
"the  wonderful  works  of  God,"  has  an  opportu- 
nity, if  he  please,  to  observe  most  of  the  motions 
and  phenomena  to  which  we  have  adverted,  pro- 
vided he  live  in  the  country,  or  in  a  spacious 
street  or  square.  Those  who  live  in  the  narrow 
and  dirty  lanes  and  courts  of  London,  Liverpool, 
Manchester,  and  other  populous  cities  and  towns, 
have  no  scope  for  making  such  observations,  un- 
less they  occasionally  retire  to  the  open  fields; 
and  hence  it  is  that  the  inhabitants  of  such  places 
seldom  know  anything  of  the  general  aspects  either 
of  the  earth  or  of  the  heavens.  It  is,  however,  the 
incumbent  duty  of  every  man,  and  particularly  of 
every  Christian,  to  contemplate,  with  an  eye  of  in- 
telligence and  devotion,  the  operations  of  the  Most 
High,  in  order  that  he  may  be  enabled  to  "  praise 
Him  for  his  mighty  acts,"  and  "according  to  his  ex- 
cellent [greatness."  A  nd  the  man  who  will  not  give 
himself  the  trouble  of  occasionally  devoting  an  hour 
or  two  to  such  studies  and  observations,  virtually 


declares  that  the  works  of  his  Creator  are  unwor- 
thy of  his  contemplation;  and  consequently,  thed 
he  deserves  to  remain  in  ignorance  of  the  mos| 
sublime  objects  of  creation,  and  of  the  most  glori- 
ous manifestations  of  the  Divinity. 

Before  proceeding  to  a  particular  description 
of  the  planetary  system,  it  is  requisite  that  we 
should  acquire  clear  and  definite  views  of  the 
figure  and  motions  of  this  earth,  on  which  we 
reside;  without  which  the  general  frame  of  the 
universe,  and  the  order  and  arrangement  of  the 
solar  system,  cannot  be  appreciated  or  under- 
stood. 

For  a  long  period,  during  the  dark  ages,  and 
the  infancy  of  science,  the  world  in  which  we 
dwell  was  considered  as  the  largest  body  in  the 
universe.  It  was  supposed  to  be  an  immense 
plain,  diversified  with  a  few  inequalities,  caused 
by  the  mountains  and  vales;  and  that  it  stretched 
out  in  every  direction  to  an  unlimited  extent,  and 
was  bounded  on  all  sides  by  the  sky.  What  was 
below  this  immense  mass  of  land  and  water,  and 
how  it  was  supported,  none  could  tell;  though 
some  of  the  Christian  fathers  strenuously  asserted 
that  the  earth  was  extended  infinitely  downward, 
and  established  upon  several  foundations.  Such 
were  the  absurd  and  foolish  opinions  of  those  who 
viewed  the  system  of  nature  through  a  false  me* 
dium,  and  who  were  ignorant  of  the  facts  and 
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principles  of  modern  science.  It  is  only  within 
the  period  of  the  last  three  hundred  years  tiiat 
the  true  figure  and  dimensions  of  tiie  eiirtli  have 
been  accurately  ascerlnined.  This  figure  is  now 
found  to  be  that  of  an  oblate  spheroid,  very 
nearly  approaching  to  the  shape  of  a  globe,  or 
sphere.  That  this  is  in  reality  the  form  of  our 
world  will  appear  from  the  following  considera- 
tions. 

1.  When,  on  a  calm  day,  we  take  our  station 
on  the  sea-shore,  we  shall  perceive  that  the  sur- 
face of  the  water  is  not  quite  plane,  but  a  little 
convex,  or  rounded;  and  if  we  happen  to  be  on 
one  side  of  an  arm  of  the  sea,  two  or  three  miles 
broad,  if  we  place  our  eyes  near  the  water,  and 
look  toward  tiie  opjiosile  coast,  we  shall  plainly 
see  the  water  elevated  between  our  eyes  and  the 
opposite  coast,  so  as  to  prevent  our  seeing  the  ob- 
jects whicli  are  near  the  edge  of  the  water.  If 
we  make  the  same  experiment  on  a  lake  of  two 
or  three  miles  in  extent,  a  small  boat  near  the 
end  of  the  lake  may  be  seen  by  a  man  who  is  at 
some  bight  above  the  water;  but  if  we  lay  our 
eye  near  the  surface,  the  view  of  the  boat  will  be 
intercepted  b}'  the  convexity  of  the  water,  which 
Bhows  that  the  lake  is  a  small  segment  of  a  globe. 

2.  When  we  view  a  shi[)  taking  its  departure 
from  the  coast  in  any  direction,  as  it  retires 
from  our  view  we  may  perceive  the  masts  and 
rigging  of  the  vessel  when  the  hull  has  disap- 
peared, and  has  sunk,  as  it  were,  beyond  the 
boundary  of  our  sight.  First  we  lose  sight  of  the 
hull,  then  of  the  sails,  and,  last  of  all,  of  the  top- 
mast. On  the  other  hand,  when  a  ship  is  ap- 
proaching the  sliore,  the  first  part  of  it  which  is 
visible,  when  at  a  considerable  distance,  is  the 
topmast;  as  it  approaches  nearer,  the  sails  begin 
to  be  seen  ;  and  last  of  all  tlie  hull  gradually 
comes  within  the  limits  of  our  sight — but  the 
vessel  will  pass  over  several  miles  of  the  sea,  from 
the  time  of  our  first  perct-iving  the  topmast  until 
the  hull  appears.  In  order  to  make  such  obser- 
vations with  accuracy,  it  is  requisite  that  a  tele- 
scope should  be  used.  What  is  it,  then,  that  pre- 
vents the  hull  of  a  ship  from  being  perceived 
when  its  topmasts  are  visible?  It  is  evidently  the 
round,  or  convex  surface  of  the  water  rising  up, 
as  it  were,  or  interposing  between  our  eye  and 
the  lower  part  of  the  ship,  wlien  it  has  receded  a 
certain  distance.  Now,  as  such  appearances  are 
observed  on  every  sea  and  ocean  on  the  face  of 
the  earth,  it  follows  tliat  the  ocean  at  large  is  a  con- 
vex surface,  or  a  portion  of  a  globe;  and  if  the  ocean 
be  globular,  so  also  is  the  land — notwithstanding 
that  the  hills  and  mountains  form  a  few  inequalities 
on  its  surface — for  the  portions  of  the  land  are  all 


j  nearly  on  a  level  with  the  ocean,  with  the  excep- 
I  tion  of  the  ranges  of  elevated  mountains. 

What  has  been  now  stated  may  be  illustrated 
by  the  following  figure  (fig.  2),  in  which  the 
convex  surface  of  the  globe  is  represented.  At  D 
a  person  is  represented  as  standing  on  tlio  top  of 
a  tower;  and  from  that  elevation  he  is  enabled  to 
see  both  the  topmast  and  the  hull  of  the  ship  E; 
i  which  is  evident,  because  right  lines  can  be  drawn 
without  interruption  from  the  eye,  both  to  tlia 
topmast  and  to  the  hull.  Whereas  a  line  drawn 
from  the  eye  to  the  hull  of  the  ship  F,  which  is 
at  a  greater  distance,  is  intercepted  by  the  convex 
surface  of  the  water  interposing,  and  consequently 
the  hull  is  invisible;  but  a  line  drawn  from  tha 
eye  to  the  higher  paits  of  the  vessel  shows  that 
the  topmasts  are  visible,  because  light,  whea 
passing  through  the  same  medium,  flows  in 
straight  lines  from  every  object.  In  conformity 
with  what  has  been  now  stated,  we  find  that  the 
higher  the  eye  is  placed,  the  farther  will  tho 
view  be  extended.  From  a  lofty  mountain  we 
obtain  a  much  more  distant  and  extensive  pros- 
pect than  from  the  plain  below;  and  hence  it  is 
common  for  sailors  to  ascend  to  the  top  of  the 
ship's  mast,  when  they  wish  to  descry  objects  at 
the  greatest  distance;  as  from  such  an  elevation 
they  can  discover  land,  or  other  ships,  at  a 
greater  distance  than  when  they  stand  ou  deck. 

Fig.  2. 


On  the  other  hand,  were  the  surface  of  the  aea 
a  level  plain,  as  represented  in  fig.  3,  the  ap- 
pearances would  be  very  difTerent.  A  line  might 
be  drawn  from  any  object  situate  upon  it,  as  tho 


Fig.  3. 


ehip  D,  to  the  eye,  whether  it  were  placed  high  or 
low,  at  A  or  at  B.  In  this  case,  any  object  upon 
the  earth  or  sea  would  be  visible  at  any  distance 
which  was  not  so  great  as  to  make  the  appearance 
of  it  too  faint  or  small  to  be  perceived.  An 
object  would   be   visible    at    the   same   distance 

Vol.  n— 40 


whether  the  eye  were  high  or  low.  The  largest, 
and  not  the  highest,  objects  would  be  visible  at 
the  greatest  distance.  The  topmast  of  a  ship 
would  first  disappear,  and  the  hull,  as  being  t!i« 
largest  body,  would  be  longest  visible  ;  but  this- 
is  contrary  to    all   experience.     The   considera» 
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tions  now  adduced  are,  therefore,  clear  and  de- 
cisive proofs  tliat  the  earth  is  not  an  extended 
plain,  but  a  globular  body  ;  and  it  is  astonish- 
ing that  such  a  conclusion  was  not  generally 
drawn  until  a  few  centuries  before  the  present  aije. 
3.  That  the  earth  is  round  from  east  to  west, 
appears  from  actual  experiment;  for  many  navi- 
gators, by  sailing  in  a  westerly  direction,  have 
gone  quite  round  it  from  east  to  west.  They  have 
set  sail  from  England,  crossed  the  Atlantic, 
rounded  Cape  Horn,  sailed  along  the  Great  Pacific 
ocean  to  the  northern  coasts  of  New  Holland, 
crossed  the  Indian  sea,  and  passii;g  the  Cape  of 
Good  Hope,  have  again  arrived,  by  traversing  the 
Atlantic,  to  the  port  whence  they  set  out.  This 
experiment  therefore  shows  that  the  earth  is 
round  from  east  to  west;  but  it  does  not  prove 
that  it  is  also  round  from  north  to  south;  for  it 
has  never  been  actually  circumnavigated  in  that 
direction,  on  account  of  the  obstruction  caused 
to  navigation  by  the  immense  masses  of  ice  with- 
in the  polar  regions.  Had  we  therefore  no  other 
proof  of  the  earth's  rotundity  than  this,  we  might 
be  apt  to  suppose  it  somewhat  resembling  the 
shape  of  a  cylinder.  But  that  the  earth  is  in 
reality  round  from  north  to  south,  appears  from 
the  following  circumstances.  Wlien  we  travel  a 
considerable  distance  from  north  to  south,  or  from 
6outh  to  north,  a  number  of  new  stars  succes- 
sively appear  in  the  heavens  in  the  quarter  to 
which  we  are  advancing,  and  many  of  those  in 
the  opposite  quarter  gradually  disappear.  For 
example,  in  sailing  toward  the  south,  when  we 
approach  the  equator  the  brilliant  constellation 
called  the  Cross  makes  its  appearance,  which  is 


always  invisible  in  this  country;  and  if  we  go 
still  farther  south,  the  constellations  of  the  Great 
Bear,  Cassiopeia,  and  other  stars  visible  in  our 
northern  sky,  will  entirely  disappear  ;  which 
could  not  happen  if  the  earth  were  a  plane  in  that 
direction;  for,  in  this  case,  all  the  stars  of  heaven 
would  be  visible  in  every  point  from  tiie  north 
pole  to  the  south. 

4.  Another  corroborative  proof  of  the  earth's 
globular  figure  is  this:  in  cutting  for  a  canal,  in 
order  to  have  the  water  on  a  level,  certain  allow- 
ances require  to  be  made  for  the  earth's  rotun- 
dity. The  slope  requisite  to  be  made  on  this 
account  is  about  eight  inches  in  the  mile,  thirty- 
two  inches  in  two  miles,  and  so  on,  increasing  as 
the  square  of  the  distance.  If  the  earth  were  a 
plane,  no  allowances  of  this  kind  would  be  requi- 
site, in  order  that  the  water  in  a  long  canal  might 
stand  on  a  level. 

5.  The  phenomena  exhibited  in  eclipses  of  the 
moon  present  to  the  eye  a  clear  demonstration 
that  the  earth  is  of  a  spherical  form.  It  is  well 
known  that  an  eclipse  of  the  moon  is  produced 
by  the  intervention  of  the  body  of  the  earth  be- 
tween the  sun  and  the  moon,  which  can  only 
happen  at  the  time  of  full  moon,  in  which  case, 
tiie  shadow  of  the  earth  falls  upon  the  moon. 
This  shadow  is  found  in  all  cases,  and  in  every 
position  of  the  earth  and  moon,  to  be  of  a  circu- 
lar figure,  or  the  segment  of  a  circle,  as  the  whole 
shadow  cannot  be  seen  at  one  time.  Thus,  let 
A  B  [fig.  4]  represent  the  moon  while  an  eclipse 
is  going  on,  and  C  D  the  shadow  of  the  earth, 
which  is  much  larger  than  the  diameter  of  the 
moon.     In   every   stage    of  the    progress    of    an 


Fig.  4. 


eclipse,  the  curve  A  B  of  the  earth's  shadow  is 
distinctly  perceived  passing  along  the  disc  of  the 
moon.  But  the  entire  shadow  of  the  earth  is  not 
seen,  because  there  is  no  bright  object  on  which 
the  whole  of  it  can  fall;  only  that  part  of  it 
which  covers  the  moon  being  visible.  But  since 
this  shadow  always  appears  a  portion  of  a  circle, 
it  proves,  incontestably,  that  the  whole  mass  of 
land  and  water,  (jf  which  the  earth  is  composed, 
is  nearly  of  a  globular  form. 

If,  therefore  we  admit  that  the  earth  is  of  a  glo- 
bular form,  it  necessarily  follows  that  it  may  be 
inhabited  on  all  sides,  and  consequently,  that  those 
who  live  on  the  opposite  side  of  the  globe  must 
have  their  feet  pointing  toward  our  feet,  and  their 
heads  pointing  in  an  opposite  direction.  Thus, 
In  fig.  2,  the   person    standing  at  A  has  his  feet 

Jointing  to  the  feet  of  the  one  standingat  B,  and  their 
eads  pointing  to  regions  of  space  directly  opposite; 
and  therefore  if  by  any  motive  power,  they  were  to 


be  carried  forward  in  the  direction  to  whicn  their 
heads  point,  and  the  power  to  be  continued,  they 
would  never  meet  through  all  eternity.  The  same 
may  be  said  in  reference  to  the  persons  supposed 
to  be  placed  at  C  and  D.  It  also  follows,  that, 
could  we  suppose  a  hole  bored  through  the  center 
of  the  earth,  commencing  at  the  point  where  we 
now  stand,  and  extending  to  the  opposite  side,  it 
would  terminate  at  our  antipodes,  and  would  mea- 
sure nearly  eight  thousand  miles.  It  likewise  fol- 
lows that  this  globe  of  land  and  water  is  either 
suspended  in  empty  space,  oris  moving  round  its 
axis  every  day,  or  flying  with  immense  velocity 
round  the  sun  every  year.  Whichever  of  these 
suppositions  we  hold  to  be  true,  a  wonderful  and 
sublime  idea  is  conveyed  to  the  mind.  If  we  sup- 
pose the  earth  at  rest  in  empty  space,  we  have 
presented  to  view  a  globe— containing 264  millions 
of  cubical  miles,  and  weighing  at  least, 2,200,000,- 
000^000,000,000,000,  or  more  than  two  tho-isanj 
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trillions  of  tons — resting  upon  nothing — suspended 
in  the  midst  of  infinite  space,  and  surrounded  by 
the  immense  bodies  of  the  universe,  with  no  ma- 
terial support  but  the  invisible  arm  of  Omnipo- 
tence, poising  its  immense  mass  of  continents  and 
oceans,  and  preventing  it  from  sinking  into  the 
depths  of  inlinity.  If  we  suppose  it  to  be  turning 
round  its  axis,  and  revolving  at  the  same  time, 
rouud  the  sun,  then  we  have  presented  to  view  a 
etill  more  astonishing  idea — a  globe,  of  the  huge 
dimensions  now  stated,  with  its  numerous  popula- 
tion, flying  through  tlie  spaces  of  immensity, 
without  intermitting  its  speed  a  single  moment,  at 
the  rate  of  sixty-eight  thousand  miles  every  hour. 
So  that  there  is  no  view  we  can  take  of  the  works 
of  the  Almighty,  in  which  we  are  not  irresistibly 
excited  to  wonder  and  admire. 

We  may  here  also  remark,  that  the  globular 
figure  of  the  earth  is  evidently  the  best  adapted  to 
a  habitable  world.  It  is  the  most  capacious  of  all 
forms,  and  contains  the  greatest  quantity  of  area 
in  the  least  possible  space.  It  is  the  best  adapted 
to  motion,  both  annual  and  diurnal,  every  part  of 
the  surface  being  nearly  at  the  same  distance  from 
the  center  of  gravity  and  motion.  Without  this 
figure,  there  could  have  been  no  comfortable  and 
regular  alternation  of  day  and  aigbt  in  our  world, 
as  we  now  enjoy;  and  the  light  of  the  sun  and 
the  mass  of  waters  could  not  have  been  equally 
distributed.  Had  the  earth  been  of  the  figure  of 
a  cube,  or  pentagon,  or  oi"  ^^ny  other  angular  form, 
some  parts  would  have  been  comparatively  near 
the  center  of  gravity,  and  others  hundreds  or  thou- 
eands  of  miles  farther  from  it.  Certain  countries 
would  have  been  exposed  to  furious  tempests, 
which  would  have  overturned  and  destroyed  every 
object:  while  others  would  have  been  stifled  for 
want  of  currents  and  agitation  of  the  air.  One 
part  would  have  been  overwhelmed  with  water, 
and  another  entirely  destitute  of  the  liquid  ele- 
ment; one  part  might  have  enjoyed  the  benign 
influence  of  the  sun,  while  anotlier  might  have 
been  within  tlie  shadow  of  elevations  a  hundred 
miles  high,  and  in  regions  of  insufferable  cold.  In 
ehort,  while  one  country  might  have  resembled  a 
paradise,  others  would  have  been  transformed  into 
a  chaos,  where  nothing  was  to  be  seen  but  barren- 
ness and  desolation.  But  the  globular  figure 
which  the  Creator  has  given  to  our  world  prevents 
all  such  inconveniences  and  evils,  and  secures  tc 
us  all  the  advantages  we  enjoy  from  the  equable 
distribution  of  light  and  gravity — of  the  waters 
of  our  seas  and  rivers,  and  of  the  winds  and  mo- 
tions of  the  atmosphere.  Hence  it  is  that  all  the 
bodies  of  the  planetary  system  are  either  spheri- 
cal, or  spheroidal  bodies;  nay,  all  the  great  bodies 
in  the  universe,  so  far  as  our  knowledge  extends, 
are  found  to  be  of  a  globular  figure;  and  in  this 
arrangement  the  wisdom  and  intelligence  of  the 
Almighty  Creator  are  clearly  to  be  perceived. 

In  short,  the  discovery  of  the  globular  figure  of 
the  earth  constitutes  an  important  fact  in  the  his- 
tory of  Divine  Providence,  without  which  some 
of  the  grand  designs  of  the  Creator,  in  reference 
to  our  world,  would  not  have  been  accomplished. 
It  was  in  consequence  of  a  knowledge  of  this  fact 
that  the  continent  of  America  was  discovered, and 
the  blessings  of  civilization,  science,  and  Chris- 
tianity conveyed  to  that  region  of  the  earth.  On  a 
knowledge  of  the  true  figure  of  the  earth  the  art  of 
navigation  depends:  and  in  consequence  of  this, 
the  greater  part  of  the  world  has  been  explored, 
and  the  way  prepared  for  carrying  the  tidings  of 
salvation  to  men  of  all  nations,  through  faith  in 
the  crucified  Redeemer.  On  the  knowledge  of 
the  true  figure  of  the  earth  depends  our  know-  j 


id 

ledge  of  its  magnitude  and  dimensions;  and  OQ 
our  knowledge  of  its  magnitude,  depends  our 
knowledge  of  the  distances  of  the  sun  and  moon; 
and  on  our  knowledge  of  the  distance  of  the  sun 
depends  our  knowledge  of  the  respective  distances 
of  the  planets,  and  the  extent  of  the  solar  system; 
and  on  our  knowledge  of  the  extent  of  this  sys- 
tem, depend  our  conceptions  of  the  distances  of 
the  fixed  stars,  and  of  the  vast  magnitude  and  ex- 
tent of  the  material  creation;  and  on  our  views 
of  the  immensity  of  the  universe,  depend  the  en- 
larged conceptions  we  are  now  enabled  to  form  of 
the  attributes  of  that  Almighty  Being  from  whom 
we  derived  our  existence,  and  whose  "  kingdom 
ruleth  over  all."  Had  the  first  link  of  this  chain 
— our  knowledge  of  the  figure  of  the  earth — been 
wanting,  we  should  liave  remained  in  ignorance 
of  all  the  important  consequences,  now  stated, 
which  have  resulted  from  this  discovery — so  inti- 
mately connected  are  all  the  branches  of  useful 
knowledge,  botb  human  and  Divine. 

Had  mankind  always  remained  ignorant  of  this 
important  fact,  the  circumnavigation  of  the  globe 
would  never  have  been  attempted;  vast  portions 
of  the  habitable  world  would  have  remained  un- 
known and  unexplored;  the  intercourses  which 
now  subsist  among  the  various  tribes  and  nations 
of  mankind  could  not  have  been  carried  on;  the 
tribes  of  the  greater  portion  of  tlie  heathen  world, 
and  the  countries  in  which  they  reside,  would 
have  been  unknown;  no  extensive  missionary  en- 
terprises could  have  been  carried  forward;  the 
knowledge  of  "the  salvation  of  God"  could  not 
have  been  communicated  to  all  the  nations  that 
dwell  upon  the  face  of  the  earth,  accoi'dingto  the 
predictions  of  ancient  prophesy;  and  our  ideas  of 
the  majesty  and  grandeur  of  the  great  Creator  and 
Redeemer  of  men  would  have  remained  as  low 
and  contracted  as  in  the  dark  ages,  when  it  was 
considered,  even  bj'  ecclesiastics,  as  a  heresy  and 
a  crime  to  maintain  that  the  earth  is  round  like  a 
globe,  or  ball,  and  tbat  it  may  be  inhabited  on  all 
sides.  But  now,  inconsequence  of  the  knowledge 
we  have  acquired  on  this  subject,  the  way  is  pre- 
pared for  the  acconiplishinent  of  the  Divine  pur- 
poses and  predictions  in  relation  to  our  race;  our 
knowledge  of  creation  and  the  perfections  of  its 
Author,  is  extended;  the  path  to  future  improve- 
ment and  discovery  is  laid  open,  and  everytliin<r 
now  appears,  notwithstanding  many  obstacles,  to 
be  hastening  onward  to  a  glorious  consummation. 


SECTION    II 
On  the  motioxs  of  the  earth. 

It  is  presumed  that,  in  the  times  in  which  we 

live,  there  are  few  persons  who  have  any  doubts 
that  the  world  in  which  we  dwell  is  nearly  of  the 
figure  of  a  globe,  especially  when  this  position 
can  be  proved  by  so  many  sensible  demonstrations. 
But  there  are  still  many  who  can  scarcely  be 
convinced  that  it  is  moving  along  with  immense 
velocity  through  the  regions  of  space,  in  company 
witb  the  other  planets.  On  this  subject,  therefore, 
we  shall  now  offer  a  few  considerations,  tending 
to  prove  tliat  the  world  we  inhabit — however 
steadfast  it  may  appear  to  the  eye  of  sense — is,  in 
reality,  a  moving  body,  and  that  all  its  inhabitants 
are  carried  forward  with  a  velocity  far  greater  than 
any  motions  we  see  around  us.  There  are  two 
different  motions  considered  as  connected  with  the 
earth : — one,  by  which  it  is  viewed  as  turning 
round  its  axis  every  twenty-four  hours:  and  an- 
other, by  which  it  wings  its  flight  round  the  sun 


20 


THE  SOLAR  SYSTEM. 


once  every  year.  In  the  meantime,  i  shall  chiefly 
illustrate  those  arguments  by  which  its  diurnal 
motion  may  be  demonstrated. 

1.  In  the  first  place,  there  is  one  thing  of  which 
we  are  uU  certain,  tliat  motion  does  actually  exist, 
either  in  the  earth,  or  in  the  heavens.  We  every 
day  behold  the  sun  apparently  moving  from  the 
eastern  toward  the  western  horizon.  We  find, 
likewise,  all  the  stars  in  the  firmament  apparently 
moving  ill  a  body  round  the  earth,  in  the  course 
of  twenty-four  hours,  and  in  the  manner  descri lied 
iu  the  preceding  pages.  Such  observations,  which 
every  one  has  it  in  his  power  to  make,  clearly 
show,  tliat  there  is  motion  somevs'here,  and  the 
question  is — Does  this  apparent  motion  really  exist 
in  the  heavens,  or  is  it  the  motion  of  the  earth 
that  produces  this  appearance?  Let  us  suppose, 
for  a  moment,  that  it  is  the  earth  which  moves. 
What,  then,  will  be  the  rate  of  its  motion,  in  turn- 
ing round  its  axis,  to  produce  the  apparent  revo- 
lution of  the  heavens?  For,  if  the  earth  really 
move  round  its  axis  from  west  to  east,  the  heavens 
will,  of  course,  appear  to  revolve  around  us  from 
east  to  west.  The  rate  of  this  motion  will  depend 
Upon  the  magnitude  of  the  earth.  Now,  we 
know  that  the  earth  is  a  globe,  somewhat  more 
than  24,000  miles  in  circumference;  and,  conse- 
quently in  turning  round  every  twenty-four  hours, 
some  portions  of  its  surface  must  move  at  least  :; 
thousand  miles  every  hour.  This  is  a  motion  far 
more  rapid  than  has  ever  been  produced  in  the 
Braallest  bodies  by  human  art;  and,  therefore,  it 
may  appear  incredible  to  some  that  such  a  mo- 
tion can  exist  in  a  globe  of  such  vast  dimensions  as 
the  earth.  But,  if  such  persons  deny  that  the 
earth  thus  moves,  then  they  must  admit  that  the 
heavens  move.  There  is  no  alternative;  for  mo- 
tion actually  exists,  either  in  the  one  or  in  the 
other.  Now,  if  the  motion  is  to  be  considered  as 
existing  in  the  heavens,  let  us  consider  what  the 
rate  of  this  motion  must  necessarily  be.  If  a 
email  jrlobe  of  18  inches  diameter,  were  supposed 
to  perform  a  revolution  round  its  axis  in  two  se- 
conds, and  a  globe  of  20U0  yards,  or  72,000  inches 
in  diameter,  to  finish  a  rotation  in  the  same  time, 
this  larger  globe  would  move  with  a  velocity  four 
thousand  times  greater  than  the  other.  Li  fig. 
6,  if  A  B,  in  the  center  represent  the  earth,  then 


if  the  circle  C  E  revolve  round  it  in  a  certain 
time,  and  the  other  two  circles  revolve  around  it 
m  the  same  time,  it  is  evident  that  the  circle  F  H 
must  revolve  with  a  quicker  motion  than  the  cir- 


cle C  E,  and  the  circle  I  L  with  a  stUl  greater  Te- 
locity in  proportion  to  its  greater  distance  from 
the  center  of  motion,  A  B. 

Let  us  consider,  then,  what  would  be  the  rate 
of  motion  of  some  of  the  bodies  in  the  lieaveus, 
j  whose  distance  from  the  earth  is  known.  The 
sun  is  ascertained  to  be  ninety-five  millions  of 
miles  distant  from  the  earth,  and,  consequently, 
!  were  he  to  move  round  the  earth  every  day,  as  he 
appears  to  do,  he  would  move  along  a  circumfe- 
rence of  597  millions*  of  mili's  every  day;  that 
is,  at  the  rate  of  above  twenty-four  millions  of 
miles  in  an  liour,  414,000  miles  in  a  minute,  and 
6'JOO  n)Hes  every  second.  Again,  tlie  planet  Ura- 
nus, at  its  nearest  distance  from  the  earth,  is  more 
than  1700  millions  of  miles  distant;  and  conse- 
quently the  circumference  of  its  orliit  is  more  than 
ten  thousand  six  hundred  millions  of  miles.  If  there- 
I  fore  this  planet  v^rere  supposed  to  move  round  the 
earth  every  day,  its  motions  would  be  at  the  rate 
of  445  millions  of  miles  in  an  hour, — seven  mil- 
lions four  hundred  and  twenty  thousand  miles  in 
a  minute, — and  one  hundred  and  twenty-three 
thousand  six  hundred  and  seventy-seven  miles 
every  second.  Again,  the  nearest  fixed  stars  are 
known  not  to  be  within  2(1,000,000,000,000,  or 
twenty  billions  of  miles  from  the  earth;  and  con- 
sequently their  daily  circuit  lound  our  globe  would 
measure  more  than  125,000,000,000,000,  or  one 
hundred  and  twenty-five  billions  of  miles;  that 
is,  at  the  rate  of  fourteen  hundred  millions  of 
miles  in  the  space  of  a  single  second,  or  the  in- 
terval of  time  which  the  pendulum  of  a  common 
clock  takes  in  moving  from  one  side  to  the  other! 
Stars,  at  distances  a  hundred  thnes  greater — of 
which  there  are  many  such  in  our  firmament- 
would  move  with  a  rapidity  a  hundred  times  swift- 
er; and  those  still  farther  removed  from  us  in 
the  depths  of  immensity,  with  a  velocity  far  ex- 
ceeding either  human  or  angelic  comprehension; 
yet  all  the  stars  of  heaven  appear  to  move  round 
our  globe  every  twenty-four  hours.  If  the  circle 
C  D  K  (fig.  5)  represent  the  supposed  diurnal  or- 
bit of  the  sun;  F  G  H  that  of  Uranus;  and  I  K  L 
M  that  of  some  of  the  fixed  stars;  then  it  is  evi- 
dent, that  in  proportion  to  the  distance  of  the 
body  from  the  earth  will  be  the  velocity  of  its 
motion,  if  it  be  supposed  to  move  round  the  earth 
every  day. 

If,  therefore,  there  be  any  reader  disposed  to 
reject  tlie  motion  of  the  earth,  because  it  appears 
incomprehensible,  he  must  necessarily  admit  of 
motions  ten  hundred  thousand  times  greaterand  far 
more  incomprehensible,  more  especially  when  we 
consider  that  the  bodies  in  the  heavens  to  which  wa 
have  alluded  are  incomparably  greater  than  this 
globe  of  earth  on  which  we  stand, — the  planet 
Uranus  being  more  than  eighty  times,  and  the  sun 
more  than  thirteen  hundred  thousand  times  larger 
than  the  earth,  and  the  fixed  stars,  at  an  average, 
as  large  as  the  sun.  Such  a  rate  of  motion,  in 
such  a  number  of  magnificent  luminaries,  appears 
altogether  overwhelming,  and,  I  may  add  altoge- 
ther incredible. 

The  question  then  which  we  have  to  decide  is, 
which  of  the  motions  to  which  we  have  referred 
is  most  probable — ^the  motions  of  the  earth,  or  of 
the  heavens?    Is  it  really  necessary  that  tlie  whole 


•  If  I  lie  circle  C  D  E  represent  the  circle  which  the  sun 
apparently  >lescrll)es  in  revolving  round  the  earth,  PC,  its 
distance  from  the  center  of  the  earth,  represent  9.>,0n0,000 
of  miles,  and  the  diameter  of  the  circle  C  E  190,1)00,0001 
and,  as  the  proportion  of  the  diameter  of  a  circle  to  its  cir. 
cumference  is  nearly  as  7  to  22,  the  circumference  of  ihei 
sun's  circle,  CUE  will  be  about  597,000,000  of  miles,  tliiough 
which  he  behooved  to  travel  every  day,  if  the  eaith  wen  at 
rest. 
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aniverse,  composed  of  sun,  moon,  ])Ianets,  comets, 
stars,  and  nebulae,  should  move  round  our  globe 
with  such  astonishing  velocities,  in  order  to  pro- 
duce tlie  alternate  succession  of  day  and  night? 
Reason  tells  us  that  it  is  not.  We  know  that  the 
Almighty  does  nothiiig  in  vain,  but  employs  the 
jnosl  simple  means,  in  order  to  accomplish  the 
most  astonishing  and  important  ends.  Tlie  suc- 
cession of  day  and  night  can  be  accomplished  by 
a  simple  rotation  of  the  earth  on  its  axis,  which 
will  completely  account  for  all  the  apparent  diur- 
nal revolutions  of  the  celestial  bodies.  This  we 
find  to  he  actually  the  case  with  the  other  planets 
of  the  solar  system.  The  planet  Jupiter  is  four- 
teen hundred  times  larger  tlian  the  earth,  and 
moves  round  its  axis  in  less  than  ten  hours,  at  the 
rate  of  28,00U  miles  an  hour,  which  is  a  velocity 
twenty-eight  times  greater  than  that  of  the  earth, 
supposing  it  to  move  round  its  axis.  Tlie  planet 
Saturn  is  nearly  a  thousand  times  larger  than  our 
globe,  and  it  revolves  round  its  axis  in  ten  hours 
and  a  half,  at  the  rate  of  24,000  miles  an  hour,  in 
those  places  situate  near  its  equator.  To  a  specta- 
tor placed  on  these  planets,  the  heavens  would  ap- 
pear to  revolve  around  him  every  ten  hours,  as 
they  appear  to  us  to  revolve  every  twenty-four 
hours,  but  with  an  apparently  more  rapid  motion; 
while  he  himself  might  suppose,  as  we  are  apt  to 
do,  that  he  is  actually  at  rest.  The  earth,  there- 
fore must  be  considered  as  revolving  round  its 
axis,  in  accordance  with  the  arrangements  of  the 
other  planets  of  the  system  to  which  it  belongs; 
and  to  suppose  otherwise,  would  be  in  opposition 
to  all  the  laws  which  govern  the  material  universe, 
and  would  distort  all  our  ideas  of  the  harmony 
and  order  of  the  works  of  the  Creator. 

2.  Another  consideration  which  demonstrates 
the  diurnal  motion  of  the  earth  is  this:  that  such 
a  rate  of  motion  in  the  heavenly  hodies,  as  has 
now  been  stated,  though  it  might  be  within  the 
limits  of  Divine  power  to  effect,  would  soon  shat- 
ter the  material  universe  to  atoms,  and  reduce  crea- 
tion to  a  chaos.  Were  a  ball  of  soft  wood  to  be 
projected  from  a  cannon,  at  the  rate  of  800  miles 
per  hour,  in  a  few  moments  it  would  be  reduced 
to  splinters;  and  hence  the  forage  and  other  light 
substances  projected  from  a  piece  of  ordnance 
are  instantly  torn  to  pieces.  What  then  might  be 
supposed  to  be  the  consequences,  were  a  body  im- 
pelled through  the  ethereal  regions  with  a  velocity 
of  a  hundred  thousand  millions  of  miles  in  a  mi- 
nute, as  multitudes  of  the  stars  behooved  to  be, 
were  the  earth  at  rest  in  the  center  of  the  uni- 
verse? It  would  undoubtedly  reduce  to  atoms 
the  most  compact  bodies  in  creation,  althongii  they 
were  composed  of  substances  harder  tlian  ada- 
mant. 

3.  Another  corroborative  argument  in  support 
of  the  motion  of  the  earth  is  this,  that  there  is  no 
instance  known  in  tlie  universe  of  a  latijer  body  re- 
volvincf  around  a  smaller.  We  do  not  find  such 
planets  as  Jujtiter  and  Saturn  revolving  around 
their  satellites,  or  moons;  but  all  those  satellites 
which  are  much  smaller  than  these  planets,  per- 
form their  revolutions  around  them,  as  the  center 
of  their  motions.  The  earth,  which  is  fifty  times 
greater  than  the  moon,  does  not  revolve  around 
hei,  but  that  nocturnal  luminary  regularly  re- 
volves around  the  earth.  The  sun  does  not  revolve 
around  the  planets  Mercury  and  Venus — which  are 
thousands  of  times  less  tlian  that  luminary — but 
they  invariably  revolve  around  him  as  the  cen-^ 
ter  of  light  and  influence.  As  the  sun  is  ono 
million  three  hundred  thousand  times  larger  than 
tho  earth,  it  cannot  therefore  be  supposed  for  a 
momout,  that  such  an  enormous  globe  should  re- 


volve, with  such  an   inconceivably  rapid  motion, 
around  so  inconsiderable  a  ball  as  the  earth;   and 
much  less  that  tho  whole  universe  should  revolve 
around  it  every  day.     Were  the  earth  not  revolv- 
ing around  its  axis  every  day,  there  would    be  an 
infraction  of  all  the  laws  which  govern  the  sys- 
tem of  universal  nature;  and  therefore  it  is  abso- 
lutely necessary  to  admit  its  motion,  in  order  to 
direct  our  views,  and  to  produce  conviction  of  the 
unity  of  design,  and  of  the  harmony  of  creation. 
4.   The  lust  argument  I  shall  mention    in  the 
meantime,  and  which  I  consider  as  demonstrative 
on  this  subject,  is   this — that  if  the  earth  were  at 
rest,  and  all  the  heavenly  bodies  revolving  around 
it  with  dreadfully  rapid  motions,  it.  would  confound 
all  our  ideas  of  the  insdom  and  intelligence  of  the 
Deity.     Wisdom  is  that  perfection  of  an  intelli- 
gent agent,  which  enables  him   to    proporti'onate 
one  thing  to  another,  and  to   devise  the  most  ap- 
propriate   means    to    accomplish  important  ends. 
We  should  reckon  that  person  foolish  in  the  ex- 
treme who  should  construct,  at  an  enormous  ex- 
pense, a  huge  piece    of  machinery  for  carrying 
round  a  grate,  and  the  body  of  a  large  building 
to  which  it  is  attached,  for  the  purpose  of  roasting 
a  small  fowl,  fixed  in  the  center  of  its  motions; 
instead  of  making  the  fowl  turn  round  its  differ- 
ent sides  to  the  fire.     Were    the   inhabitants   of 
London  or  any  large  town,  to  attempt  to  construct 
machinery  to  make  the  whole  city  move  round  ia 
a  circle,  carrying  a  lamp  near  the  center  to  throw 
light  and  heat  over  a  ball  of  only  one  inch  in  dia- 
meter, when  the  same  purpose  could  have  easily 
been  effected  by  making  the  ball  itself  turn  round 
its  axis;  we  should  not  hesitate  a  moment  in  pro- 
nouncing such  a  scheme  as  a  display  of  consum- 
mate folly.     But  none  of  these  schemes  would  be 
half  so  preposterous  as  to  suppose  the  vast  uni- 
verse to  move  round  so  inconsiderable  a  globe  as 
tlie  earth,  to  produce  the  alternate  succession  of 
day  and  night,  when  the  same  object  can  be  effect- 
ed by  the  earth's  simply  revolving  around  its  axis. 
Such  a  device,  therefore,  cannot  form   any  part 
of  the   arrangements  of   Infinite  Wisdom.     Can 
we  suppose  for  a   moment   that  what  would  be 
considered  as  the  consummation  of  folly  in  man- 
kind, is  characteristic  of  the  plans  and  operations 
of  the  Divinity,  or  that  the  great  Source  of  eter- 
nal wisdom  is  to  be  leveled   below  the  most  fool- 
ish of  men?     Such  a  thought  can  never  be   ad- 
mitted by  any  of  his  intelligent  offspring,  in  rela- 
tion to   Him  who  is  designated  "  the  only  wjse 
Gon,"  who  "is  wonderful  in  counsel,  and  excel- 
lent in  working,"  and  "who  hath  established  the 
world  by  his  wisdom,  and  stretched  out  the  heaven 
by  his   understanding."     If  it  could    be    proved 
that  the  earth  is  at  rest,  and  the  whole  universe 
in  motion  around  it,  I  should  scarcely  admit  that 
the   world    was    framed   by   that    all-wise  Being 
whose  character  is  delineated  in  the  sacred  Scrip- 
tures, whose  wisdom  as  far  transcends  that  of  man 
as  the  heavens  are  high  above  the  earth. 

I  have  been  somewhat  particular  in  exhibiting 
the  arguments  wliich  prove  that  the  earth  is  a 
moving  body,  because,  in  some  minds,  there  is  a 
great  hesitation  in  admitting  this  fact,  and  io 
others,  a  disposition  to  receive  it  merely  on  the 
testimony  of  other  men,  without  understanding 
the  foundation  on  which  it  rests;  and  because 
right  views  and  conceptions  of  such  facts  lead  to 
right  conceptions  of  the  operations  and  the  attri- 
butes of  that  almighty  Being  whom  we  profess 
to  adore.  I  shall  take  an  opportunity  of  stating 
the  arguments  which  prove  the  annual  motion  of 
the  globe  round  the  sun,  when  we  come  to  de- 
scribe the  earth  considered  as  a  planet. 
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SECTION    III. 

REFliCTIONS    SUGGESTED    BY    THE    MOTIONS  OF   THE 
EARTH    AND    HEAVENS. 

We  have  now  endeavored  to  prove  to  the  intel- 
ligent reader,  that  the  vi'orld   in  wliich  we  dwell, 
with    all  its  continents,  islands,  oceans,  and   its 
numerous    population,    is   continually    revolving 
around  its  axis  to  bring;  about  the  returns  of  day 
and  night.    It  is  also  flying  with   a  still   greater 
velocity  around  the  sun,  to  produce  the  various 
changes  of   the    seasons.     Wliat   an  august   and 
sublime  idea  does  this  suggest  for  our  occasional 
contemplation  !      While  we  are  apt  to  imagine  we 
are  sitting  in  absolute  rest  in  our  apartments,  we 
are  in  reality  whirling  round  toward  the  east  at 
the  rate  of  hundreds  of  miles  an  hour;  and  are, 
at  the  same  time,  carried  through  the  regions  of 
space    with   a   velocity    of   sixty-eight   thousand 
miles  every  hour;  so   that  during  every  moment, 
or  every  pulse  that  beats  within  us,  we  are  carried 
nearly  twenty  miles   from  that  portion   of  space 
we  occupied  before.'    When  we  lie  down  to  sleep 
in  the  evening,  we  are  seldom  aware  that,  during 
our  seven   hours'  repose,  we  have  been  carried 
along  through    the    space    of  four  hundred   and 
seventy  thousand  miles  !  When,  amidst  the  gloom 
of  winter,  we  look  forward  to  the  cheering  scenes 
of  spring,  we  must  he  carried  forward  more  than 
a  hundred  millions  of  miles,  before  we  can  enjoy 
the    pleasures  of  that  season;  and    when    spring 
arrives,  we  must  be  carried  through   the  voids  of 
space,  hundreds  of  millions  more,  before  we  can 
enjoy  the  fruits  of  harvest.     During  every  breath 
we  draw,  and  every  word  we  speak,  we  are  carried  ' 
forward  in  our  course  thirty,  forty,  or  fifty  miles, 
unconscious  of  the  rapidity  of  our  flight;  but  the 
motion  is  not  the  less  real,  because  we  do  not  feel  j 
it.     What  should  we  think  if  we  beheld    one  of  ' 
the  largest  mountains  in  Scotland  flying  through 
the  atmosphere,  across  the  island  of  Great  Britain, 
with  a  velocity  which  would  carry  it  from  John- 
o'-Groat's  to  the  Land's  End,  a  distance  of  seven 
hundred    miles,    in   seven    minutes?     It   would,  ! 
doubtless,  excite  universal  wonder  and  astonish- 
ment.    But  this  is  not  one-tenth  part  of  the  velo- 
city with  which  the  great  globe  of  the  earth,  and 
all  that  it  contains,   flies  through  the  boundless 
regions  of  space.     Were   we    placed  on   a   fixed 
point,  a  thousand   miles  distant  from   the  earth, 
and  beheld  this  mighty  globe,  with  all  its  magni- 
ficent scenery  and  population,  thus  winging  its 
flight  around  the  sun,  and   carrying    the    moon 
along  with  it  in  its  rapid  career,  such  a  spectacle 
would  overwhelm  us  with  astonishment  inexpres- 
sible,   and   even   with   emotions  of    terror,    and 
would  present  to  view  a  scene   of  sublimity  and 
grandeur  beyond  the  reach  of  our  present  concep- 
tions.   To  angels,  and  other  superior  intelligences, 
when  winging  their  flight  from   heaven  to  earth, 
and  through  distant  worlds,  such  august  scenes 
may  be  frequently  presented. 

Although  the  heavens  do  not  in  reality  move 
round  the  earth,  as  they  appear  to  do,  yet  there 
are  thousands  of  globes  in  the  celestial  regions 
whose  real  motions  are  more  swift  and  astonish- 
ing than  even  those  to  which  we  have  now  re- 
ferred. The  planet  Venus  moves  in  its  orbit  with 
a  velocity  of  eighty  thousand  miles  an  hour; 
Mercury  at  the  rate  of  one  hundred  and  nine 
tliousand  miles  an  hour;  and  the  planet  Jupiter, 
which  is  one  thousand  four  hundred  times  larger 
tlian  the  earth,  at  the  rate  of  nearly  thirty  thou- 
sand miles  an  hour,  carrying  along  with  it  in  its 
course,  four  globes,  each  larger  than  our  moon. 


'  Some  of  the  comets  have  been  found  to  move 
more  than  eight  hundred  thousand  miles  in  the 
space  of  an  hour;  and  some  of  the  fixed  stars, 
though  apparently  at  rest,  are  moving  with  a  ve- 
locity of  many  thousands  of  miles  an  hour.  In 
short,  we  have  every  reason  to  believe  that  there 
is  not  a  globe  in  the  universe,  nor  a  portion  of 
matter  throughout  creation,  but  is  in  rapid  and 
perpetual  motion  through  the  spaces  of  infinity, 
supported  by  the  arm  of  Omnipotence,  and  ful- 
filling the  designs  for  which  it  was  created. 

If  we  inquire  info  the  original  cause  of  these 
motions,  we  shall  find  that  no  other  cause  can  be 
assigned  but  the  fiat  and  the  power  of  that  omni- 
potent Being  who  at  first  said,  "Let  the  universe 
aj)pear,''  and  it  started  into  being.  As  matter  did 
not  make  itself,  so  neither  can  it  move  itself;  its 
motion  must  commence,  and  can  only  be  conti- 
nued every  moment,  by  the  power  of  that  almighty 
Being  who  brought  it  into  existence.  He  alone 
who  existed  from  eternity,  whose  power  is  uncon- 
trollable, and  whose  wisdom  is  unsearchable,  is 
the  original  Source  of  all  motion,  as  he  is  the 
Source  of  all  life  and  animation.  By  his  omnipo- 
tent arm  the  planets  were  at  first  launched  into 
existence,  and  impelled  in  their  swift  career,  and 
the  motion  at  first  communicated,  is  every  mo- 
ment continued  by  the  incessant  agency  of  the 
same  almighty  Power.  Were  that  Power  to  with- 
draw its  energy,  or  the  subordinate  means  by 
which  it  is  appointed  to  be  continued,  the  universe 
would  soon  run  into  confusion,  and  creation 
be  transformed  into  a  chaos.  But  God,  who 
"  stretched  out  the  heavens,  and  laid  the  founda- 
tions of  tlie  earth,"  hath  appointed  them  a  decree 
which  they  cannot  pass,  and  they  continue  to  this 
day,  according  to  his  ordinances,  for  all  are  his 
servants.     Psalm  cxix.  91. 

What  a  scene  of  wonders  is  presented  to  view 
vi'hen  we  contemplate  the  motions  incessantly 
going  forward  throughout  creation  ! — that  thou- 
sands.of  globes,  much  larger  than  our  world,  are 
winging  their  flight  witii  unremitting  speed, 
through  the  regions  of  immensity,  at  a  rate  which 
overwhelms  the  human  imagination!  What  an 
astonishing  idea  does  tliis  convey  of  the  energies 
of  the  Eternal  Divinity,  who  at  first  launched  this 
earth  and  all  the  planetary  globes  from  his  power- 
ful hand  !  He  only  "spake,  and  it  was  done;" 
and  for  thousands  of  years  such  motions  have 
been  continued  without  intermission  !  Well  may 
we  exclaim,  with  the  inspired  writers,  "  Who  can 
by  searching  find  out  God?" — "Who  can  utter 
the  mighty  acts  of  the  Lord  ?  who  can  show 
forth  all  his  praise  ?" 

There  are  certain  practical  instructions  which 
may  be  deduced  from  this  subject.  The  power 
of  God,  as  displayed  in  the  motions  of  the  earth 
and  heavens,  teaches  us  that  nothing  can  be  too 
hard  for  Jehovah,  and  that  all  the  declarations  of 
his  word,  however  wonderful  and  inexplicable  to 
mortal?,  shall,  in  due  timo,  receive  their  full  ac- 
complishment. We  are  assured,  by  the  declara- 
tion of  the  sacred  oracles,  that  a  period  is  approach- 
ing when  all  the  millions  of  the  human  race, 
whose  bodies  are  now  putrefying  in  the  grave, 
and  all  the  succeeding  generations  of  men  until 
the  close  of  time,  shall  be  reanimated  from  the 
tomb,  and  arrayed  in  more  glorious  forms  than 
they  now  wear.  We  are  also  assured  that  this 
globe,  on  which  we  now  reside,  is  destined  to  un- 
dergo an  important  and  universal  change,  when 
its  elementary  parts  "shall  melt  with  fervent 
heat,"  and  "  the  earth  also,  and  the  works  that 
are  therein  shall  be  burned  up,"  as  to  their  present 
constitution  and  aspect,  and  that  a  new  arrange- 
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ment  will  take  place,  in  reference  to  the  habita- 
tion to  be  allotted  to  tlie  righteous.  We  perceive 
no  symptoms  of  such  changes  at  present;  we 
have  never  seen  any  of  the  dead  rise  to  life,  after 
their  bodies  had  mingled  with  the  dust,  and  the 
ashes  of  some  of  them  been  scattered  by  the 
winds  over  different  regions  of  the  sea  and  land; 
and  therefore  doubts  are  apt  to  arise  in  the  mind, 
whether  sucii  wonderful  transformations  are  pos- 
sible to  be  effected.  But  ail  such  doubts  are  at 
once  dispelled,  when  we  consider  tiie  perfections 
of  Jehovah  as  displayed  in  the  structure,  and  par- 
ticularly in  the  movements  of  the  universe,  which 
afford  us  a  sensible  demonstration,  that  nothing, 
however  inexplicable  to  us,  can  be  beyond  the 
range  of  Omnipotence.  Therefore,  we  may  rest 
assured  that,  when  the  time  appointed  in  the  de- 
cree of  Heaven  arrives,  that  power  which  carries 
the  earth  and  all  the  celestial  orbs  in  tiieir  rapid 
motions  through  the  sky,  shall  be  exerted  in  re- 
animating all  the  generations  of  mankind,  now 
sleeping  in  the  tomb;  in  producing  a  most  won- 
derful change  in  the  aspect  of  this  terraqueous 
globe;  and  in  causing  "new  heavens  and  a  new 
earth"  to  arise,  wherein  righteousness  shall  dwell 
forever.  For  that  power  which  carries  thousands 
of  vast  globes  through  the  regions  of  immensity. 


with  velocities  of  a  hundred  thousand  miles  in 
tlie  short  space  of  an  hour,  must  be  more  than 
adequate  to  accomplish  all  the  glorious  scenes 
and  transformations  predicted  in  the  records  of 
the  Christian  revelation.  The  Christian  may 
therefore  rely  with  unshaken  confidence  on  all 
the  "  great  and  precious  promises"  contained  in 
tiie  Scriptures  of  truth,  which  are  given  forth  by 
Him  whose  faithfulness  is  established  in  the  very 
heavens,  and  who  "  keepeth  covenant  and  mercy 
with  them  that  love  him  and  keep  his  command- 
ments to  a  thousand  generations,"  and  therefore 
cannot  fail  of  ultimately  receiving  their  full  ac- 
complishment. Well,  therefore,  may  the  believer 
in  Christ  exclaim — 

"If  my  immortal  Saviour  lives, 
Then  my  immorla!  life  is  sure: 
His  word  a  firm  foundation  gives; 
Here  let  me  build  and  Test  secure. 

"Here  let  my  failh  unshaken  dwell: 
Immovable  the  promise  stands; 
Nor  all  the  powers  of  earth  and  hell 
Can  e'er,  dissolve  the  sacred  bands. 

"  Here,  O  my  soul,  thy  tru>t  repose! 
If  Jesus  is  for  ever  mine. 
Not  death  itself,  that  last  of  foes, 
Shall  break  a  union  so  divine." 


CHAPTEK    III. 


DESCRIPTION    OF   THE    SUN— OF    THE   INFERIOR   PLANETS— AND    OF  THE 

EARTH  AND    MOON. 


When  we  take  a  particular  survey  of  the  starry 
heavens,  we  find  that  the  stars,  in  general,  never 
shift  their  positions  from  each  other.  They  ap- 
pear to  move  round  us  in  one  compact  body,  as 
the  figures  of  the  constellations  do  on  a  celestial 
globe,  when  it  is  turned  round  its  axis;  but  the 
stars  belonging  to  one  constellation  never  move 
toward  those  of  another,  nor  change  their  dis- 
tances from  each  other.  If  we  direct  our  atten- 
tion to  the  stars  of  the  Great  Bear,  for  example, 
(see  fig.  1),  we  shall  find  that,  at  all  hours  of 
the  day  and  night,  and  at  every  season  of  the 
year,  they  present  the  same  definite  figure,  and 
the  same  relative  position  to  each  other,  without 
any  sensible  variation  of  distance  or  magnitude; 
and  the  same  may  be  observed  from  one  year  to 
another.  Hence,  they  are  usually  denominated 
"  the  fixed  stars."  But  when  we  observe  the 
heavens  with  still  more  accuracy  and  minuteness, 
we  shall  occasionally  perceive  a  few  bodies,  hav- 
ing the  appearance  of  stars,  which,  when  care- 
fully watched,  for  a  few  weeks  or  montlis,  will  be 
found  shifting  their  positions  with  respect  to  the 
surrounding  stars.  In  most  cases,  their  motion 
is  toward  the  east,  but  not  unfrequently  toward 
the  west,  and,  at  certain  times,  no  motion  can  be 
observed  for  a  considerable  number  of  days.  The 
bodies  which  are  thus  perceived  to  change  their 
positions  among  the  stars  are  called  planets; 
which  word  signifies  "  wandering  stars." 

There  are  ten  orbs  of  this  description  which 
have  been  traced  in  the  heavens,  and  whose  mo- 
tions have  been  accurately  ascertained.  Only  five 
of  these  bodies  are  visible  to  the  naked  eye:  the 
other  five  can  be  seen  only  with  telescopes.  The 
five  planets  visible  to  the  unassisted  eye  were 
known  to  the  ancients,  who  gave  them  the  fol- 
lowing names,  derived  from  the  heatlien  mytho- 


logy; namely,  Mercury,  Venus,  Mars,  Jupiter,  and 
Saturn.  The  other  five  were  discovered  by  means 
of  the  telescope,  within  the  space  of  the  last 
seventy  years.  They  are  named  Vesta,  Juno, 
Ceres,  Pallas,  and  Uranus.  By  a  careful  investi- 
gation of  the  motions  and  other  phenomena  of 
these  bodies,  astronomers  have  ascertained  that 
they  all  move  round  the  sun  as  the  center  of  their 
motions;  and,  along  with  the  earth,  and  nineteen 
smaller  globes,  form  one  grand  and  harmonious 
system,  with  which  we  who  live  on  the  terra- 
queous globe  are  intimately  connected.  The 
central  orb  which  enlightens  these  moving  bodies, 
and  by  its  influence  preserves  them  in  harmony 
and  order,  is  the  same  sun  that  enlightens  our 
day,  and  diffuses  life  and  animation  among  all 
the  animal  and  vegetable  productions  of  our 
globe.  These  bodies,  although  they  sometimes 
appear  in  different  and  even  opposite  regions  of 
the  heavens,  occupy  but  a  very  small  space,  as  to 
the  range  of  their  motions,  compared  with  that 
which  is  occupied  by  the  fixed  stars.  The  whole 
assemblage  of  these  moving  orbs,  including  the 
earth,  is  what  is  generally  denominated  The 
Solar  System,  of  which  we  shall  now  proceed 
to  give  a  general  description,  beginning  at  the 
center  of  the  system,  and  proceeding  to  the  differ- 
ent planets  as  they  lie  in  order. 


SECTION    I. 
The  sun. 

The  sun  is  the  grand  center  and  animating 
principle  of  the  planetary  system,  around  which 
all  the  planets  revolve,  at  different  distances,  and 
in  different  periods  of  time;  and  by  whose  attract- 
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Ing  influence  they  are  retained  in  their  respective 
drbits  From  this  source  they  all  derive  liglitand 
heat,  and  ail  tlie  other  iuflLiences  requisite  to  fit 
them  for  being  habitable  worlds. 

Amongall  the  objectsofthevisiblecreation, there 
is  none  whose  beauty  is  so  niucli  admired,  and 
whose  benign  influence  is  so  generally  ap])r(:'ciat- 
ed,  as  the  sun.  Every  day  this  glorious  orb  visits 
us  with  his  cheering  beams,  dispels  the  shades  of 
night,  and  diffuses  joy  and  animation  among  all 
the  tribes  of  sensitive  e.xistence;  without  wliose 
powerful  energy,  our  world  would  soon  become  a 
dark  and  shapeless  chaos,  without  life,  order  or 
enjoyment.  But  the  splendor  of  this  luminary, 
and  the  benefits  it  confers,  are  so  common  and  so 
regularly  continued,  that  we  are  apt  to  view  tht^m 
with  indifference;  and  we  seldom  contemplate, 
with  the  eye  of  an  enlightened  understanding,  the 
wonderful  nature  of  that  globe  on  which  sur- 
rounding worlds  depend  for  all  the  comforts  and 
beneficial  agencies  they  enjoy.  To  the  vulgar 
eye,  the  solar  orb  appears  only  like  a  flat  lumin- 
ous circle  of  a  few  inches  diameter;  and  there 
are  thousands  of  mankind  who  consider  it  in  no 
other  light  than  as  a  brilliant  lamp,  of  no  great 
size,  hung  up  in  the  firmament  to  give  us  light 
by  day,  and  to  enable  us  to  prosecute  our  daily 
labors.  Even  minds  of  a  more  elevated  and  re- 
flecting cast  have  seldom  entered  into  all  the  sub- 
lime ideas  connected  with  the  nature  and  proper- 
ties of  this  august  luminary;  and  it  is  questionable 
whether  the  greatest  astronomer  now  existing  is 
capable  of  forming  a  conception  of  the  magnitude 
and  sublimity  of  the  solar  orb,  corresponding  to 
its  vast  extent  and  its  real  grandeur,  as  the  soul, 
and  center,  and  connecting  principle  of  mighty 
worlds. 

Of  the  magvitude  of  this  stupendous  globe 
arithmetical  numbers  can  scal-cely  convey  to  us 
an  adequate  idea;  but  we  may,  in  the  first  place, 
state  its  dimensions  in  numbers.  Its  diameter,  or 
a  line  passing  through  its  center  from  one  side  to 
another,  is  found  to  be  880, 0€0  miles.  Its  circum- 
ference, or  a  line  going  quite  rownd  it,  is  2,7G4,G00 
miles.  Its  surface  contains  2,432,800,000,000  of 
square  miles;  that  is,  more  than  twelve  thousand 
times  the  number  of  square  miles  on  our  globe. 
Its  solid  contents  comprehend  .S5G, 81 8,739,200,- 
000,000  or  three  hundred  and  fifty-six  thousand 
billions  of  cubical  miles;  that  is,  i,.'J50,000  times 
the  number  of  solid  miles  which  the  terraqueous 
globe  contains;  so  tliat  were  one  million  three 
hundred  and  fifty  thousand  globes  as  large  as  the 
#>arth  to  be  compacted  into  one  globe,  it  would 
only  equal  the  size  of  the  sun!  Some  of  these 
dimensions  may  be  somewhat  illustrated  as  fol- 
lows: Suppose  a  person  to  move  round  the  sun's 
circumference  at  the  rate  of  forty-five  miles  every 
day,  it  would  require  more  than  one  hundreil  and 
sixty  years  before  the  circuit  could  be  completed. 
Suppose  one  were  to  traverse  the  whole  surface 
of  this  luminary,  so  as  to  pass  over  every  square 
mile  on  its  surface,  at  the  rate  of  sixty  miles  a 
day,  it  would  require  more  than  a  hundred  millions 
of  years  before  such  an  object  could  be  accom- 
plished. It  i?  stated  that  the  splendid  view  from 
Mount  Etna  comprehends  a  circle  two  hundred 
and  forty  miles  in  diameter,  containing  45,240 
square  miles.  Now  this  is  only  the  fifty-three 
millionth  part  of  the  surface  of  the  sun;  so  that 
more  than  fifty-three  millions  of  landscapes,  such 
as  beheld  from  the  top  of  Etna,  must  pass  before 
us  ere  we  could  contemplate  a  surface  as  exten- 
sive as  that  of  the  sun.  Were  we  to  suppose 
ever)'  such  landscape  to  occup^y  two  hours  in  the 
contemplation,  it  would  require  twelve  thousand 


two  hundred  and  seventy-five  years — without  the 
least  intermission — or  more  than  double  the  tim© 
which  has  ela|)sed  since  the  Mosaic  creation, 
before  the  whole  surface  of  this  immense  globe 
could  be,  in  this  rapid  manner,  surveyed.  The 
magnitude  of  this  luminary  may  also  be  illustra- 
ted from  the  following  comparison:  The  earth 
contains  about  two  hundred  and  sixty-four  thou- 
sand millions  of  cubical  miles;  the  planet  Jupiter 
is  fourteen  hundred  times  larger  than  the  earth; 
Saturn  is  about  a  thousand  times;  and  Uranus 
about  eighty  times  larger  than  the  earth:  yet  the 
sun  is  found  to  be  more  than  five  hundred  times 
larger  than  those  planets,  and  all  the  other  planets, 
moons,  and  comets  of  the  solar  system  taken 
together. 

If  it  be  asked  why  the  sun  appears  so  small  to 
our  eyes,  if  it  is  indeed  so  immense  a  globe,  it  is 
easily  answered,  that  this  is  owing  to  its  immense 
distance  from  our  world.  This  distance  is  no  less 
than  ninetj'-five  millions  of  miles, — a  distance  of 
whicli  the  mind  can  form  only  a  very  inadequate 
conception.  It  may  be  somewhat  illustrated, 
however,  as  follows:  A  cannon  ball,  at  its  utmost 
speed,  when  it  leaves  the  mouth  of  a  cannon,  is 
calculated  to  fly  at  the  rate  of  about  five  hundred 
miles  an  hour;  but  it  would  require  such  a  moving 
body — though  flying  contiiuudly  with  this  velo- 
city— twenty-one  years  and  two  hundred  and 
forty-five  days  before  it  could  reach  the  sun. 
This  may  be  further  illustrated  by  motions  with 
which  we  are  more  familiar.  Sup|)ose  a  steam- 
carriage  to  set  out  from  the  earth  in  the  direction 
of  the  sun,  and  to  move,  without  intermission,  at 
the  rate  of  four  hundred  and  eighty  miles  every 
day,  it  would  require  five  hundred  and  forty-seven 
3-ears  before  it  could  traverse  the  space  which  in- 
tervenes between  us  and  that  distant  luminary. 
How  wonderful,  then,  that  the  sun,  at  such  a  dis- 
tance, should  exert  his  attractive  ])Ower  upon  the 
earth — fructify  the  soil — raise  tides  in  the  ocean — 
and  tliffuse  light,  and  heat,  and  color,  and  anima- 
tion, over  all  its  regions  !  And  not  only  so,  but 
even  on  the  remotest  planet  of  the  system,  at  the 
distance  of  eighteen  hundred  millions  of  miles, 
similar  influences  are  produced  by  the  agency  of 
this  august  luminary! 

Are  we  startled  at  the  vast  distance  and  dimen- 
sions of  the  solar  orb  wluch  we  haVe  now  stated? 
and  are  we  apt  to  doubt  whether  tlie  representa- 
tions we  have  given  be  accordant  with  fact?  We 
ought  to  consider  that  He  who  made  the  sun,  and 
adorned  him  with  the  splendor  he  exhibits,  is 
"  The  Lord  Goo  Omnipotent,"  the  extent  of 
whose  power  and  wisdom  none  can  comprehend; 
and  that  the  sun  required  to  be  of  such  a  magni- 
tude to  give  stability  to  the  system  of  which  he  is 
the  center;  and,  according  to  the  laws  he  hath 
impressed  upon  the  material  world,  to  retain  sur- 
rounding worlds  in  the  paths  prescribed  them, 
and  to  dispense  to  them  all  those  influences  which 
they  require.  If  we  are  astonished  at  the  magni- 
tude of  the  sun,  how  must  our  admiration  be 
raised  when  we  consider  that  this  globe  is  only 
one  out  of  millions  of  similar  globes  which  exist 
in  the  universe!  For  every  star  that  adorns  our 
firmament  is,  on  good  grounds,  concluded  to  be  a 
sun,  no  less  spacious  and  luminous  than  that 
which  enlightens  our  day;  and  has,  doubtless,  a 
retinue  of  planetary  globes  revolving  around  it,  as 
the  center  of  light  and  influence. 

Nature  and  physical  constitution  of  the  Sun. — Of 
the  real  nature  of  this  luminary  we  have  hitherto 
acquired  but  very  imperfect  conceptions.  But 
since  the  invention  of  the  telescope,  our  know- 
ledge of  its  constitution  has  been  somewhat  en- 
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.ftrged.  We  no  longer  view  tne  sun  as  a  ball  of 
liquid  fire,  as  had  sometimes  been  supposed,  but  as 
a  solid  body,  composed  of  different  materials,  in 
which  wonderful  processes  are  going  forward  on 
an  extensive  scale,  for  preparing  and  pierpetuating 
that  light  and  heat  which  are  destined  to  cheer 
and  illuminate  surrounding  worlds.  When  the 
Bun  is  viewed  by  means  of  a  telescope,  spots  of 
various  kinds  are  perceived  upon  its  surface. 
These  spots  appear  first  on  its  eastern  margin, 
when  they  appear  narrow  and  somewhat  obscure; 
they  move  gradually  onward  to  the  center  of  the 
disc,  when  they  appear  largest  and  most  dis- 
tinct; afterward  they  proceed  toward  the  western 
limb,  where  they  again  appear  narrow  and  ob- 
scure; and  after  a  period  of  about  thirteen  days, 
from  their  first  appearance  on  the  eastern  edge, 
they  disappear  from  the  western  limb;  and,  in 
many  cases,  they  again  appear  on  the  eastern 
limb,  after  the  same  period  of  thirteen  days.  But 
they  are  frequently  somewliat  changed  in  their 
aspect  before  they  reappear;  and,  in  numerous 
instances,  after  disappearing  from  the  sun's  west- 
ern boundary,  they  are  never  again  visible  in  the 
same  shape;  but  other  spots, at  uncertain  intervals, 
are  seen  diversifying  the  solar  disc;  though  not 
unfrequentlyscarceiy  a  single  spot  is  to  be  seen  over 
the  whole  surface  of  the  sun.  The  spots  appear- 
ing narrower  and  less  distinct  on  the  eastern  and 
western  limbs,  is  owing  to  our  viewing  obliquely 
these  parts  of  the  sun's  surface.  The  conclusions 
to  be  deduced  from  these  circumstances  are,  1st, 
that  the  sun  is  a  globe,  and  not  a  flat  surface,  as 
it  appears  to  the  naked  eye,  otherwise  the  spots 
would  appear  equally  large  and  distinct  on  every 
part  of  its  surface.  2d.  That  this  luminary 
moves  round  its  axis  in  tiie  same  direction  as  the 
rotation  of  the  planets;  for  its  spots  do  not  shift 
their  places  on  its  disc,  but  are  carried  along  with 
the  whole  body  of  the  sun.  The  lime  of  the  ap- 
parent revolution  of  these  spots  is  27  days,  8  hours; 
but  the  real  period  of  the  sun's  rotation  is  25  days, 
9  hours,  56  minutes;  and  therefore,  the  places 
about  the  sun's  equator  move  at  the  rate  of  four 
thousand  five  hundred  and  thirty-two  miles  an 
hour.* 

The  solar  spots  are  of  all  sizes,  and  of  different 
shapes:  their  size  is  from  g^^T^th  to  -^^ih  of  Die 
sun's  diameter.  The  smallest  of  those  spots  which 
can  be  distinctly  seen,  are  nearly  a  thousand  miles 
in  diameter.  Spots,  the  one-fiftieth  part  of  the 
diameter  of  the  sun — which  we  have  frequently 
seen — are  17,600  miles  in  diameter,  or  more  than 
double  the  diameter  of  the  earth;  and  if  tiie  spot 
be  considered  only  as  a  plane,  and  somewhat  cir- 
cular, it  will  contain  more  than  two  hundred  and 
forty-three  thousand  square  miles,  which  is  con- 
siderably more  than  the  area  of  the  wliole  terra- 
queous globe;  and  yet  sometimes  a  spot  of  this 
vast  size  will  disappear  in  a  few  weeks,  and  not 
unfrequently  in  a  few  days.  Sometimes  not  a 
single  spot  is  to  be  seen  on  the  solar  disc  for  weeks 
and  even  for  months  together;  at  otiier  limes,  we 
have  seen  above  one  hundred  spots  of  all  sizes  dis- 
persed over  the  face  of  the  sun  at  one  time.  In 
such  cases,  there  are  generally  five  or  six  large 
spots,  such  as  that  alluded  to  above,  accompanied 
with  ten,  fifteen,  or  twenty  smaller  spots;  but, 
after  disappearing  at  the  sun's  western  limb,  it  is 
seldom  Jhat  they  come  round  again  in  the  same 
order  as  before.     Some  appear  to  have  been  alto- 


•  This  is  foDnd  by  dividing  the  circumference  of  the  sun  = 
2,764,600  miles,  by  the  number  of  hours  in  which  the  rota- 
tion is  performed,  namely  CIO  hoars,  and  the  quotient  is  the 
late  of  motion  per  hoar. 


gether  dissipated,  and  others  to  have  changed 
their  shape  and  relation  to  surrounding  spots,  in 
which  they  formerly  appeared.  We  have  seea 
spots  of  nearly  2000  miles  in  diameter  vanish  in 
tlie  course  of  twenty-two  hours  :  and,  on  the 
other  hand,  on  a  late  occasion,  we  belield  two 
spots,  each  of  them  larger  than  the  earth,  and 
containing  at  least  three  hundred  millions  of 
square  miles,  which  were  formed  near  the  center 
of  the  solar  disc,  where  no  trace  of  tliein  was  seen 
forty  hours  before;  which  circumstances  show 
the  amazing  rapidity  with  wliich  these  mighty 
masses  are  formed,  and  again  rendered  invisibla 
to  the  sight.  The  portions  of  tlie  sun's  surface 
where  tlie  spots  most  frequently  appear,  art;  those 
which  lie  adjacent  to  its  equatorial  regions;  no 
spots  being  ever  seen  near  its  northern  or  southern 
poles.  In  some  years,  these  spots  have  been  very 
numerous,  and  seldom  a  week  has  passed  without 
a  few  of  them  having  been  seen,  while  in  other 
years,  comparatively  few  have  been  visible. 

These  spots,  as  to  their  general  appearance,  re- 
semble a  dark  nuc(eus,  surrounded  with  a  penum- 
bra, or  belt  of  a  lighter  shade.  This  penumbra  is 
generally  of  a  shape  nearly  corresponding  to  that 
of  the  dark  nucleus,  or  central  spot.  This  fainter 
belt  is  plainly  perceptible  in  the  larger  spots,  and 
when  very  high  powers  are  applied  to  the  tele- 
scope, the  umbriE  are  also  visible  in  the  smaller 
spots.  The  following  representations  will  convey 
a  general  idea  of  the  phenomena  ot  tiie  solar  spots 
l''ig.  6  represents  the  more  common  appearance 
of  these  spots — a  dark  central  part  surrounded  by 
a  fainter  shade,  i'  igs.  7,  8,  9,  represent  the  ap- 
pearances of  certain  spots  which  exhibit  a  briglit 
spot,  or  figure,  in  the  midst  of  the  dark  nucleus. 
Vig.  10  shows  a  spot,  in  which  various  dark  spots 
are  surrounded  by  one  common  penumbra;  figs. 
11, 12,  spots  of  diiferent  shapes;  figs.  13, 14,  large 
spots  accompanied  or  surrounded  with  dark  spots 
of  a  much  smaller  size.  This  is  a  very  common 
phenomenon:  it  is  seldom  that  any  large  spots  are 
seen  without  being  accompanied  with  a  variety 
of  small  spots  of  different  sizes,  frequently  as- 
suming the  appearance  of  a  tail  to  the  large  spot. 
Fig.  15,  represents  the  appearance  and  progress 
of  a  single  spot,  from  the  time  it  appears  on  the 
sun's  eastern  limb  until  it  arrive  at  the  center  of 
the  disc.  As  the  sun  moves  round  an  axis  which 
is  not  perpendicular  to  the  ecliptic,  but  inclined 
seven  and  a  half  degrees  from  the  perpendicular, 
so  the  spots  move  in  a  line  deviating  from  the 
ecliptic,  and  perpendicular  to  the  sun's  axis. 
I'hus,  in  fig.  16,  A  B  represents  the  ecliptic;  D  C 
its  axis  perpendicular  to  it;  G  H  the  axis  of  the 
sun,  around  which  it  performs  its  rotation,  devia- 
ting seven  and  a  half  degrees  from  D  C,  the  axis 
of  the  ecliptic.  The  spots  therefore  move  in  a 
line  E  F  or  K  L,  which  is  at  right  angles  with  the 
axis  of  the  suu. 

Beside  the  dark  spots  whose  phenomena  we 
have  now  described,  there  are  spots  which  have  a 
bright  and  mottled  appearance,  and  which  it,  is 
dillicult,  in  most  cases,  to  distinguish  fro.-n  the 
general  body  of  the  sun.  They  are  chiefly  to  bo 
seen  when  they  first  appear  on  the  eastern  mar- 
gin of  the  sun,  and  when  they  approach  near  the 
western  limb;  but  they  are  seldom  or  never  seen 
near  the  middle  of  the  disc.  They  are  most 
generally  seen  in  connection  with  clusters  of  the 
dark  spots,  and  when  they  are  first  seen  near  the 
eastern  limb,  they  frequently  indicate  that  dark 
spots  are  about  to  make  their  appearance.  They 
appear  like  luminous  ridge.s,  and  plainly  indicate 
that  the  sun  is  not  a  smooth  surface,  but  is  diver- 
sified with  elevations  and  depressions,  or,  in  other 
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words,  with  mountains  and  vales  of  a  stupendous 
eizo,  otherwise  we  could  not  perceive  them  at  the 
remote  distance  at  wliicli  we  are  placed.  But 
what  these  briffht  ridges,  or  corrugations,  are — 
wheVlier  immense  lutninous  clouds, or  solid  bodies 
■ — or  what  purpose  they  serve  iu  the  operations 
which  are  going  forward  iii  this  luminary,  we  are 
unable  to  determine. 

The  following  is  a  summary  of  the  phenomena 
of  the  solar  tpots.  1.  Every  spot  which  has  a 
dark  nucleus  has  also  an  umbra  surrounding  it. 
2.  The  boundary  between  the  nucleus  and  um- 
bra is  well-defined.     3.  The  increase  of  a  spot  is 


gradual,  the  breadth  of  the  nucleus  and  umbra 
dilating  at  the  same  time;  and  its  decrease  is  grad- 
ual in  the  same  manner.  4.  The  nucleus,  when  on 
the  decrease,  in  many  instances,  changes  its  fig- 
ure by  the  umbra  encroaching  upon  it;  and  thua 
it  sometimes  happens  that  the  nucleus  is  divided 
into  two  or  more  nuclei.  5.  The  exterior  bound- 
ary of  the  umbriE  never  consists  of  sharp  angles, 
but  is  always  curvilinear.  6.  The  nucleus  van- 
ishes sooner  than  the  umbra. 

The  conclusions  which  have  been  drawn  from 
the  phenomena  now  described,  in  reforonce  to  the 
constitution  of  tlie  sun,  are  as  follows  :  That  the 


central  part  of  the  spots  is  beneath  the  level  of 
the  sun's  surface,  or,  in  other  words,  that  the 
spots  are  excavations  in  the  body  of  this  lumi- 
nary, and  that  the  umbra,  or  shade,  which  sur- 
rounds it,  is  the  shelving  sides  of  this  excavation 
in  the  luminous  matter.  According  to  this  view, 
the  nucleus  is  nothing  else  than  the  dark  and 
solid  body  of  the  sun  appearing  through  the 
openings  of  a  luminous  atmosphere  which  sur- 
rounds this  mighty  globe.  According  to  Sir  W. 
Herschel's  estimate,  this  atmosphere  is  not  less 
than  1840  miles,  and  not  more  than  2760  miles  in 
depth.  This  he  regards  as  the  outermost  coating 
of  the  sun,  or  his  visible  surface;  and  under  this 
superior  stratum,  he  conceived  there  is  another, 
more  dense  and  highly  reflective  which  throws 
back  the  light  of  the  upper  regions,  and  that  this 
lower  atmosphere  constitutes  the  umbra  of  the 
spots,  and  that  the  dark  central  parts  of  the  spots, 
or,  the  nuclei,  are  part  of  the  solid  matter  of 
which  the  sun's  body  is  composed.  In  accordance 
with  such  views,  the  internal  part  of  the  sun  may 


be  considered  as  an  immense  solid  ball,  nol  alto" 
gether  unlike  the  earth  and  the  other  planets; 
and  there  is  no  great  improbability  in  supposing 
that  it  is  fitted  for  being  the  habitation  of  sensi- 
tive and  intelligent  beings,  with  constitutions 
adapted  to  the  situation;  and  that  it  may  consti- 
tute the  most  glorious  habitation  connected  with 
the  solar  system.  But  whatever  may  be  the  real 
nature  and  constitution  of  this  luminary,  it  is  evi- 
dent, from  the  rapid  and  extensive  changes  which 
are  frequently  happening  both  among  the  bright 
and  dark  spots,  that  there  are  forces  of  prodigious 
power  ill  continual  operation,  producing  the  most 
astonishing  effects,  in  a  short  space  of  time,  some- 
times in  a  few  hours  or  minutes,  on  the  surface 
or  in  the  luminous  atmosphere  of  this  great  cen- 
tral body.  And  such  changes  are,  doubtless,  ne- 
cessary for  preserving  the  present  constitution 
of  the  sun — for  enabling  him  to  ditfuse  light  and 
heat — and  to  act  as  the  soul  of  surrounding 
worlds. 

This  magnificent  luminary  is  the  grand  source 


THE  SUN. 


27 


of  light,  aud  heat,  and  color  to  this  earth,  and  to 
all  the  planetary  globes,  with  their  rings  and 
eatellites,  which  belong  to  our  system.  By  its 
energy  and  influence,  it  cheers,  adorns,  and  ani- 
mates a  retinue  of  mighty  worlds;  directing  their 
motions,  and  preserving  them  all  in  the  paths 
prescribed  them,  so  that  none  shall  wander  iVoni 
their  course,  or  interfere  with  others.  It  is  the 
central  bond  which  unites  the  moon  to  the  earth; 
the  satellites  of  Jupiter,  Saturn,  and  Uranus,  to 
tlieir  respective  primaries,  and  all  the  other  planets 
in  one  grand  and  hai'monious  system.  On  our 
globe,  the  benign  efFtcts  of  the  sun  are  nu- 
merous and  powerful.  He  is  not  only  the  source 
of  illumination,  but  of  all  that  beautiful  diversity 
of  coloring  which  adorns  every  terrestrial  land- 
.scape.  Both  the  earth  and  sea — the  lowest  deptiis 
of  the  ocean,  and  the  darkest  cavern — feel  the 
effects  of  his  powerful  agency.  All  animated 
beings  rejoice  in  his  presence:  when  his  rays  dis- 
pel the  shades  of  night,  millions  of  the  insect 
tribes  awake  and  sport  in  his  beams,  the  birds 
salute  him  with  their  melodious  concerts,  every- 
tliing  that  breathes  feels  the  etFect  of  his  influence; 
man  watches  for  the  morning  and  rejoices  at 
his  approach;  for  "truly  the  light  is  sweet,  and 
a  pleasant  thing  it  is  for  the  eyes  to  beliold  the 
sun."  The  vegetable  tribes  likewise  feel  his 
energy:  he  gives  circulation  to  the  sap  in  plants 
and  trees;  he  causes  the  blossoms  and  leaves  to 
shoot ;  the  hills  and  vales  to  be  covered  with 
verdure,  and  the  fruits  of  the  earth  to  ripen  to  a 
golden  harvest,  for  supplying  the  wants  of  man 
and  beast.  Without  tlie  influence  of  this  lumi- 
nary, darkness  and  all  its  gloomy  accompani- 
ments would  forever  involve  this  lower  creation; 
all  the  beauties  which  now  adorn  the  face  of 
nature  would  be  swept,  away,  the  birds  would 
cease  their  warblings,  the  flowers  would  no 
longer  be  decked  with  the  gayest  colors,  nor  shed 
their  rich  perfumes.  Life,  activity,  and  anima- 
tion would  soon  cease;  and  the  earth,  ere  long, 
would   be  transformed   into  a  hideous  chaos. 

Can  we  reflect  on  the  grandeur  and  magnitude 
of  this  luminary,  and  the  manifold  beneficial 
effects  which  it  produces  on  our  world,  without 
raising  our  thoughts  to  Him  who  at  first  launclied 
this  vast  globe  from  his  almighty  arm,  and  still 
sustains  it  in  all  its  energiesl  In  all  our  surveys 
of  the  system  of  nature,  it  becomes  us  to  raise 
our  views  from  the  effect  to  the  cause,  from  the 
creature  to  the  great  Creator,  and  to  give  to 
Him  "  the  glory  due  to  his  name."  Tiiis  is 
not  only  a  duty  inculcated  in  Scripture,  but  is 
in  full  accordance  with  the  dictates  of  true 
philosophy  ;  wliich  declare,  that  every  phenome- 
non, and  every  effect  in  the  universe  should 
be  traced  up  to  a  cause  adequate  for  its  pro- 
duction. And  what  cause  could  produce  such 
a  stupendous  luminary,  but  that  Being  who 
existed  from  eternity,  whose  powi^r  is  uncontroll- 
able and  illimitable,  and  whose  "kingdom  ruleth 
over  all?"  In  the  formation  of  this  spacious 
globe  we  behold  a  display  of  Omnipotence  which 
overwhelms  our  conceptions,  and  which  shows 
us  tliat  notiiing,  however  amazing  and  incom- 
prehensible, can  be  beyond  the  limits  of  God's 
power  to  accomplish.  In  the  numerous  beneficial 
agencies  produced  by  the  sun,  we  have  a  display 
of  his  beneficence,  an  evidence  that  the  happiness 
of  his  creatuies  is  one  of  the  main  objects  of  his 
creating  power,  and  that  "  his  tender  mercies  are 
over  all  his  works."  "  The  day  is  thine  ;  the 
night  also  is  thine  ;  thou  hast  prepared  the  light 
and  the  sun."  He  hath  placed  our  world  at  such 
a  distance  from  this  luminary,  as  neither  to  daz- 


zle us  with  excessipe  brilliancy,  nor  scorch  U3 
with  excessive  heat,  nor  freeze  us  with  insuffer- 
able cold  ;  but  to  produce  an  illumination  and  a 
temperature  suited  to  the  inhabitants  of  every 
clime.  Tlie  man  who  can  contemplate  tliis  glo- 
rious object,  and  feel  all  the  beneficial  effects  of 
its  influence,  without  the  least  emotion  of  grati- 
tude, reverence,  and  adoration,  scarcely  deserves 
to  enjoy  the  beneficence  of  his  Creator.  Let  us, 
then,  "  give  thanks  unto  the  Lord — to  him  that 
made  great  lights — the  sun  to  rule  the  day:  for 
his  mercy  endureth  forever."  And  as  the  sun  en- 
lightens, cheers,  and  fructifies  our  globe,  and  dis- 
tributes benefits  wherever  he  shines  ;  so  let  us 
likewise,  according  to  our  power  and  opportuni- 
ties, exert  all  our  energies  in  imparting  blessi/jvs 
to  our  brethren  of  mankind.  As  lie  daily  sheu'3 
his  benign  influence  around  the  world;  as  lie  rises 
for  the  benefit  of  the  ungrateful  and  the  unjust, 
as  well  as  for  the  good  and  the  righteous,  so  let 
our  beneficence  be  displayed  toward  men  of 
all  characters  and  nations,  that  we  may  prove 
ourselves  to  be  "  the  children  of  the  Most  High," 
who,  without  distinction  of  persons,  distributes 
blessings  without  number,  among  all  the  ranks 
of  sensitive  and  intelligent  existence. 

Notwithstanding  the  numerous  benefits  which 
the  sun  dispenses  to  all  the  inhabitants  of  our 
globe,  it  is  a  melancholy  truth  that  the  greater 
part  of  its  population  is  still  involved  in  intellec- 
tual darkness  and  moral  debasement,  "  being  alien- 
ated from  the  life  of  God  through  the  ignorance 
that  is  in  them."  In  this  respect,  it  may  still  be 
said,  as  in  ancient  times,  that  darkness  covers  the 
earth,  and  gross  darkness  the  majority'  of  the 
people  who  inhabit  it.  While  the  sun  diffuses  its 
splendor  around  them,  their  minds  are  shrouded 
in  a  midnight  gloom,  into  which  "  the  light  of 
the  knowledge  of  tlie  glory  of  God,"  as  it  shines 
"in  the  face  of  Jesus  Christ,"  has  never  pene- 
trated. Before  all  the  effects  of  light — material 
and  mental — can  be  fully  felt,  the  Sun  of  right- 
eousness must  arise  on  the  nations  "with  healing 
in  his  beams,"  to  diffuse  knowledge,  joy,  and  sal- 
vation. His  influences  are  as  necessary  to  our 
true  happiness  as  those  of  the  material  sun  to  our 
external  comfort  and  existence.  His  Spirit  irra- 
diates the  darkest  understandings,  purifies  the  most 
debased  affections,  and  diffuses  gladness  and  con- 
solation wherever  the  light  of  Divine  truth  shines 
into  the  heart.  And  as  the  rays  of  this  spiritual 
Sun  are  diffused  by  the  truths  of  revelation,  it  is 
our  duty  to  disseminate  these  truths  as  extensively 
as  possible  among  all  the  kindreds,  and  families, 
and  tribes,  that  dwell  upon  the  face  of  all  the 
earth.  Wherever  the  natural  sun  shines,  the  light 
of  Divine  truth  should  be  made  to  shed  its  influ- 
ence and  its  luster,  until  light  shall  spring  up  to 
those  who  sit  in  darkness  and  the  shadow  of  death; 
until  "the  glory  of  the  Lord  shall  cover  the  earth— 
and  all  flesh  see  the  salvation  of  God." 


SECTION   II. 
The   planet   mercury. 

Having  given  a  general  description  of  the  sun — 
which  is  the  center  of  the  planetary  orbs^around 
which  they  all  perform  their  revolutions^'|j„ 'iitFer- 
ent  distances  and  in  different  periods  of  |g  as,  we 
shall  now  proceed  to  give  a  brief  description  of 
what  is  most  interesting  in  the  phenomena  of  the 
different  planets,  beginning  with  that  which  is 
nearest   the  center,  and  proceeding,  in  order,  to 


28 


THE   SOLAR  SYSTEM. 


those  which  are  most  distant.  The  order  in  which 
the  orbits  of  tiie  planets  lie  from  liie  sun  is  repre- 
sented in  the  following  small  diagram.  The  pro- 
portional distances  of  the  planets  from  the  center 
cannot  be  distinctly  represented,  unless  upon  a 
diagram  of  very  large  extent.  In  this  small  figure, 
the  middle  point  represents  the  position  of  the 
sun.     The  inner  circle  next  the  point  which  rep- 


resents the  sun,  is  the  orbit  of  Mercury,  the  near- 
est planet  to  the  sun;  the  second  circle  represents 
the  orbit  of  Venus;  the  third  that  of  the  Earth; 
the  fourth  that  of  Mars;  the  next  circles,  which 
cross  each  other,  represent  the  orbits  of  the  lately 
discovered  planets:  Vesta,  Juno,  Ceres,  and  Pallas. 
Beyond  these,  the  next  circle  represents  the  orbit 
of  Jupiter  with  his  satellites,  and  next  to  that  the 
orbit  of  Saturn.  The  outermost  circle  is  that  of 
Uranus,  sometimes  distinguished  by  the  names  of 
Herschel,  and  the  Georgium  Sidus. 

These  orbits  appear  very  small,  as  delineated 
in  this  diagram;  but  they  are  in  reality  so  im- 
mensely large,  that  the  mind  can  scarcely  form 
any  adequate  conception  of  them.  The  orbit  of 
Mercury,  which  is  the  smallest,  is  more  than  two 
hundred  and  thirty-two  millions  of  miles  in  cir- 
cumference. Were  a  steam  carriage  to  move 
round  it  at  the  rate  of  twenty  miles  an  hour,  it 
would  require  more  than  one  thousand  three  hun- 
dred and  twenty-four  years  before  it  could  com- 
plete the  circuit;  yet  the  planet  itself  moves 
around  it  in  the  short  space  of  eighty-eight  days. 
The  orbit  of  Uranus,  the  most  distant  planet  of 
the  system,  is  eleven  thousand  three  hundred  mil- 
lions of  miles  in  circumference,  and  three  thou- 
sand six  hundred  millions  in  diameter.  To  move 
round  this  circumference,  at  the  rate  of  thirty 
miles  an  hour,  would  require  above  forty-two 
thousand  nine  hundred  years,  or  more  than  seven 
times  the  period  which  has  elapsed  since  the  crea- 
tion of  Adam;  while  the  planet  itself  moves  round 
it  in  eighty-four  years.  So  that  all  the  arrange- 
ments of  the  Divine  Being  are  conducted  on  a 
scale  of  magnificence,  astonishing  to  mortals,  and 
corresponding  to  the  infinite  majesty  and  grandeur 
of  Him  "  who  stretched  out  the  heavens  by  his 
understanding." 

The  narrow  curve,  on  tlie  left  hand  of  the 
figure,^ii'^ossing  the  orbits  of  the  planets,  repre- 
sents^:! at'ortitiu  o(  the  orbit  of  a  comet.  7'he 
cometL^jiiove  in  all  directions  through  the  solar 
system,  and  their  orbits  consist  of  long  narrow 
ellipses,  or  ovals,  some  of  which  extend  far  be- 
yond the  orbits  of  the  most  distant  planets,  where 
they  sometimes  remain  for  a  long  series  of  years. 


These  bodies  are  distinguished  by  their  dim,  dusky, 
and  ruddy  light,  and  the  long  tails,  or  trains  of 
light  with  which  they  frequently  make  tlieir  ap- 
pearance. Sometimes  they  are  visible  to  the  naked 
eye,  and  make  a  pretty  splendid  appearance;  but 
numerous  bodies  of  this  description  pass  near  the 
center  of  our  system,  whicli  are  only  visible  by 
means  of  telescopes,  and  numbers,  doubtless, 
which  are  never  distinguished  even  by  astrono- 
mers, except  when  by  chance  they  happen  to  direct 
their  telescopes  to  those  portions  of  the  heavens 
in  which  they  are  moving.  From  December, 
1843,  to  September,  1844,  no  less  than  three 
comets  were  discovered,  but  not  one  of  them  was 
visible  to  the  unassisted  eye. 

Having  made  these  preliminary  remarks  re- 
specting the  general  arrangement  of  tlie  planets 
and  comets,  we  proceed  to  a  brief  descrij)lion  of — 

The  planet  Mercury.  This  planet,  as  already 
noticed,  is  the  nearest  to  the  sun;  at  least,  no 
planets,  nearer  this  luminary  have  yet  been  dis- 
covered, though  it  is  not  improbable  that  one  or 
two  may  exist  within  the  orbit  of  Mercury.  Its 
name  signifies  "the  swift  messenger,"  and,  in 
point  of  fact,  it  is  the  swiftest  moving  planet  in 
the  solar  system,  its  rate  of  motion  being,  at  an 
average,  one  Imndred  and  nine  thousand  eight 
hundred  miles  an  hour,  or  one  thousand  eight 
hundred  and  thirty  miles  in  a  minute;  but  its  rate 
of  motion  is  somewhat  different  in  different  parta 
of  its  course,  as  it  moves  in  an  elliptical  orbit.  Its 
distance  from  the  sun  is  about  thirty-seven  mil- 
lions of  miles,  and  it  performs  its  revolution 
around  that  luminary  in  eighty-seven  days,  twen- 
ty-three hours,  and  twenty-five  minutes.  As  to 
magnitude,  this  planet  ranks  among  the  smaller 
bodies  of  the  system.  Its  diameter  is  three  thou- 
sand two  hundred  miles,  its  circumference  tea 
thousand  and  fifty-three  miles,  and  its  surface 
contains  above  thirty-two  millions  of  square 
miles,  which  is  considerably  les.s  than  the  habit- 
able parts  of  our  globe.  Were  ".vo  lo  conipare  its 
size  with  that  of  the  sun  we  s/.v-uld  find  that  it 
would  require  nearly  twenty'tvo  millions  of 
globes  of  the  size  of  Merciir;  to  form  a  globe 
equal  to  that  of  the  sun.* 

This  planet  always  appear^  to  move  in  the 
neighborhood  of  the  sun.  It  y.;ver  appears  above 
twenty- nine  degrees  distant,  from  tho  sun,  and 
frequently  at  the  period  of  il?  greatest  elongations 
it  is  not  above  sixteen  or  sev;nteen  degrees  from 
that  luminary.  On  thia  ace  unit,  it  is  difficult  to 
be  distinguished  by  the  nah-'d  eye,  unless  near  the 
periods  of  its  greatest  elcr.'^'ations.  The  time  be- 
tween its  greatest  elongations  from  the  sun,  varies 
from  one  hundred  and  fix  to  one  hundred  and 
thirty  days.  When  it  m  at  its  greatest  elongation 
east  of  the  sun,  it  is  seen  in  the  evenings,  at  a  low 
elevation,  not  far  from  the  point  where  the  sun 
sets.  When  it  is  west  of  the  sun,  it  is  seen  in  the 
morning  not  far  from  the  point  of  sunrise.  TJie 
most  favorable  seasons  for  observing  it  are  the 
spring  and  autumn,  as  it  is  in  a  higlier  declination 
at  those  seasons  than  in  winter,  and  the  twilight 
is  not  so  strong  nor  so  long  continued  as  in  s'un- 


*  This  is  estimated  in  tlie  following  manner-  r'-  cvm 
parative  bulks  of  spheres  are  to  each  other  as  t>  ,  ibss  of 
their  ilianieters;  therefore,  divide  the  cubes  of  /  ir  diame- 
ters by  each  other,  and  the  quotient  shows  t'  i  n".mber  of 
times  the  one  is  contained  in  the  other.  In  '/  s  /resent  in- 
stance, multiply  the  sun's  diameter,  880,0(10  n.iles,  twice 
into  itself,  and  divide  the  j)roduct  by  the  cubfc  of  the  diame- 
ter of  Mercury,  3200  miles,  and  the  quotient  will  give  th» 
number  of  times  that  the  sun  is  larger  tlian  this  |)lanet. 
Thus  the  cube  of  880,000  is  681,472,000,000,000,000,  which 
divided  by  32,768,000,000  the  cube  of  Mercury's  Jiaraetec 
=  21  millions  and  five-sixths,  nearly. 
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mer.  When  viewed  by  the  naked  eye,  it  appears 
to  emit  a  very  white  liglit;  and  those  who  would 
wish  to  get  a  view  of  this  planet,  when  it  may  be 
seen,  should  inspect  an  almanac,  or  ephemeris, 
where  the  times  of  its  elongations  are  distinctly 
stated.*  When  viewed  with  a  telescope  it  ap- 
pears, in  the  course  of  its  revolutions  round  the 
sun,  to  pass  through  all  the  phases  of  the  moon, 
sometimes  appearing  as  a  half-moon,  sometimes 
as  a  crescent,  and  at  other  times  with  a  gibbous 
phase.  When  it  appears  of  a  half-moon  or  cres- 
cent phase,  its  enlightened  side,  like  that  of  the 
moon,  is  always  turned  toward  the  sun,  which 
proves  that  it  is  in  itself  a  dark  body,  and  derives 
all  its  liglit  from  that  luminary.  On  account  of 
its  nearness  to  the  sun,  few  discoveries  have  been 
made  on  its  surface  by  the  telescope.  It  has  been 
observed,  however,  that  wiien  it  appears  as  a  cres- 
cent, one  of  its  horns  is  truncated,  or  cut  off  at 
the  point,  by  which  the  period  of  its  revolutions 
round  its  axis  has  been  determined,  which  is  sup- 
posed to  be  accomplished  in  twenty-four  hours 
and  five  minutes.  This  truncature  is  doubtless 
the  effect  of  elevations  and  depressions  on  its  sur- 
face; and  hence,  some  astronomers  have  concluded 
that  mountains  of  considerable  elevation  exist  on 
Mercury,  one  of  which  is  calculated  to  be  eight 
English .  miles  in  perpendicular  altitude.  It  is 
supposed,  likewise,  that  it  is  enveloped  with  an 
extremely  dense  atmosphere. 

In  consequence  of  its  nearness  to  the  sun — 
being  nearly  three  times  nearer  than  the  earth — 
the  quantity  of  light  is  nearly  seven  times  greater 
than  what  we  receive;  and  the  sun  wiil  appear  to 
a  spectator  in  that  planet  about  seven  times  larger 
than  to  us — which  circumstances  will  cause  a 
more  brilliant  luster  to  appear  on  all  the  objects 
on  the  surface  of  this  planet  than  appears  on  the 
scenery  of  our  globe.  Such  eyes  as  ours  would 
be  unable  to  sustain  so  dazzling  a  brightness,  un- 
less their  pupils  were  contracted  to  the  diameter 
of  one-fiftieth  of  an  inch.  That  the  quantity  of 
heat  is  in  the  same  proportion,  or  seven  times 
greater  than  on  the  earth,  is  an  opinion  by  no 
means  probable.  It  is  more  probable,  from  many 
circumstances  connected  with  our  own  globe,  and 
from  a  variety  of  experiments  which  have  been 
made  on  tlie  subject  of  heat,  that  the  sun's  rays 
may  be  modified  in  their  action  by  the  nature  of 
the  atmosphere,  and  the  constituent  elements  of 
which  the  planet  is  composed.  It  is  probable 
that  sensible  heal  depends  chiefly  on  the  distribu- 
tion of  the  substance  of  caloric,  or  the  principle 
of  heat,  on  the  surfaces  and  throughout  tiie  atmo- 
spheres of  the  planets,  in  different  quantities,  ac- 
cording to  the  different  situations  they  occupy  in 
the  solar  system;  so  that  it  is  possible  there  may 
be  no  more  sensible  heat  felt  on  the  surface  of 
Mercury  than  on  the  surface  of  the  earth,  or 
even  of  Saturn,  or  Uranus. 

Mercury  revolves  in  an  elliptical  orbit,  which 
is  more  eccentric  than  the  orbits  of  the  other 
planets  except  Juno  and  Pallas.  This  is  the  rea- 
son why,  at  some  of  its  greatest  elongations,  it  is 
only  sixteen  degrees  from  the  sun;  while  at  others. 


*  The  Christian  Almanac,  published  by  the  "  Religious 
Tract  Society,"  will  afford  sufficient  information  on  such 
points,  and  on  various  other  topics  connected  with  astrono- 
iny,  and  the  motions  and  aspects  of  the  heavenly  orbs,  es- 
pecially under  the  head  Phenomena.  This  almanac  is  pub- 
lished at  the  low  price  of  sixpence,  contains  about  84  closely 
printed  pai;es,  and  a  vast  quantity  of  useful  information  on 
science,  religion,  philanthropy,  domestic  economy,  acts  of 
Failiament,  and  a  variety  of  other  interesting  topics. 


it  is  nearly  twenty-nine  degrees  distant.  Its  ec- 
centricity, or  the  distance  of  tlie  sun  from  the 
center  of  its  orbit,  is  above  seven  millions  of 
miles;  which  is  about  the  one-tenth  part  of  the 
diameter  of  its  orbit;  and  this  orbit  is  inclined  to 
the  ecliptic,  or  the  plane  of  the  earth's  orbit,  in 
an  angle  of  seven  degrees,  so  that  it  is  sometimes 
this  number  of  degrees  above  the  level  of  the 
ecliptic,  and  at  other  times  as  much  below  it.  Tlie 
density  of  this  planet  is  greater  than  that  of  any 
other  plunet  of  the  system.  It  has  been  eslimuled 
to  be  nearly  twice  tlie  density  of  the  earth,  that  is 
about  nine  limes  the  density  of  water,  or  nearly 
equal  to  that  of  lead.  Such  conclusions  are  de- 
duced from  the  laws  of  gravitation,  by  which  all 
the  planets  are  directed  in  their  motions. 

Transits  of  Mercury. — At  certain  periods,  this 
planet  is  observed  to  pass  across  the  sun's  disc, 
like  a  small  dark  spot.  This  can  happen  only  at 
the  time  of  its  inferior  conjunction  with  the  sun 
— when  it  is  nearest  to  the  earth — when  its  en- 
lightened side  is  turned  toward  the  sun,  and  its 
dark  hemisphere  is  turned  directly  toward  the 
e«rth;  and  when  the  earth.  Mercury,  and  the  sun 
are  nearly  in  one  straight  line.  This  passage  of  Mer- 
cury across  the  solar  disc  is  called  its  transit,  and 
is  considered  by  astronomers  as  an  interesting 
phenomenon.  If  the  orbit  of  this  planet  were  in 
the  same  plane  with  that  of  the  earth,  it  would 
transit  the  sun's  disc  at  every  inferior  conjunction, 
or  three  or  four  times  every  year.  But  as  its  or- 
bit is  inclined  to  the  ecliptic,  a  transit  can  happen 
only  when  it  comes  to  the  inferior  conjunction, 
at  the  time  when  it  is  at  or  near  its  nodes,  or  the 
points  where  it  crosses  the  ecliptic,  and  when  the 
earth  is  in  the  same  longitude,  and  this  occurs 
only  at  intervals  of  several  years.  The  last  visi- 
ble transit  previous  to  1845,  happened  in  1832: 
another  happened  in  November,  18.'J5,  but  was 
invisible  in  Britain,  as  the  sun  was  set  before  its 
commencement.  A  visible  transit  likewise  oc- 
curred on  May  8th,  1845,  which  began  at  19 
minutes  past  4,  p.  m.,  Greenwich  time,  and  the 
planet  arrived  near  the  center  of  the  disc  at  35 
minutes  past  7,  p.  m.;  but  before  the  planet's  egress 
from  the  sun's  western  limb,  the  sun  set  to  the 
inhabitants  of  this  country.  The  next  visible 
transits  of  Mercury  will  happen  at  the  following 
periods:  1848,  November  Olh;  ISGl,  November 
12th;  186.S,  November  5th;  1878,  May  6th.  The 
other  transits,  during  the  present  century,  in  1881, 
1891,  and  181i4,  will  be  invisible  in  Britain  and 
other  European  countries,  but  will  be  seen  in  sev- 
eral parts  of  North  and  South  America,  and  the 
islands  of  the  Pacific  Ocean. 

This  planet,  notwithstanding  its  comparative 
smallness,  forms  a  portion  of  the  Divine  empire, 
and  is  capable  of  containing  a  population  larger 
than  even  that  of  our  globe.  Though  diminutive 
in  its  appearance,  and  seldom  seen  by  the  inhab- 
itants of  tlie  earth,  we  can  scarcely  doubt  that 
there  are  to  be  found  on  this  planet  millions  of 
sentient  and  intelligent  beings — perhaps  far  supe- 
rior in  dignity  to  man — with  constitutions  fitted 
for  that  sphere  in  which  Providence  has  placed 
them,  and  with  mental  powers  which  qualify  them 
to  know,  to  love,  and  to  adore  their  great  Creator. 
For  it  may  be  considered  as  an  axiom,  that  the 
material  universe  was  created,  and  is  still  pre- 
served in  existence,  chiefly  for  the  sake  of  sensitive 
and  intellectual  natures,  to  afford  them  the  means 
of  happiness,  and  to  give  them  a  sensible  display 
of  the  character  and  attributes  of  the  Eternal 
Divinity. 
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SECTION    III. 
On  the  planet  venus. 

Next  to  Mercury,  in  the  order  of  the  system, 
is  the  planet  Venus.  To  the  naked  eye  it  appears 
tlie  most  beautiful  and  splendid  star  in  the  hea- 
vens, and  has  been  dislinguislied  both  in  ancient 
and  modern  times  as  the  morning  and  evening 
star,  because  in  one  part  of  its  course,  it  makes 
its  appearance,  iu  the  west,  in  the  evening,  before 
'  any  other  star  is  visible;  and,  in  another  part  of 

its  course,  it  appears  in  the  east  in  the  morning, 
ushering  in  the  dawn,  and  giving  notice  of  tlie 
approach  of  the  rising  sun.  Its  distance  from  the 
sun  is  reckoned  at  sixty-eight  millions  of  miles, 
being  thirty-one  millions  of  miles  from  the  orbit 
of  Mercury,  and  about  twenty-seven  millions  of 
miles  from  the  earth  at  its  nearest  approach  to  it. 
At  this  distance  it  is  nearer  the  earth  than  any 
other  celestial  body  can  approach,  the  moon  only 
excepted.  In  respect  of  magnitude,  it  is  found  to 
be  7800  miles  in  diameter,  or  very  nearly  the 
size  of  our  globe.  Its  surface  contains  one  hun- 
dred and  ninety-one  millions  of  square  miles,  and 
the  quantity  of  light  it  receives  from  the  sun  is 
nearly  double  of  that  which  falls  upon  the  earth, 
on  account  of  its  greater  nearness  to  the  sun,  so 
that  that  luminary  will  appear  from  its  surface 
twice  as  large  as  it  does  to  us.  From  a  variety 
of  observations  which  have  been  made  on  this 
planet,  it  appears  that  it  has  a  rotation  on  its  axis, 
which  is  accomplished  in  the  period  of  23  hours, 
21  minutes;  and  as  the  period  of  the  earth's  rota- 
tion is  23  hours,  5G  minutes,  its  day  is,  of  course, 
35  minutes  shorter  than  ours. 

Discoveriesmade  on  Venus  by  the  telescope. — The 
first  time  the  telescope  was  directed  to  this  planet 
was  in  the  year  1610,  by  the  celebrated  Galileo, 
who  had  just  a  little  before  constructed  one  of 
the  first  telescopes.  The  chief  discovery  he  then 
made  was,  that  this  planet,  in  the  course  of  its 
revolution  round  the  sun,  passed  through  all  the 
phases  of  the  moon,  sometimes  appearing  as  a 
crescent,  or  like  the  moon  when  three  or  four 
days  old, sometimes  like  a  half-moon,  and  at  other 
times  with  a  gibbous  phase,  or  like  the  moon 
three  or  four  days  before  the  full.  That  the  pla- 
net presents  such  phases  to  our  eye  is  a  plain 
proof  that  it  does  not  move  round  the  earth  as  its 
center  of  motion,  as  the  ancients  supposed,  but 
round  the  sun,  in  an  orbit  which  Hl-s  within  the 
orbit  of  the  earth.  For  if  it  moved  in  an  orbit 
exterior  to  that  of  the  earth,  it  could  never  present 
to  us  either  a  half-moon  or  a  crescent  phase.  At 
the  period  to  which  we  allude,  the  greater  part  of 
the  learned  had  adopted  the  vulgar  opinion  which 
so  long  prevailed,  that  the  earth  is  at  rest  in  the 
center  of  the  universe,  and  that  all  the  planets 
revolve  around  it.  It  was  objected  to  the  Coper- 
nican  system,  which  supposes  the  earth  to  be  one 
of  the  planets — and  which  had  been  recently 
broached — that  if  this  were  the  case,  the  planets 
Mercury  and  Venus  would  appear  with  ail  the 
phases  of  the  moon.  This  was  fully  admitted; 
but  it  could  never  be  exhibited  to  the  organs  of 
vision  before  the  telescope  was  invented  When 
Galileo  had  published  this  and  several  other  dis- 
coveries, the  senators  of  Venice,  who  were  most 
of  them  eminent  for  their  love  of  learning,  invi- 
ted this  astronomer  to  come,  and  in  their  presence 
make  a  trial  of  his  new  instrument.  He  com- 
plied with  their  request;  and,  on  a  fine,  clear,  and 
serene  evening,  mounted  iiis  telescope  on  the 
towor  of  St.  Mark,  and  showed  them  several  of 


tlie  discoveries  he  had  made,  and  particularly  tli9 
appearance  of  Venus,  which  was  then  near  the 
point  of  its  greatest  elongation  from  the  sun. 
One  senator  after  another  beheld  the  planet 
through  the  telescope,  and  all  were  surprised  that 
more  than  half  of  its  hemisphere  was  obscurea; 
that  it  did  not  appear  round,  as  most  of  the  other  hea- 
venly orbs,  but  inclining  to  a  crescent,  with  points, 
or  horns,  at  its  opposite  sides.  Upon  this  Galileo 
proceeded  to  show  how  this  phenomenon  furnished 
a  demonstrative  proof  of  the  Copernican  system 
of  the  universe.  That  night  was  fatal  to  the 
ancient  systems  maintained  in  the  schools;  and 
from  that  period,  the  true  system  of  iho  world 
began  to  be  recognized  by  all  intelligent  and  un- 
prejudiced minds,  and,  in  the  midst  of  every  op- 
position, to  be  extensively  propagated  through 
the  world. 

After  the  telescope  was  improved,  and  its  length 
and  magnifying  powers  increased,  more  particu- 
lar observations  began  to  be  made  on  the  surface 
of  Venus.  Cassini,  an  Italian  astronomer,  with 
instruments  of  a  large  size,  on  October  14th, 
1666,  at  5h.  45m.,  p.  m.,  saw  a  small  bright  spot, 
near  the  section  between  the  dark  and  bright  side 
of  the  planet;  at  the  same  time  he  noticed  two 
dark  oblong  spots  nearer  the  other  side  of  the 
disc,  as  represented  in  fig.  18.  On  the  20th  of 
April,  1667,  in  the  morning,  a  little  before  sun- 
rise, he  perceived,  on  the  disc  of  the  planet,  then 
half  enlightened,  a  bright  spot  near  the  section  and 
toward  the  lower  horn;  and  nearer  to  the  northern 
horn  he  saw  a  darkish  oblong  spot,  as  represent- 
ed in  fig.  19;  and  after  sunrise,  he  perceived  that 
the  bright  spot  was  advanced  considerably  from 
the  southern  horn;  and  from  this  and  several  sub- 
sequent observations,  he  had  a  plain  proof  of  the 
rotation  of  the  planet,  which  he  afterward  deter- 
mined to  be  in  the  space  of  somewhat  more  than 
twenty -three  liours.  For  many  years  after  this 
period,  we  have  few  recorded  observations  of  these 
spots;  and,  indeed,  they  are  very  difficult  to  be 
perceived,  on  account  of  the  extreme  brilliancy 
which  this  planet  exhibits,  and  the  undulations 
of  the  atmosphere,  when  viewed  at  a  low  altitude 
in  the  evening.  The  best  time  for  viewing  the 
surface  of  this  planet  is  in  the  day-time,  when  it 
is  near  the  meridian,  by  means  of  large  equatorial 
telescopes. 

M.  Schroeter,  a  late  celebrated  German  astrono- 
mer, made  a  variety  of  observations  on  this  planet, 
from  which  he  has  deduced  several  important  con- 
clusions. He  discovered  the  twilight  of  Venus, 
or  the  stretching  of  a  faint  light  beyond  the  semi- 
circle which  ought  to  be  alone  directly  enlightened, 
as  shown  at  fig.  20,  where  the  cusps  or  horns 
seem  to  stretch  into  the  dark  hemisphere.  He 
deduced  from  this,  and  other  observations,  that  Ve- 
nus has  an  atmosphere  of  considerable  extent,  the 
densest  part  of  which  is  above  three  miles  high. 
A  similar  conclusion  was  deduced  by  a  variety  of 
observers  in  difFerent  places,  when  viewing  the 
transit  of  this  planet  in  1761.  At  the  time  when 
the  planet  entered  on  the  sun's  disc,  and  when  it 
was  about  to  emerge  from  the  eastern  limb,  a  faint 
penumbra  or  dusky  shade  was  seen  surrounding 
the  planet,  which  indicated  an  atmosphere  of  con- 
siderable hight.  M.  Schroeter  likewise  detected 
several  mountain  ridges,  and  elevations  of  great 
magnitude  on  the  surface  of  Venus.  Such  eleva- 
tions are  ascertained  from  the  length  of  their  sha- 
dows. He  estimated  the  perpendicular  hight  of 
one  of  these  mountains  to  be  ten  and  a  half  Eng- 
lish miles,  and  of  another  no  less  than  nineteen 
miles.  Although  these  elevations  so  far  surpass 
the  hight  of  tiie  highest  mountains  on  our  glob«, 
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vet  such  estimates  are  not  to  be  considered  on  this  ,  prospects  far  more  extensive  and  sublime  than  wa 


account  as  improbable.  For,  in  nature,  there  i 
an  infinite  variety,  and  every  planet  differs  from 
another  in  its  arrangements.  Such  lofty  elevations 
will  add  to  the  sublimity  of  nature  on  the  surface 
of  this  planet,  and  will  afford,  from  their  summits, 


can  at  present  conceive. 

Apparent  motions  of  Venus. — Were  the  planets 
viewed  from  the  sun,  the  center  of  the  system, 
their  motions  would  appear  nearly  uniform,  and  in 
one  direction,  from  west  to  east.  But  when  viewed 


from  the  earth,  or  any  other  planet,  their  motions 
appear  very  irregular,  and  in  different  directions, 
and  sometimes  they  appear  to  make  a  pause  in 
their  course.  Hence  the  apparent  motions  of  the 
planets,  as  viewed  from  the  earth,  are  said  to  be 
either  direct,  retrograde,  or  stationary.  This  may 
be  illustrated  in  the  apparent  motions  of  V^enus, 
and  what  is  here  stated  of  this  planet  will  equally 
apply  to  the  motion  of  Mercury.  Thus,  in  fig. 
21,  let  S  represent  the  sun,  E  the  earth,  and  a,  b, 
c,  d,  e,  f,  g,  h,  the  planet  Venus  in  different  parts 
of  its  orbit,  as  seen  from  the  earth  at  E.  When  it 
is  at  a,  it  is  said  to  be  in  its  inferior  conjunction 
with  the  sun,  because  it  is  then  nearly  in  a  line 
with  the  sun;  and  were  it  visible,  it  would  be  seen 
nearly  in  the  same  part  of  the  heavens  as  the  sun. 
But  at  this  time  its  dark  hemisphere  is  turned  to- 
ward the  earth,  and  therefore  is  invisible  unless  it 

Fig.  21. 


should  happen,  as  it  sometimes  does,  to  pass  across 
the  disc  of  the  sun.  In  moving  from  a  to  b,  its 
motion  is  retrograde,  or  toward  the  west.  In  mov- 
ing from  b  to  c,  it  appears  stationary,  because  the 
tangent  line,  or  visual  ray  6  i,  will  appear  for  some 
time  to  coincide  with  the  orbit  of  the  planet.    At 


c  the  planet  is  said  to  be  at  its  greatest  western 
elongation  from  the  sun,  when  it  appears  in  its 
greatest  brightness  as  a  morning  star.  In  passing 
from  c  to  d,  and  from  d  to  e,  its  motion  is  direct, 
or  from  west  to  east.  At  e  is  the  point  of  its  su- 
perior conjunction,  when  it  is  again  nearly  in  a 
line  with  the  sun,  and  when  its  full  enlightened 
hemisphere  is  turned  toward  the  earth.  But  at 
this  point  it  is  the  whole  diameter  of  its  orbit,  or 
one  hundred  and  thirty-six  millions  of  miles  far- 
ther from  the  earth  than  when  it  was  at  a,  and 
therefore  appears  smaller  near  this  position  than 
when  only  the  one-fourth  of  its  enlightened  side 
is  seen.  From  c  to  /,  and  from  /  to  g,  the  motion 
is  still  direct;  from  g  to  h,  it  is  again  stationary, 
and  from  h  to  a  retrograde. 

In  regard  to  the  phases  of  Venus  we  may  add 
the  following  remarks.  When  the  planet  is  at  e, 
at  its  superior  conjunction,  if  it  could  then  be 
seen,*  it  would  present  a  full  enlightened  hemi- 
sphere. As  it  moves  from  e  to  f,  it  gradually 
comes  into  view  as  an  evening  star,  and  at  first 
appears  very  low  near  the  point  of  the  horizon 
where  the  sun  sets.  Its  motion  appears  slow  on 
account  of  its  distance  from  the  earth,  and  it  is 
sometimes  two  or  three  months,  after  passing  the 
point  of  its  conjunction,  before  it  becomes  dis- 
tinctly visible  to  the  naked  eye.  When  it  comes 
to  the  point  /  it  exhibits  a  gibbous  phase,  as  seen 
by  the  telescope.  As  it  moves  onward  toward  g, 
its  apparent  size  increases,  and  its   gibbous  phase 

«radually  declines  to  that  of  a  half-moon.  At  g 
..'  appears  like  a  half-moon  inclining  to  a  crescent. 
About  this  point  of  its  orbit  is  the  period  of  its 
greatest  brilliancy,  and  in  certain  years,  when  in 
this  position,  it  may  be  seen  in  the  day-time  by  the 
naked  eye.     At  the  point  h,  it  appears  of  a  cres- 


*  It  has  been  frequently  asserted  by  astronomical  writers 
that  this  planet  cannot  be  seen  at  its  superior  conjunction. 
The  author  of  this  volume,  however,  in  the  course  of  his  ob- 
servations on  the  heavenly  bodies  in  the  day-time,  had  an 
opportunity  on  the  2d  of  Uctober,  18-43,  of  seeing  this  planet 
within  a  few  minutes  of  the  time  of  its  superior  t;onjunction, 
when  it  was  only  58  minutes,  or  less  than  1  degree  from  the 
sun's  margin.  It  was  viewed  with  a  three-feet-and-a-half 
achromatic  telescope,  magnifying  95  times,  and  appeared 
round  and  perfectly  distinct,  though  partly  immersed  in  the 
solar  rays.  This  circumstance  proves  that  the  surface  of 
Venus  reflects  the  solar  rays  with  peculiar  brilliancy,  mora 
than  that  of  any  other  planet.  For  a  more  particular  account 
of  this  observation,  see  "  Edinburgh  New  Fliilosophical 
Journal "  for  January,  1844. 
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cent  form,  and  while  moving  from  hto  a,  the  point 
of  its  inferior  conjunction,  its  crescent  becomes 
more  slender,  but  at  the  same  time  more  expansive, 
until  it  appears  like  the  crescent  of  the  moon 
wlien  she  is  less  than  two  days  old.  At  a  the  dark 
side  of  the  planet  is  turned  toward  tlie  earth,  and 
consequently  invisible.  The  period  employed  in 
passing  through  t^iese  changes,  from  e  to  a,  is  about 
nine  months  and  a  half.  In  passing  through  the 
other  semicircle  from  a  to  6,  c,  d,  e,  it  becomes  a 
morning  star,  and,  a  few  days  after  the  conjunc- 
tion, is  seen  in  the  east  preceding  the  rising  sun. 
In  proceeding  from  a  to  6  and  c,  its  apparent  mo- 
tion is  rapid,  and  it  presents  a  crescent  phase;  at 
e  it  appears  like  a  half-moon,  and  in  the  remain- 
ing part  of  its  course  to  e  its  phase  is  gibbous, 
until  it  arrives  at  the  superior  conjunction,  when 
it  again  presents  a  full  enlightened  hemisphere. 
The  time  employed  in  moving  from  the  inferior 
to  the  superior  conjunction  is,  as  formerly,  about 
nine  months  and  a  half. 

The  following  figures  represent  the  phases  of 


this  planet,  and  its  gradual  increase  of  apparewl 
size  from  the  period  of  its  superior  conjunctiow 
to  its  inferior.  Fig.  22  is  its  phase  as  a  full  en- 
lightened hemisphere,  and  its  proportional  size 
when  compared  with  fig.  .30,  which  represents  it, 
when  nearest  the  earth  at  its  inferiorconjunction. 
At  tins  time  it  is  five  times  nearer,  and  conse- 
quently five  times  larger  in  diameter,  and  twenty- 
five  times  larger  in  surface  than  it  appears  at  its 
superior  conjunction.  Figs.  23,  24,  25,  represent 
different  degrees  of  its  gibbous  phase;  26,  its 
half-moon  phase;  27,  28,  29,  its  crescent  phase; 
where  it  will  be  seen,  that  as  the  breadth  of  the 
crescent  diminishes,  its  expansion  and  length  in- 
crease, as  it  is  then  approacliing  nearer  the  earth. 
Fig.  30  represents  its  dark  side  turned  toward  us 
at  the  inferior  conjunction.  In  moving  from  the 
inferior  to  the  superior  conjunction,  it  passes 
through  all  these  phases  in  a  reverse  order.  First 
it  appears  as  29,  then  as  28,  and  until  it  arrives  at 
the  phase  fig.  22. 

We  shall  state  only  the  following  additional  fact 
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respecting  this  planet.  The  period  of  its  revolu- 
tion round  the  sun  is  in  224  days  16  hours,  during 
which  time  it  accomplishes  a  course  of  434  mil- 
lions of  miles,  at  the  rate  of  eighty  thousand  miles 
an  hour.  Its  orbit  is  inclined  to  the  ecliptic  in  an 
angle  of  three  degrees  twenty-three  minutes  and 
a  half,  and  the  eccentricity  of  its  orbit  is  less  than 
half  a  million  of  miles,  or  about  the  l-276th  of 
its  diameter.  On  the  ground  of  certain  observa- 
tions, it  has  been  supposed  that  it  is  attended  with 
a  satellite;  but  such  a  body,  if  it  e.xist,  is  seldom 
seen,  and  therefore  its  e.xistence  is  considered  as 
uncertain.  In  its  elongations,  it  never  removes 
farther  from  the  sun  than  from  forty-five  degrees 
to  forty-seven  degrees.  If  its  enlightened  side 
»vere  turned  toward  us  when  it  is  nearest  the  earth, 
it  would  present  a  surface  twenty-five  times  larger 
than  it  generally  does  and  shine  with  the  splendor 
of  a  small  moon;  but,  at  that  time,  its  dark  siJe  is 
turned  to  the  earth.  To  an  inhabitant  of  Venus, 
Mercury  will  appear  as  a  morning  and  evening 
star,  with  more  splendor  than  it  does  to  us;  and 
the  earth,  when  nearest  to  Venus,  will  shine  forth 
with  a  splendor  nearly  ten  times  greater  than  either 
Jupiter  or  Venus  does  to  us.  This  planet,  like 
Mercury,  sometimes  makes  a  transit  across  the 
disc  of  the  sun.  The  last  transit  happened  in 
1769,  and  the  next  will  take  place  on  December 
9, 1874,  at  eight  minutes  past  four,  a.  m.,  which 
will  be  invisible  in  Britain,  and  in  most  European 
countries;  but,  as  it  is  a  phenomenon  of  great  im- 


portance in  astronomy,  British  astronomers  wil! 
doubtless,  be  sent  to  observe  it  in  those  countries 
where  it  will  be  visible. 

This  beautiful  planet,  distinguished  from  all  the 
other  stars  by  its  superior  brilliancy,  is  occasion- 
ally alluded  to  by  the  sacred  writers,  as  the  "  son 
of  "the  morning" — "  the  day  star,"  and  "the  bright 
and  morning  star:"  emblematical  of  the  Redeemei 
of  mankind,  giving  light  to  the  world  after  along 
night  of  superstition  and  darkness,  and  of  its 
cheering  influence  on  the  minds  of  sinful  men, 
when  the  "day  star  "  from  on  high  hath  arisen  in 
their  hearts.  When  viewing  tlie  bright  luminaries 
of  the  sky,  and  especially  the  morning  star,  and 
when  we  consider  the  beautiful  order  and  arrange- 
ment of  these  orbs,  the  placid  influences  they 
diff'use,  and  the  harmony  with  which  all  their 
movements  are  performed,  a  contemplative  mind 
can  scarcely  refrain  from  contrasting  such  scenes 
with  the  darkness  and  disorder  which  prevail  in 
the  moral  world.  AVhile  the  sun  diffuses  his 
splendor  by  day,  and  the  moon  and  the  stars  shed 
their  mild  radiance  by  night,  it  is  still  necessary 
to  the  happiness  of  our  world  that  intellectual 
light  and  sacred  joy  should  be  diffused  over  the 
minds  of  its  inhabitants — of  which  the  light  of 
those  luminaries  is  designed  to  serve  as  an  emblem. 
When  the  morning  star  makes  its  appearance  near 
the  eastern  horizon,  it  is  a  sign  that  the  sun  will, 
ere  long,  arise,  and  that  the  darkness  of  night  will 
soon  be  dispelled.    When  the  "  day  star "  arisea 
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Oft  Ihe  benighted  mind,  it  intimates  that  gloom 
and  durlvness,  with  all  their  miserable  acconipani- 
lueuts,  formerly  brooded  over  it:  but  now  that  the 
light  of  Divine  trutii  has  begun  to  irradiate  the 
darkness,  it  is  a  sign  that  this  light  will  still  in- 
crease, and  sliine  "  more  and  more  unto  the  per- 
fect day,"  until  at  length  it  blend  itself  with  the 
glories  of  the  celestial  world,  where  the  "  sun  shall 
no  more  go  down,"  where  the  Lord  God  shall  be 
an  everlasting  light,  and  where  the  days  of  dark- 
ness and  "  mourning  shall  be  ended." 


SECTION   IV. 

The  earth  :   considered  as  a  planetary  body. 

(1.) — General  view  of  the  Earth's  surface,  atmo- 
sphere, magnitude,  and  jiiethod  of  finding  its  di- 
mensions. 

It  may  seem  strange  to  some  readers  that  this 
world  on  which  we  reside  should  be  considered  a 
planetary  orb;  as,  at  first  view,  it  appears  to  bear 
no  resemblance  to  any  of  the  orbs  that  appear  in 
our  nocturnal  sky.  The  planets,  as  they  are  seen 
in  the  heavens,  by  the  unassisted  eye,  appear  only 
as  comparatively  small  points  of  light;  whereas 
the  earth,  from  whatever  point  it  is  viewed,  ap- 
pears tlie  largest  body  our  eyes  can  anywhere  be- 
hold, and  when  we  traverse  its  surface,  either  by 
sea  or  land,  there  appear  no  boundaries  to  its  di- 
mensions. From  the  positions  in  whicli  we  are 
permitted  to  view  any  portion  of  the  earth — 
even  when  we  ascend  several  miles  above  its  sur- 
face 11  balloons — it  exhibits  no  luminous  aspect 
euG.i  as  that  which  the  celestial  bodies  present;  so 
tha'i,  at  first  view,  we  might  be  apt  :o  suppose 
that  no  similarity  can  exist  between  our  sublunary 
world  and  the  orbs  of  heaven.  Beside,  the  celes- 
tial orbs  are  apparently  in  rapid  motion  from  one 
region  to  another,  while  the  earth,  as  a  whole, 
appears  to  be  at  rest  in  the  center  of  the  celestial 
motions.  Whether  we  sit  in  our  apartments,  or 
walk  in  the  fields,  we  feel  no  motion  in  the  solid 
earth  which  supports  us,  and  are  apt  to  imagine  that 
tije  portion  of  tiie  globe  on  which  we  dwell  remains 
Invariably  in  the  same  point  of  infinite  space.  We 
perceive  no  motions  connected  with  our  world  but 
those  which  are  produced  by  the  rivers,  the  ocean, 
the  atmosphere,  and  subterranean  concussions,  and 
those  which  are  the  result  of  tlie  various  processes 
of  the  arts — the  flux  and  reflux  of  the  sea — the 
flowingstreams — the  roaring  cataracts — the  stormy 
winds — the  waving  forests — the  ships  moving  on 
the  face  of  the  deej? — and  the  steam-carriages, 
with  their  hundreds  of  passengers  flying  along  the 
railway  course.  Th.ere  is  not,  perhaps,  one  out  of 
a  thousand  of  the  earth's  inhabitants  that  has  the 
least  conception  that — beside  every  other  move- 
ment of  which  he  is  susceptible — he  is  carried 
along  through  the  regions  of  infinite  space  with 
the  rapidity  of  thousands  of  miles  every  hour. 
Yet  this  is  a  fact  which  is  not  merely  probable, 
but  certain,  and  can  be  demonstrated  to  the  con- 
viction of  every  one  who  is  willing  and  qualified 
to  enter  into  such  investigations. 

Could  we  take  our  station  on  the  surface  of  the 
moon,  we  should  behold  the  earth  liangiug  like  a 
great  globe  in  the  firmament,  app.earing  wiiii  a  sur- 
face about  thirteen  times  larger  than  the  moon 
iocs  to  us,  and  turning  round  its  different  sides  to 
•ur  eye — sometimes  presenting  the  view  of  Ame- 
ca  and  the  Pacific  Ocean,  and  at  other  times, 
Asia,  Africa,  Europe,  and  the  Atlantic — sometimes 
ippesring  like  a  large  crescent,  or  half  moon,  and 
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at  other  times  with  a  full  enlightened  hemisphere. 
Were  we  placed  on  tiie  surface  of  Venus,  we 
should  behold  the  globe  on  which  we  live  appear- 
ing in  the  azure  sky  like  a  large,  bright  star,  as  that 
planet  appears  to  us  when  an  evening  or  morning 
star;  and  the  moon,  which  appears  so  large  in  our 
firmament,  would  be  seen  only  like  a  very  small 
star,  very  near  the  earth,  and  constantly  moving 
around  it.  At  certain  times,  the  earth  would  ap- 
pear nearly  ten  times  larger  than  Venus  dons  to  us, 
and  would  present  the  appearance  of  a  sn)all  bril- 
liant moon.  Were  we  placed  on  the  planet  Mars, 
which.is  much  farther  from  the  sun  than  Venus 
the  Earth  would  appear  alternately  as  a  morning 
and  evening  star,  exhibiting  clilt'ereut  phases,  as 
Venus  does  to  us,  but  with  a  less  degree  of  size 
and  splendor.  It  might  not,  perhaps,  shine  with 
so  much  brilliancy  as  Venus,  but  it  would  probably 
appear  with  a  luster  similar  to  that  which  Mars 
presents  to  us.  Nor  need  it  be  wondered  at  that 
the  earth  should  appear  as  a  luminous  body  from 
such  distant  positions;  for  we  have  demonstrative 
proof  thai  Venus,  Mars,  and  all  the  other  planets, 
though  they  appear  like  shining  orbs,  are  in  reality 
dark  bodies  like  the  earth,  and  have  no  light  of 
their  own  but  what  they  receive  from  tlie  sun; 
and  it  is  only  when  the  portions  of  their  sidea 
which  are  enlightened  by  the  sun  are  turned  to  ua 
that  they  are  seen  in  the  heavsns.  On  some  oc- 
casions, the  dark  side  of  Venus  is  completely 
turned  toward  the  earth,  and  then  she  is  invisible; 
and  sometimes,  when  in  tiiis  position,  has  been 
seen,  like  a  dark  spot,  to  pass  across  the  face  of 
the  sun.  These  and  other  circumstances  demon- 
strate that  the  planets  are  in  themselves  dark  bo- 
dies, and  shine  only  by  reflection ;  and  conse- 
quently that  the  earth,  though  a  dark  body,  will 
appear  to  shine  at  a  distance  by  reflecting  the  solar 
rays  which  fall  upon  it,  as  the  moon  does  to  us. 

We  have  already  proved,  that,  as  a  planet,  the 
earth  turns  round  its  axis  every  twenty-four  hours; 
and,  in  the  sequel,  we  shall  endeavor  to  show  that 
it  also  moves  round  the  sun  in  company  with  the 
other  planets.  In  the  meantime,  we  may  take  a 
brief  view  of  the  surface  of  our  globe,  which,  in 
some  of  its  features,  may,  perhaps,  resemble  those 
of  some  of  the  other  planetary  worlds. 

When  we  cast  our  eyes  around  us,  and  take  a 
general  survey  of  the  surface  of  the  earth,  thou- 
sands of  objects  present  themselves  to  the  view 
which  demand  attention.  One  of  the  most  obvi- 
ous and  common  arrangements  which  we  behold 
in  almost  every  country,  is  the  verdant  covering 
of  the  earth,  which  is  formed  by  an  assemblage  of 
herbs,  plants,  shrubs,  and  trees  of  various  shades, 
which  diversify  the  landscape,  and  refresh  ihe  or- 
gans of  vision;  for  there  is  no  color  so  pleasing, 
and  which  refreshes  the  eye  somuchas  the  varioua 
shades  of  green.  When  we  enlarge  the  circle  of 
our  view  by  traveling  through  different  countries, 
we  behold  objects  of  a  more  grand  and  magnifi- 
cent description;  ranges  of  mountains,  hundreds 
of  miles  in  length,  with  their  summits  rising  above 
the  clouds,  presenting  a  scene  of  rugged  grandeur 
and  subliuiity;  rivers,  rolling  their  vast  masses  of 
waters,  in  courses  of  hundreds  or  thousands  o. 
miles  toward  the  ocean,  in  which  they  are  absorb- 
ed; the  ocean  itself,  in  its  numerous  windings, 
spreading  its  immense  sheet  of  waters  over  more 
than  half  the  globe,  rising  and  subsiding  at  certain 
intervals,  and  forming  a  medium  of  communica- 
tion between  the  most  distant  regions  of  the  globe. 
In  various  regions  of  the  earth,  we  behold  expan- 
sive lakes  and  inland  seas  diversified  with  nume- 
rous islands,  lofty  and  abrupt  precipices,  capea 
and  promontories,  dashing  cataracts,  unfathomabla 
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caverns,  rapid  whirlpools,avalaiiches  hurling  down 
the  declivities  of  lofty  tnountaiiis,  the  icebergs  of 
the  polar  regions,  the  luxuriant  scenes  of  the  tor- 
rid zone,  and  numerous  volcanoe,-;  surrounded  with 
smoke,  and  pouring  forth  from  their  craters,  ashes, 
flames,  red-hot  stones,  and  streams  of  molted  lava 
on  the  surrounding  regions. 

When  we  contemplate  our  glohe  in  i(s  largest 
and  most  general  features,  we  find  its  surface  di- 
vided from  north  to  soulh  by  two  large  bands  of 
earth,  and  two  still  larger  biiuds  of  water,  which 
exhibit  a  somewhat  irregulitr  appearance,  present- 
ing a  number  of  wavings  and  indentations,  and  a 
great  difterence  of  breadth  in  different  jilaces. 
The  first  hand  of  earth  is  the  Eastern  Continent, 
comprehending  Europe,  Asia,  and  Africa,  the 
greatest  length  of  which  is  in  a  line  beginning 
about  the  northern  part  of  Tartary,  and  extending 
to  the  Cape  of  Good  Hope,  or  from  A  to  B,  fig. 
31,  which  line  measures  about  10,000  miles  from 
north-east  to  south-west.  This  body  of  land  con- 
tains thirty-six  millions  of  square  miles,  forming 
nearly  one-fifth  of  the  surface  of  the  terraqueous 
globe.  The  other  band  of  earth  is  the  Western 
Continent,  which  comp'-ehends  North  and  South 
America.  Its  greatest  length  is  in  a  line  fiom 
the  mouth  of  the  river  Plata,  in  South  America, 
to  the  land  beyond  Hudson's  bay,  or  from  C  to  D. 
This  line  measures  eight  thousand  miles;  and  the 
whole  of  this  continent  contains  fourteen  millions 


of  square  miles,  heing  little  more  than  one-third 
of  the  western  continent.  South-east  of  the  west- 
ern continent  is  a  large  body  of  land,  which  may 
be  considered  as  a  third  continent;  namely.  New 
Holland,  which  is  2400  miles  in  length,  and  180  ) 
in  breadth,  and  contains  nearly  three  millions  of 
Bquare.  miles.      Beside  the  bands  of  earth    now 


specified,  there  are  numerous  extensive  portions 
of  land  disjjersed  tliroughout  the  ocean,  such  as 
the  islands  of  Madagascar,  Sumatra,  Borneo,  New 
Guinea,  Great  Britain,  Ireland,  and  hundreds  of 
others. 

Between  llie  two  large  continents  now  stated, 
lie  two  immense  bands  of  water,  which  arc  called 
the  Pacific  and  the  Atlantic  oceans.  The  Pacific 
is  at  least  11,000  miles  from  north  to  south,  and 
10,000  miles  in  breadth  from  east  to  west.  The 
Atlantic  is  about  3000  miles  broad  from  east  to 
west,  and  more  than  10,000  miles  in  length  from 
north  to  south.  It  lies  between  the  western  shores 
of  Europe  and  Africa,  and  the  eastern  shores  ot 
America.  I'he  Pacific  occupies  the  whole  range 
between  the  western  coasts  of  America  and  the 
eastern  coasts  of  Asia,  occupying  nearly  the  one- 
half  of  the  globe.  The  relative  positions  of  these 
continents  and  oceans  will  be  seen  by  an  inspec- 
tion of  lig.  31,  where  it  may  be  noticed  that  the 
projections  of  the  eastern  side  of  the  American 
continent  nearly  correspond  with  the  indentations 
of  the  western  side  of  the  eastern  continent;  so 
that,  if  we  could  conceive  the  two  continents 
brought  together,  they  would  nearly  correspond, 
so  as  to  form  one  compact  continent,  with  two  or 
three  small  gulfs  between  them.  The  following 
are  nearly  the  dimensions  of  the  different  oceans. 
The  Pacific  covers  eighty  millions  of  square  miles; 
which  is  far  more  than  the  extent  of  all  the  dry 
land  on  the  face  of  the  earth.  The  Atlantic 
covers  twenty-five  millions;  the  Indian  ocean, 
thirteen  millions;  the  Southern  ocean,  twenty-fivo 
nullions;  the  Northern  ocean,  five  millions;  the 
Mediterranean,  one  million;  the  Black  Sea,  170,- 
000  square  miles;  the  Baltic,  17.5,000;  the  North 
Sea,  100,000.  And  if,  as  La  Place  has  estimated, 
the  tides  demand  an  average  depth  of  three  miles, 
the  whole  ocean  will  contain  450  millions  of  cubic 
miles.  The  whole  surface  of  the  ocean,  then, 
contains  about  149  millions  of  square  miles,  which 
is  more  than  three  times  greater  than  the  surface 
of  the  land,  which  contains  only  forty-nine  mil- 
lions of  square  miles. 

Around  this  va^t  body  of  land  and  water  the 
Creator  has  tlirown  an  atmosphere,  or  body  of 
air,  which  is  as  essential  to  the  existence  and  com- 
fort of  the  living  beings  that  dwell  on  its  surface, 
as  any  other  arrangement  respecting  our  world. 
The  denser  part  of  this  body  of  air  extends  to  the 
hight  of  about  forty-five  miles  above  the  surface 
of  the  earth,  but  its  density  gradually  decreases 
in  proportion  as  we  ascend  into  its  higher  regions; 
and  at  a  certain  hight  it  is  unfit  for  respiration 
and  giving  play  to  the  animal  functions.  This 
atmosphere,  though  almost  impalpable  to  our 
senses,  is  now  ascertained  to  be  a  con^pound  sub- 
stance, composed  of  two  very  different  and  almost 
opposite  substances,  as  to  their  qualities.  One  of 
its  ingredients,  which  forms  about  four-fifths  of 
the  whole  atmosphere,  is  of  such  a  nature  that  no 
fire  will  burn  in  it,  and  if  man  or  other  animals 
j  breathe  it,  life  is  almost  instantly  extinguished. 
The  other  ingredient,  which  forms  only  one-fifth 
of  the  atmosphere,  is  the  principle  of  combustion, 
and  produces  the  most  rapid  and  splendid  defla- 
gration of  all  combustible  substances,  and  even  a 
steel  wire,  made  red  hot,  if  plunged  into  this  spe- 
cies of  air,  will  take  fire  and  burn  with  the  utmost 
brilliancy.  Animals  might  breathe  it  for  some 
time  without  much  annoyance;  but  it  would  soon 
waste  the  functions  of  the  animal  system  It  is 
by  an  admirable  combination  of  these  two  oppo- 
site principles  that  the  air  we  breathe  is  consti- 
tuted; and  in  this  combination,  the  wisdom  and 
goodness  of  our  beneficent  Creator  is  clearly  mn- 
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nifested;  for  had  these  principles  been  combined 
in  a  very  different  proportion,  pain,  suffocation, 
or  deatli  migiit  have  been  produced  in  all  animals 
that  breathed  it.  It  is  in  this  atmosphere  that  (he 
birds  fly,  and  the  clouds  are  suspended — wiiere 
rain,  had,  and  snow  are  formed — wliere  a  portion 
of  liie  ocean,  of  the  seas,  and  of  the  rivers,  is 
continually  ascending,  to  form  those  clouds  which 
water  and  fructify  the  earth — it  is  ihe  medium  in 
which  whirlwinds  rajre,  and  lightnings  flush,  and 
thunilers  roll;  and  were  itsweptfroui  the  earth,  or 
were  its  constituent  (irinciplea  m:iterially  clianjred, 
everj'  living  being-  would  soon  disappear  from  all 
the  regions  of  earth,  air,  and  sea.  Were  the  Crea- 
tor disposed  to  destroy  the  human  race  on  account 
of  their  transgressions,  he  has  only  to  extract  one 
of  the  ingredients  which  compose  the  atmosphere 
which  surrounds  us,  and  the  awful  catastrophe  is 
at  once  accomplished;  so  that,  in  his  "hand  is 
the  soul  of  every  living  thing,  and  the  breatli  of 
all  mankind."  But  his  forbearance,  in  this  re- 
spect, is  a  palpable  evidence  tliat  he  is  "  slow  to 
anger,"  "merciful  and  gracious,"  "abundant  in 
goodness,"  and  that  "his  tender  mercies  are  over 
all  his  works." 

la  regard  to  the  magnitude  of  the  earth,  it  may 
be  stated  that  its  circumference,  or  a  line  going 
quite  round  it,  measuies  about  24,912  miles;  and, 
of  course,  its  diameter,  or  a  line  passing  from  cue 
side  to  anotlier  through  its  center,  measures  7930 
miles,*  and  the  number  of  square  miles  on  its 
surface  is  about  197  millions.  It  has  been  ascer- 
tained, by  various  experiments  and  measurements, 
that  the  earth,  strictly  speaking,  is  not  exactly  of 
the  shape  of  a  globe,  but  of  an  oblate  spheroid, 
being  somewhat  flattened  at  the  poles,  and  having 
its  polar  diameter  about  twenty-six  miles  shorter 
than  the  diameter  passing  through  the  equator. 
But  tiie  difference  is  so  small,  compared  with  the 
whole  bulk  of  the  earth,  that  though  a  spheroid 
were  constructed  of  the  exact  shape  of  the  earth, 
and  fifteen  feet  in  diameter,  it  could  not  be  distin- 
guished by  the  eye  from  a  common  globe. 

To  some  readers  it  may  appear  somewhat  strange 
that  we  should  speak  with  so  much  confidence  of 
the  bulk  and  dimensions  of  the  world  we  live  in, 
which  has  never  yet  been  completely  explored; 
and  they  may,  perhaps,  wish  to  know  how  it  is 
possible  to  determine  its  magnitude,  figure,  and 
other  properties  and  relations.  It  must  be  con- 
fessed that  to  measure  the  earth,  and  determine 
its  ni'ignitude,  and  its  exact  figure,  is  one  of  the 
most  wonderful  enterprises  which  lias  ever  been  I 
undertaken  by  man.  How  shall  a  creature,  only  \ 
six  feet  high,  whose  longest  measures  are  yards,  ! 
poles,  and  chains,  be  able  to  traverse  every  region 
of  this  great  world,  and  measure  its  dimensions? 
His  stature  and  his  longest  measures  are,  when 
compared  with  the  whole  earth,  hut  as  a  grain  of 
sand  to  a  range  of  mountains.  Beside,  there  are 
portions  of  the  e:irth  which  have  never  yet  been 
reached  either  by  sea  or  land;  and  altliough  he 
were  to  carry  his  measuring  lines  along  with  liim, 
anil  extend  them  to  furlongs,  miles,  and  leagues, 
yet  he  could   not  go  round  the  circumference  of 


*  As  the  circnmference  of  a  circle  or  globe  is  found  by 
matliematicians  to  bear  a  certain  definite  proportion  to  the 
diameter — when  the  one  is  linovvn  the  otiier  is  easily  deter- 
mined by  calculation.  The  proportion  ol  the  circumference 
of  a  circle  to  its  diameler  is  nearly  as  22  to  7 — more  accn- 
lately  as  3.1416  to  1.  Therefore,  if  we  multiply  the  circnm- 
ference by  7,  and  divide  the  product,  by  22,  we  obtiiin  the 
diameter,  nearly.  And  if  we  multiply'the  diameter  by  22, 
and  divide  by  7,  we  obtain  the  circumference.  But  we  ob- 
tain lh<!  res\iU  more  accurately  by  multiplying  the  diameter 
By  ;>.14IG,  in  order  to  obtain  the  circumference;  and  by  di- 
viding the  circumference  by  3.1416,  to  obtain  the  diameter. 


I  the  earth  to  obtain  its  exact  measure.     Mountains, 
rivers,  seas,  and  oceans,  and  many  ot.ier  obstacles 
would  be  continual  impediments  in  his  way,  and 
would  soon  put  an  entire  stop  to  his  progress,  and 
I  the  attainment  of  his  object.     But,  notwithstand- 
I  iug  such  difficulties,  man,  by  the  exercise  of  his 
I  rational  powers,  and    the  knowb-dge   he  has  ac- 
(juired  of  the  |)o.sitions  and    motions  of  ilie  hea- 
!  venly  bodies,  has  been  enabled  to  determine,  to  a 
■  very  near  approximation,  the  exact  dimensions  of 
his  earthly  habitation,  without  putting  himself  to 
the  trouble   of  traveling  to   the  most  distant  re- 
gions, or  even  removing  from  the  land  of  his  na-, 
tivity.  ' 

When  the  earth  was  ascertained  to  be  nearly 
of  a  globular  figure,  and  when  the  method  was 
discovered  of  finding  the  distance  of  any  place 
from  the  equator,*  or,  in  other  words,  its  latitude, 
a  foundation  was  laid  for  finding  the  circumfer- 
ence, and  other  dimensions  of  the  globe.  Every 
circle,  or  every  circumference  of  a  sphere,  whe- 
ther great  or  small,  is  divided  into  three  hun- 
dred and  sixty  equal  parts.  This  number,  three 
hundred  and  sixty,  is  arbitrary,  and  any  other 
number,  such  as  four  hundred,  six  hundred,  or 
one  thousand,  miglit  have  been  fixed  apon;  but 
mathematicians,  in  most  countries,  have  fixed 
upon  three  hundred  and  sixty  as  the  number  of 
degrees  or  divisions  in  a  circle;  because,  in  the 
first  place,  it  v/as  formerly  supposed  to  be  about 
the  number  of  days  in  a  year,  and  in  the  next 
place,  because  it  is  a  number  that  may  be  divided 
into  halves,  quarters,  and  eighths,  without  frac- 
tions. Now,  in  order  to  obtain  the  dimensions  of 
the  earth,  it  was  only  necessary  that  one  degree 
on  its  surface  should  be  accurately  measured  in 
order  to  obtain  the  whole  circumference.  To 
accomplish  this,  we  must  draw  a  meridian  line 
— that  is,  a  line  that  runs  directly  north  and 
south,  at  any  place  we  make  choice  of  for  the 
first  station,  and  find  the  latitude  or  hight  of  the 
pole  at  that  particular  place.  We  must  then  pro- 
long the  meridian  line,  either  northward,  until 
we  come  to  a  place  where  the  latitude  is  exactly 
one  degree  more — or  southward,  until  it  is  one 
degree  less  than  'at  the  first  station.  We  must 
then  measure  the  distance  between  these  two 
places,  in  miles,  leagues,  yards,  or  any  other 
known  measures;  and  then  we  obtain  the  number 
of  miles,  etc.,  contained  in  one  degree,  or  the 
three  hundred  atid  sixtieth  part  of  the  earth's  cir- 
cumference; and  the  number  of  miles,  etc.,  con- 
tained in  one  degree,  being  multiplied  by  three 
hundred  and  sixty,  gives  the  whole  circumference 
of  the  earth.  And  when  the  circumference  is 
obtained,  the  diameter  may  be  found  by  the  rul5 
given  in  the  preceding  note  (p.  35).  And  when 
the  circumference  and  diatueter  are  known,  the 
number  of  square  miles  on  its  surface,  and  the 
number  of  cubical  miles  in  its  solidity  may  be 
obtained  by  an  easy  calculation.  But  although 
one  degree  accurately  measured  would  determine 
the  dimrnsions  of  the  earth,  yet  more  accuracy 
is  obtained  by  measuring  three,  five,  eight,  or  ten 
degrees,  as  has  been  done  by  several  European 
nations. 

On  the  general  principle  now  stated,  Mr.  Rich- 
ard Norwood,  in  the  year  1635,  attempted  to  find 
the  circumference  of  the  earth  by  measuring  a 
meridian  line  between  London  and   York.      Ha 


•  The  equator  is  a  great  circle  of  the  earth,  equally  dis- 
tant from  the  north  and  south  poles,  and  divides  the  globe 
into  two  equal  parts  called  Ihe  northern  and  southern  hemi 
spheres.  From  this  circle  the  latitudes  of  i)laces  are  count- 
ed, either  northward  or  southward.  It  is  represented  by  tilS 
line  E  a,  in  fig.  31. 
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took  the  sun's  altitude  when  in  the  summer  sol- 
stice, both  at  London  and  York,  with  a  sextant  of 
eight  feet  radius,  and  by  that  means  found  the 
difference  of  latitude  between  these  two  cities  to 
be  two  degrees  and  twenty-eight  minutes.  He 
then  measured  their  distance,  in  as  exact  a  man- 
ner as  possible;  and  having  taken  into  the  account 
all  the  turnings  and  windings  of  the  road,  with 
the  ascents  and  descents,  lie  reduced  it  to  an  arc 
of  the  meridian,  and  found  it  to  contain  12,849 
chains;  and  this  distance  being  compared  with 
the  difference  of  latitude,  gave  5,21)9  chains, 
or  367,200  English  feet  to  a  degree,  which  is 
equal  to  sixty-nine  and  a  half  miles  and  four- 
teen poles,  and  which  was  considered  as  a  near 
approximation  to  the  truth,  according  to  wliich 
the  circumference  of  the  earth  would  be  about 
25,035  miles.  Since  his  time,  various  admeasure- 
ments have  been  made  of  different  parts  of  the 
earth's  surface,  from  which  its  extent  has  been 
etili  more  accurately  ascertained.  The  French 
have  measured  a  meriaian  line  extending  from 
Dunkirk  to  Fornientara,  an  island  in  the  Mediter- 
ranean, an  extent  of  about  eight  degrees;  and  a 
trigonometrical  survey,  for  the  same  purpose, 
under  the  direction  of  the  British  Government, 
has  latelj''  been  extended  over  Great  Britain. 
From  all  the  admeasurements  hitherto  made,  it 
appears  that,  on  an  average,  a  degree  of  the  mer- 
idian may  be  reckoned  at  sixty-nine  and  one-fifth 
English  miles;  which  makes  the  circumference  of 
the  gioLie  21,912  miles.  It  may  just  be  noticed 
further,  on  this  point,  that,  as  the  eartli  is  not  an 
exact  sphere,  but  a  spheroid,  a  degree  of  latitude 
must  measure  more  in  the  polar  regions  than  near 
the  equator.  From  actual  measurements,  it  has 
been  found  that  a  degree  of  the  meridian  in  Lap- 
land, measures  six  and  a  half  Engli-sh  furlongs 
more  than  a  degree  at  the  equator. 

2. — Proofs  of  the  annual  motion  of  the  Earth. 

We  have  formerly  demonstrated  the  diurnal 
rotation  of  the  earth,  which  causes  the  appearance 
of  the  rising  and  setting  of  the  sun,  moon,  and 
stars.  We  now  proceed  to  state  very  briefly  some 
of  those  considerations  or  arguments  by  which  it 
is  proved  that  the  earth  revolves  round  the  sun, 
as  the  center  of  the  system,  once  every  year. 

In  the  first  place,  there  are  certain  general  con- 
siderations that  render  it  highly  probable,  if  not 
certain,  that  the  earth  must  have  a  motion  round 
the  sun.  If  we  admit  the  annual  motion  of  the 
earth,  then  all  the  phenomena  of  the  heavens,  and 
,the  apparent  irregularities  of  the  planetary  mo- 
tions are  completely  accounted  for,  and  the  whole 
system  presents  a  scene  of  unity,  harmony,  and 
order,  worthy  of  the  perfections  and  the  plans  of 
Him  who  is  "  the  only  wise  God,'" — who  "  hath 
established  the  world  by  his  wisdom,  and  hath 
stretched  out  the  heavens  by  his  understanding." 
Whereas  if  the  earth  be  supposed  at  rest  in  the 
center  of  the  system,  the  order  and  harmony  of 
the  solar  system  appears  completely  destroyed. 
the  motions  of  the  planets  present  an  inextricable 
maze,  thc^ir  phenoHiena  cannot  be  accounted  for 
on  any  rational  principles,  and  no  evidence  of 
wisdom  can  be  traced  in  the  arrangements  of  the 
system  to  which  they  belong.  Again,  the  sun  is 
the  fountain  of  light  and  heat  for  irradiating  and 
cheering  all  the  planets  and  other  moving  borlies 
of  the  system,  and  therefore  it  is  necessary  that 
this  luminous  orb  should  be  placed  in  the  center, 
from  which  position  alone  its  rays  can  be  distri- 
buted in  proper  proportions  to  all  the  worlds 
wliich  revolve  around  it.    Were  the  earth  at  rest 


in  the  center  of  the  system,  and  the  sun  and  the 
planets  revolving  around  it,  as  was  formerly  sup- 
posed, the  planets  would  be  at  certain  times  al 
very  different  distances  from  the  sun;  and  couse 
quently,  in  one  part  of  their  orbits,  they  would 
be  scorched  with  superabundant  heat,  and  in  an- 
other part  frozen  with  insufferable  cold.  Bui 
from  the  center  of  the  system  the  emanations  of 
light  and  heat  can  be  equally  distributed  to  all  thfl 
planets,  whether  primary  or  secondary;  and  tha 
whole  presents  to  view  a  system  ofliarmouy  and 
order. 

The  following  summary  of  arguments  on  this 
point — did  our  limits  permit  us  to  explain  and 
illustrate  them — would  appear  demonstralivo  to 
every  one  who    is  acqujiiited   with    the   subject. 

1.  The  planets  Mercury  and  Venus  are  observed 
to  have  two  conjunctioiis  with  the  snn,  but  are 
never  in  opposition  to  tlsut  luminary,  that  is,  they 
are  never  seen  in  the  east,  or  opposite  part  of  tha 
heavens,  when  tlie  sun  has  just  set  in  the  west. 
Now  this  circumstance  could  not  possibl)' happen, 
unless  the  orbits  of  these  planets  lay  within  the 
orbit  of  the  earth.  If  they  revolved  around  the 
earth  as  a  center,  as  the  ancients  supposed,  tliey 
might  frequently  be  seen  in  opposition  to  the  sun. 

2.  The  greate.sl  elongation,  or  distance,  of  Mer- 
cury from  the  sun  is  twenty-nine  degrees;  and 
the  greatest  elongation  of  Venu«,  or  the  distance 
to  wiiich  it  ever  recedes  from  the  sun,  is  forty- 
eight  degrees,  which  correspond  exactly  with  the 
distances  assigned  them  in  the  system;  but  if 
they  moved  round  the  earth  as  a  center,  they 
would  sometimes  be  seen  one  hundi'ed  and  eighty 
degrees  from  the  sun, — a  circumstance  which 
was  ntver  observed  either  in  ancient  or  modern 
times.  3.  Tlse  planets,  Mars,  Jupiter,  and  Sat- 
urn, and  all  the  other  superior  planets,  have  each 
their  conjunctions  with  tb.e  sun,  and  oppositions 
to  him,  which  could  not  be  unless  their  orbits 
were  exterior  to  the  orbit  of  the  earth.  4.  In  the 
arrangement  of  the  planets — according  to  the 
system  which  places  the  sun  in  the  center— ^-they 
will  all  be  sometimes  much  nearer  the  earth  than 
at  other  times;  and,  consequently,  their  brightness 
and  apparent  diameters  will  be  proportionally 
greater  at  one  period  than  at  another,  which  cor- 
responds v/ith  every  day's  observations.'  But  ac- 
cording to  the  system  which  places  the  earth  in 
the  center,  their  .-ipparent  magnitudes  should  al- 
ways be  the  same,  which  is  contrary  to  fact;  the 
planet  Mars,  for  instance,  being  in  one  part  of  its 
course,  five  times  nearer  the  earth  than  in  an- 
other, and  consequently  appearing  twenty-five 
times  larger  in  surface.  5.  All  Ihe  planets,  in 
their  movements  through  the  heavens,  are  seen 
sometimes  to  move  toward  the  east,  sometimea 
toward  the  west;  and  at  certain  points  of  their 
orbits,  they  appear  fixed  for  some  time  in  the 
same  position;  all  which  diversities  of  apparent  mo- 
tion are  the  necessary  results  of  the  earth's  annual 
motion,  and  are  completely  accounted  for,  when 
the  sun  is  considered  as  the  center  of  the  system, 
and  the  earth  as  revolving  between  the  orbits  of 
Mars  and  Venus.  But  they  are  altogether  inex- 
plicable, on  the  supposition  that  the  earth  is  at 
rest  in  the  center  of  the  system.  G.  When  the 
planets  Mercury  and  Venus  are  viewed  through 
good  telescopes,  they  are  found  to  assume  different 
phases,  in  different  parts  of  their  orbit'i,  some- 
times appearing  gibbous,  sometimes  like  a  half 
moon,  and  at  other  times  like  a  crescent,  or  a  full 
enlightened  hemisphere — as  fornterly  explained; 
which  could  never  happen,  if  they  revolved  round 
the  earth  as  their  center,  and  if  the  oarth  v/cre  not 
placed  in  an  orbit  exterior  to  that  of  Venus.     But 
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such  phases  ara  the  necessary  result  of  this  posi- 
tion of  the  earth  in  tiie  solar  systern.  7.  The  hivv 
discovered  by  K<p!er,  that  "  the  squares  of  the 
per.ioilic  times  of  the  revolutions  of  the  planets 
are  in  proporlion  to  the  cubes  of  tlifir  mean  dis- 
tances iroui  t!)e  sun,"  is  a  law  which  is  pslahlished 
0!i  tiie  ino.-!t  accurate  observations,  and  by  which 
all  the  planets,  both  primary  and  secondary,  are 
regulated.  For  exaiuple,  Venus  revolves  round 
tlie  sun  in  2:2-1  days,  and  the  earth  in  '.i(yo,  and  the 
mean  distance  of  the  earth  from  the  sun  is  ninety- 
five  millions  of  miles.  Hence,  as  the  square  of 
365=1 3;i .225,  is  to  the  square  of  224=5U,176,  so 
is  the  cube  of  95,000.000==S57,375,O0O,li0(),00(),- 
000,000,000  to  afoui-lh  number,  wliieh  is  the  cube 
of  the  meau  distance  of  Venus  from  the  sun. 
And  if  the  cube  root  of  this  number  be  found,  it 
will  give  about  sixty-eight  millions  of  miles  for 
her  real  mean  distance.  But  this  law,  wii^h  ap- 
plies to  all  the  heavenly  bodies  without  exception, 
is  completely  set  aside  and  destroyed,  were  the 
sun  and  planets  to  be  considered  .-.s  moving  round 
the  earth  as  the  center  of  their  motions.  In  short, 
were  we  to  suppose  the  earth  at  rest  in  the  center 
of  the  planetary  system,  the  motions  of  all  the 
planets  would  present  a  scene  of  inextricable 
confusion — a  scene  of  such  disorder  and  confu- 
sion, as  would  puzzle  not  only  man,  but  the  most 
intelligent  archangel  to  account  for,  and  to  explain 
in  consistency  with  the  perfections  of  a  Bt;ing  of 
infinite  wisdom  and  intelligence.* 

The  most  complete  and  sensible  demonstration 
of  the  annual  motion  of  the  earth  is  furnisheil  by 
Dr.  Bradley's  discovery  of  "the  aberration  of  the 
light  of  the  fixed  stars."  In  endeavoring  to  de- 
termine the  animal  parallax  of  the  stars,  he  dis- 
covered that  they  are  not  motionless,  but  that, 
during  the  time  the  earth  takes  to  traverse  its 
orbit,  such  of  them  as  are  in  a  plane  perpendic- 
ular to  this  orbit,  appear  to  describe  circles. 
This  is  the  phenomenon  called  '•  the  aberration 
of  light,"  which  is  found  to  be  the  motion  of 
light  combined  with  the  progressive  motion  of 
the  earth  in  its  orbit,  which  causes  the  stars  to 
be  seen  in  a  different  position  from  what  they 
would  be  if  the  eye  wt're  at  rest.  But  as  the 
explanation  of  this  phenomenon  would  require 
some  minute  details,  and  several  figures  for  its 
illustration,  and  as  it  might  not  be  understood  by 
general  readers,  we  will  defer  in  the  meantime 
from  entering  upon  any  further  statements.  We 
may  just  remark,  that  the  fact  of  the  aberration 
of  the  stars  exhibits  the  motion  of  the  earth  to 
our  senses  as  clearly  as  if,  from  a  fixed  point  in 
the  lieavens,  we  actually  beheld  it  pursuing  its 
course  through  the  ethereal  regions. 

It  is  of  importance  that  we  acquire  clear  and 
convincing  views  on  this  subject,  in  order  that 
we  may  entertain  correct  and  honorable  concep- 
tions of  the  perfections  of  the  Creator,  and  of  the 
wisdom  and  intMligence  displayed  in  the  arrange- 
ments of  his  works.  For.  in  all  cases,  we  judge 
of  the  character  and  perfections  of  the  designer 
and  workman  from  the  qualities  and  perfections 
which  appear  in  their  works.  If  we  view  the 
works  of  the  Alnjignty  through  a  distorted  medi- 
um, we  shall  be  apt  to  entertain  incorrect  and 
distorted  views  of  the  attributes  of  Him  who  de- 
signed and  formed  them.  If  we  view  the  earth 
as  at  rest  in  the  center  of  creation,  and  the  sun, 

•  Tliose  who  would  wish  to  fee  a  full  illustration  of  t)ie 
Rljove  argnnienls  are  referred  to  "  Celestial  Si-enerr,  or  ihe 
VVoiiilers  of  the  I'lanetary  Syitem  Di~)>layed;"iVol.  II, 
Book  2,  of  this  edition,]  where  the^e  and  several  other  argu- 
ments are  illustrated  in  miiiate  detail,  and  by  reterence  to 
eogiaviDgs. 


moon,  planets,  eoniels,  and  stars — in  other  words, 
the  whole  universe — revolving  around  us  every 
day,  with  motions  so  rapid  as  to  exceed  all  calcu- 
lation aiui  comprehension  ;  or  if  we  suppose  the 
planets  moving  backward  and  forward  without 
any  order,  and  presriiling  in  their  motions  a 
series  of  looped  curves  and  mazes  without  any 
nsarks  of  design,  and  exhihting  a  scene  of  inex- 
tricable confusiin;  we  should  scarcely  he  led  to  en- 
tertain hifihand  honorable  conceptions  of  the  wis- 
dom of  Him  who  toniied  such  arrangements;  for 
Ihe  marks  of  Divine  intelligence,  on  such  suppo- 
sitions, would  nowhere  appear.  Whereas,  in  the 
true  system  of  the  universe  which  science  has 
laid  open,  tiie  marks  of  wisdom  and  intelligence, 
harmony  and  design,  are  everywiiere  apparent, 
and  present  a  scene  of  operation  worthy  of  the 
perfections  of  Him  who  "established  the  world 
by  his  wisdom,"  and  whose  "understanding  is 
infinite."  Hence  the  necessity  of  acquiring  cor- 
rect views  of  the  works  of  creation  and  provi- 
dence, and  of  tiie  arrangements  which  exist  in 
reference  to  our  world,  and  to  tlie  universe  around 
us;  for  upon  such  views  our  conceptions  of  the 
great  object  of  our  adoration  will,  in  a  great 
measure,  depend.  When,  th.erefore,  we  obey  the 
Divine  command  and  "  lift  up  our  eyes  on  high, 
and  behold  the  wonders  of  Almighty  Power," 
and  "stand  still  and  consider  the  wonderful  works 
of  God,"  we  are  to  contemplate  them,  not  through 
the  mists  of  ignorance,  or  vulgar  prejudice,  nor 
with  the  vacant  stare  of  a  savage  ;  but  with  the 
eye  of  a  Christian  philosopher,  and  through  the 
light  wliich  modern  science  lias  diffused  over  the 
wonders  of  creation  ;  and  tiie  more  we  contem- 
plate them  in  this  light,  liie  more  clear  and  ex- 
pansive will  our  conceptions  be  of  the  attributes 
of  the  "high  and  lofty  One  who  inhabiteth  eter- 
nity," and  who  presides  over  all  the  movements 
of  the  universe. 

(3.) — Phenomena  arising  from  the  annual  7!iotion 
of  the  earth. 

In  the  first  place,  if  the  earth  revolve  around 
the  sun  once  every  year,  it  is  evident  that  the  sua 
will  appear  to  make  a  revolution  round  the  hea- 
vens in  the  same  period.     In  fig  32,  let  S  repre- 


sent the  sun  at  rest  in  the  center,  and  A  B  C  D 
the  earth  in  four  positions;  and  let  us  suppose  the 
earth  to  move  in  the  order  of  the  letters  A  B  C  D; 
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it  is  evident  that  vvlien  the  earth  is  at  A,  the  sun 
will  appear  in  that  part  of  the  heavens  where  flie 
stars  at  G  are  situate.  When  the  earth  lias 
moved  to  B,  the  sun  will  appear  to  have  moved 
to  the  stars  opposite  H  ;  and  in  like  manner, 
when  the  earth  has  moved  to  C,  the  sun  will  ap- 
pear opposite  to  E  ;  and  when  it  has  moved  to 
D,  the  sun  will  appear  at  F;  after  which  it  will 
again  appear  at  G,  when  the  earth  has  moved  to 
A.  And  as  the  earth  revolves  around  the  sun 
in  t'  e  orbit  A  B  C  D,  so  the  sun  will  appear  to  a 
spectator  on  the  earth  to  describe  the  circle  in  the 
heavens  E  F  G  H.  Hence  it  is  that  we  see  the 
sun  gradually  proceeding  in  his  course  round  the 
concave  of  the  sky  from  west  to  east  at  the  rate 
of  nearly  one  degree  every  day,  through  the 
twelve  signs  or  constellations  of  the  zodiac;  and 
at  the  end  of  a  year,  he  returns  to  the  same 
point  from  which  he  set  out.  Hence  also  it 
follows,  that  if  the  plane  of  the  earth's  orbit 
be  imagined  to  be  extended  to  the  heavens,  it 
would  cut  the  starry  firmament  in  that  very 
circle  in  which  a  spectiitor  in  the  sun  would 
see  the  earth  revolve  every  year,  while  an  inhabi- 
tant of  the  earth  would  observe  the  sun  to  go 
through  the  same  circle  in  the  same  space  of 
time.  This  circle  is  called  the  Ecliptic,  or  the 
apparent  path  of  the  sun  through  the  heavens. 
And,  although  the  path  of  the  sun,  and  the 
particular  stars  he  is  passing  along,  cannot  be 
seen  in  the  day-time,  yet,  from  observing  the 
stars  that  are  directly  opposite  to  him  at  night, 
we  can  tell  at  any  time  what  particular  stars 
the  sun  is  passing  along  in  every  part  of  his 
course. 

The  inhabitants  of  all  the  other  planets  will 
perceive  similar  motions  in  the  sun  as  we  ob- 
served, but  performed  in  diiferent  periods  of  time, 
according  to  the  times  of  their  annual  revolu- 
tions. For  e.\am[)le,  an  inhabitant  of  Jupiter 
would  see  the  sun  apparently  revolving  around 
him,  describing  a  circle  in  the  heavens  in  the 
space  of  twelve  years.  This  circle  would  not  be 
exactly  the  same  as  our  ecliptic,  because  the  orbit 
of  this  planet  is  somewhat  inclined  to  the  orbit 
of  the  earth  ;  but  it  would  pass  very  near  it. 
In  the  course  of  one  of  our  years  the  sun,  from 
Jupiter,  would  appear  to  pass  through  only  a 
twelfth  part  of  the  circumference  of  the  hea- 
vens. The  sun  from  Saturn  will  appear  to  move 
in  another  circle  in  twenty-nine  years  and  a  half; 
and  a  spectator  in  Venus  will  see  the  sun  moving 
in  a  circle  different  from  all  these,  with  greater 
apparent  rapidity,  in  the  space  of  seven  and  a 
half  months.  All  these  apparent  motions  of  the 
sun  arise  from  the  real  motions  of  the  respective 
planets. 

In  the  next  place,  the  annual  revolution  of  the 
earth  shows  the  reason  why  we  behold  one  set  of 
stars  in  our  firmament  at  one  season  of  the  year, 
and  another  set  of  stars  at  a  different  season. 
For  example,  in  our  latitude,  the  stars,  and  con- 
stellations which  are  seen  during  the  winter 
months,  in  the  south,  are  altogether  different  from 
those  which  are  seen  iu  summer;  and  those  stars 
which  surround  the  pole  in  the  north,  and  which 
never  set,  if  they  are  below  the  pole  in  winter, 
they  will  be  seen  as  far  above  the  pole  in  summer. 
At  the  equator,  where  all  the  stars  rise  and  set, 
the  stars  which  appear  in  the  middle  of  winter 
ire  all  completely  different  from  those  which  are 
seen  at  the  same  hour  in  the  middle  of  summer. 
This  is  easily  explained  by  the  preceding  diagram 
(fig.  32),  in  which  the  earth,  in  four  situations  in 
ts  orbit,  appears  half  enlightened  and  half  in 
the   dark,  representing  day  and  n  ght.     When   it 


is  at  A,  the  sun  will  appear  at  noon  at  G,  and  v-j- 
scure  all  the  stars  in  the  heniis|)here  F  G  H; 
whereas  at  midnight  the  point  of  the  heavens  E 
will  be  in  the  meridian,  and  all  the  stars  in  the 
other  hemisphere  F  E  H  will  be  visible.  Three 
months  aftervvard,  when  the  earth  comes  to  the 
situation  B  ;  the  sun  at  noon  will  be  seen  at  II, 
and  all  the  heavens  G  H  E  will  be  day,  ilinini- 
nated  by  the  sun  ;  and  over  all  the  other  half  E 
F  G,  the  stars  will  shine  at  night.  Consequi-ntly, 
the  stars  in  the  quarter  F  G  will  now  be  visible, 
which  in  the  former  position  were  obscured  by  the 
sun,  and  those  in  the  quarter  H  E,  formerly  visi- 
ble, will  become  obscured  by  day-liglit.  In  like 
manner,  when  the  earth  is  at  C,  the  heavens  H 
E  F  will  be  day,  and  F  G  H  night,  where  all  the 
stars  which  were  obscured,  when  the  earth  was 
at  A,  will  now  be  visible.  And,  lastly,  when  the 
earth  is  at  D,  the  stars  and  constellations  in  the 
hemisphere  E  F  G,  will  be  obscured  by  the  light 
of  the  sun,  and  tliose  on  G  H  E  will  be  visible 
during  the  night.  Hence,  every  one  who  is  ac- 
customed to  look  at  the  heavens  will  have  observ- 
ed that  the  bright  constellation  Orion,  the  brilli- 
ant star  Sirius,  which  follows  it,  and  the  Pleiades, 
or  seven  stars,  which  are  visible  in  the  southern 
part  of  the  firmament  during  winter  and  the  ap- 
proach of  spring,  are  never  seen  during  the  sum- 
mer months,  because  the  sun  is  then  illuminating 
that  portion  of  the  heavens  where  they  are  situate; 
but  they  may  be  seen  in  the  day-time  by  means 
of  equatorial  telescopes. 

(4.) — On  the  desfination   of  the  earth,  or  the  final 
cause  of  its  creation. 

In  the  creation  of  the  material  universe,  the 
Creator  must  have  had  some  grand  designs  iu 
view,  beside  the  mere  formation  of  immense 
globes  of  matter  and  setting  them  in  motion 
and  arranging  them  into  sj'stems.  In  so  far  as 
we  are  able  to  penetrate,  it  appears  demonstrable 
that  matter  exists  chiefly,  if  not  solely,  for  the 
sake  of  sentient  and  intellectual  beings.  This 
evidently  appears  to  have  been  the  chief  design 
for  which  our  globe  was  created;  and  we  have  the 
strongest  reason  to  conclude  that  this  was  the 
main  end  for  which  all  the  other  planetary  globes 
belonging  to  the  solar  system  and  to  other  sys- 
tems, were  brought  into  existence.  Hence  it  is 
declared  in  the  sacred  oracles,  when  reference  is 
made  to  the  formation  of  our  globe,  "God  formed 
the  earth  and  made  it; — he  created  it  not  in  vain; 
he  formed  it  to  be  inhabited  ;"  which  evidently 
implies,  that  to  have  created  it  without  the  design 
of  its  being  inhabited,  would  have  been  an  in- 
stance of  folly  inconsistent  with  the  perfections 
of  Him  whose  wisdom  and  intelligence  are  infi- 
nite; and  the  same  reasoning  will  apply  to  all  the 
other  planets,  which  appear  to  be  furnished  with 
every  accommodation  adapted  to  sensitive  and  in- 
tellectual enjoyment. 

In  peopling  the  earth  and  other  globes  with  in- 
habitants, the  Creator  evidently  intended  to  give  a 
display  of  his  perfections  to  beings  capable  of  con- 
templating it,  and  to  promote  their  sensitive  and 
mental  enjoyment.  The  happiness  of  his  crea- 
tures must  have  been  one  grand  design  which  the 
Creator  had  in  view,  when  he  breathed  into  them 
the  breath  of  life,  ami  made  them  rational  and  im- 
mortal beings.  Accordingly,  we  find  that  when 
man  was  at  first  j)Iaced  upon  this  globe,  every- 
thing that  was  beauliful  to  the  eye  and  the  imagi- 
nation, and  pleasant  to  the  taste,  was  prepareil  for 
his  accommodation  and  comfort.  The  waters 
were  separated  from  the  dry  land — the  earth  was 
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adornea  with  verdure  —  rivers  and  refresliing 
streams  flowed  around  liiin  to  increase  his  pleas- 
ures— trees,  and  plants,  ;ind  flovvers  of  every  form 
and  hue  diversilied  and  embellished  the  landscape. 
Light  was  formed,  and  celestial  luminaries  ap- 
pointed to  diffuse  its  radiance — a  canopy  was 
tlirown  around  his  habitat tion  adorned  with  thou- 
sands of  shining  orb*,  to  elevate  his  contempla- 
tions to  other  provinces  of  his  Creator's  do- 
minions— every  plant  and  tree  yielding  delicious 
fruit  was  provided  to  gratify  his  taste,  and  afford 
him  sustenance;  and  all  the  inferior  ranks  of  sen- 
sitive existence  were  placed  under  his  dominion. 
One  chief  design  of  the  Almighty,  in  tliese  ar- 
rangements, was  to  show  man  his  dependence,  to 
make  him  an  adorer, and  a  being  capable  of  know- 
ing and  honoring  liis  Creator  and  bountiful  Bene- 
factor. He  gave  him  a  law  which  implied  supreme 
love  to  his  Maker,  and  obedience  to  his  will;  and 
as  an  external  sign  of  his  obedience  he  said  to 
him:  "Behold  all  the  trees  of  the  garden  in  which 
I  have  placed  thee;  of  every  one  of  them  thou 
niayest  freely  eat — only  thou  shall  forbear  eating 
the  fruit  of  the  tree  of  knowledge."  This  reserve 
' — which  has  been  so  frequently  objected  to — did 
in  reality  constitute  the  chief  glory  of  man.  None 
of  the  inferior  animals  knew  their  origin  or  their 
Benefactor,  they  could  give  no  testimony  of  grati- 
tude, nor  could  they  exhibit  any  shadow  of  reli- 
gion. Man  alone  was  elevated  to  a  rank,  and  en- 
dowed with  faculties  so  as  to  know  to  whom  he 
is  indebted  for  all  his  enjoyments — and  he  alone 
was  taught  to  express  his  gratitude  to  the  Giver 
of  all  good  I  This  constituted  the  true  glory  of 
man,  and  his  superiority  over  all  the  other  tribes 
of  sensitive  existence.  It  was  a  great  and  honora- 
ble prerogative  conferred  upon  him  to  be  able  to 
obey  his  Benefactor,  and  to  adore  the  hand  v/liich 
had  loaded  him  with  blessings:  and  therefore  it 
Was  proper  that  a  visible  emblem  of  his  obedience, 
or  the  contrary,  should  be  continually  before  his 
eyes.  The  supreme  Creator  stood  in  no  need 
either  of  the  fruit  of  a  certain  tree,  or  of  the 
Opinions  or  sentiments  of  man  respecting  it.  But 
it  was  fit  that  man  shoidd  make  an  express  pro- 
fession of  his  gratitude  and  veneration  :  and  there- 
fore the  sole  exception  which  God  made  in  his 
first  transaction  with  man,  was  at  once  the  me- 
morial of  his  gratitude,  and  the  pul)lic  expression 
of  his  piety  and  submission  to  tlie  divine  will. 

But  we  know  that  man  did  not  remain  in  his 
primeval  state  of  innocence  and  happiness,  but  by 
his  disobedience  "  brought  death  into  the  world, 
and  all  our  woe."  For  proof  of  this  position,  we 
have  no  need  to  enter  into  long  trains  of  reason- 
ing, or  even  to  appeal  to  the  records  of  revelation. 
Tlie  fact  of  man's  fall  and  disobedience  is  written 
on  the  whole  history  of  our  world  from  the  earliest 
ages  to  the  present  time.  For  what  does  the  his- 
tory of  all  nations  chiefly  record?  It  presents  to 
our  view  little  else  than  wars  and  comiriotians,  con- 
tentions, and  animosities,  and  "garments  rolled 
in  blood."  One  nation  rising  U])  against  another, 
carrying  fire  ami  sword,  and  all  the  engines  of  de- 
rftruclion  into  a  peaceful  territory — laying  waste 
provinces,  burning  cities,  turning  fruitful  fields 
into  a  wilderness,  and  slaughtering,  with  diaboli- 
cal fury,  thousands  and  tens  of  thousands  of  their 
fellow-men.  This  has  been  one  of  the  chief  em- 
ploytnents  of  all  the  tribes  and  nations  that  have 
ever  dwelt  on  the  face  of  the  earth;  and  this  fact, 
of  itself,  is  a  sufficient  proof  that  man  is  no  longer 
in  his  primeval  condition  of  paradisaical  inno- 
cence and  rectitude,  but  is  fallen  from  his  high 
estate,  and  his  glory  turned  into  shame.  We 
trust  there  is  not  another  instance  of  creatures 


endowed  with  fialional-faculties,  and  formed  after 
the  Divine  image,  acting  in  this  way,  to  be  found 
among  all  the  other  worlds  of  the  universe.  And 
were  we  not  accustomed  to  witness  such  infernal 
passions  and  atrocities,  and  to  behold  men  glorying 
in  that  which  is  their  shame,  we  should  be  filled 
with  utter  astonishment  and  wonder  that  such 
horrible  actions  should  be  perpetrated  on  each 
other  by  brethren  of  the  same  family,  children  of 
the  same  Fatlier,  and  beings  destined  to  an  im- 
mortal existence. 

But  the  benevolent  Father  of  all  did  not  intend 
that  this  moral  derangement  should  be   universal 
and  perpetual.     As  soon  as  man  had   fallen  frora 
his  allegiance  to  his  Maker  he  displayed  his  char- 
acter as  a  God   of  mercy,  and  ready  to  forgive. 
He  declared  that   the  seed  of  the  woman  should 
bruise  the  head  of  the  serpent — that  an  illustrious 
Messenger,  invested  with  Divine  power  and  au- 
thority, should   be  sent  into  the  world  at  a  proper 
time,  to  repair  the   ruins   of  the   lall;  "  to  finish 
transgression,  and  to  make  an  end  of  sins;" — to 
bear  the  sins  of  many,  and   make   "intercession 
for  the  transgressors."     Preparatoiy  to  the  advent 
of  this  Divine  Messenger,  certain  families  were 
selected  in  which  the  knowledge  of  the  true  God 
might  be  preserved — a  certain  nation,  before  whom 
astonishing    miracles    had    been    displayed,    was 
chosen  as  the  depository  of  Divine  revelations — 
a  ceremonial  worship  was  instituted,  prefigurativa 
of  the  events  and   blessings  of  Messiah's  reign; 
prophets  were  raised  up  to  announce  the  coming 
of  the  great  Deliverer,  and  the  glorious  results  of 
his  administration — the   events  of  Divine  Provi- 
dence toward  the  nations  were  overruled  and  di- 
rected in  such  a  manner,  as   to   bring  about  the 
advent  of  the  promised  Messiah  in  all  the  circum- 
stances which  prophets  foretold,  and   which  God 
had   appointed;  and,  when    the    predicted    period 
had  arrived,  a  retinue  of  celestial  messengers  was 
dispatched  from  heaven  to  earth  to  announce  the 
appearance  of  "  the  Son  of  the  Highest,"  of  the 
increase  of  whose  government  there  should  be  no 
end,  and  to  proclaim  "  glory  to  God  in  the  highest, 
and  on  earth  peace,  good-will  toward  men."    And 
wlien  this  Deliverer  appeared  on  the  public  thea- 
ter of  tlie  world,  he  exhibited  the  most  convincing 
proofs  of  his  Divine  mission  by  the  most  astonish- 
ing and  beneficent  miracles,  displaying  his  power 
over  the   laws  and  the  elements  of  nature — the 
spirits  of  darkness  and  the  disorders  of  the  human 
frame — "healing  all  manner  of  sickness  and  dis- 
ease;" causing  the  deaf  to  hear,  the  blind  to  see, 
the  lame  to  walk,  and  the  tongue  of  the  dumb  to 
sing — raising   the  dead  to  life,  and  recalling  the 
departed  spirit  from  the  invisible  world.     And,  at 
length,  when  the  great  Sacrifice  for  the  sins  of 
men  was  about  to  be  offered,  a  series  of  the  most 
august  and  striking  supernatural  events  attended 
its  accomplishment — the  sun  was  clad   in  black, 
the  heavens  were  arrayed  in  sackcloth,  darkness 
for  three  hours  covered  the  whole  land,  the  vail 
of  the  Jewish  temple  was  rent  in  twain  from  the 
top  to  the  bottom,  the  earth  trembled  and  shook, 
the  rocks  rent  asunder,  the  gravies  were  opened, 
and  many  bouies  of  saints  that  slept  in  the  tombs 
arose  to  life.     On   the   third    morning  after  this 
solemn  scene,  the  "  Prince  of  Peace"  arrose  victo- 
rious from   the  grave,  showed  himself  openly   to 
competent  witnesses  of  his  resurrection;  and  after- 
ward, rising  above  the  confines   of   this  earthly 
ball,  winged    his   flight   on  a   resplendent  cloud, 
attended   by  myriads   of  ange's,  through   distant 
regions  which  "eye  hath  not  seen,"  and  entered 
into  heaven  itself,  there  to  "  appear  in  the  presence 
of  God  for  us." 


40 


THE  SOLAR  SYSTEM. 


In  consequence  of  these  astonishing  and  benevo- 
lent arrangements,  a!i  men,  everywhere,  are  now 
commanded  to  repeat,  with  the  full  assurance 
that  tliey  shall  obtain  pardon,  peace,  and  recon- 
ciliation, and  every  blessing  requisite  for  their 
happiness  in  the  present  world  and  in  the  life  to 
eome.  For  thus  runs  the  message  of  the  Most 
High  to  all  the  children  of  men:  "God  so  loved 
the  world,  that  he  gave  his  only  begotten  Son, 
that  whosoever  believeth  in  him  should  not  perish, 
but  have  everlasting  life."  "  Wliom  God  hath  set 
forth  to  be  a  propitiation  through  faith  in  hid 
blood,  to  declare  his  righteousness  for  the  remis- 
sion of  sins."  "  This  is  the  record,  that  God  hath 
given  to  us  eternal  life,  and  this  life  is  in  his  Son." 
These  announcements  are  made  to  all  the  inhabi- 
tants of  this  world,  however  vile,  and  however 
atrocious  the  deeds  they  may  have  committed — 
to  the  ferocious  warrior  that  has  slauglitered 
thousands,  and  to  those  who  have  long  wallowed 
in  the  mire  of  depravity  and  licentiousness,  as 
well  as  to  those  who  have  manifested  some  exter- 
nal decency  of  conduct.  For  He  who  is  exalted 
as  a  Prince  and  a  Saviour  "  is  able  also  to  save 
them  to  the  uttermost  that  come  unto  God  by 
him."  And  if  we  believe  the  record  of  God,  and 
rest  upon  it  as  the  declaration  of  a  faithful  Crea- 
tor, we  shall  endeavor  "to  abound  in  all  the  fruits 
of  righteousness" — to  cultivate  love  toward  God 
and  toward  man — "  to  add  to  our  faith  virtue, 
knowledge,  temperance,  patience,  brotherly  kind- 
ness, and  charity,"  and  every  otiier  Christian  dis- 
position and  virtue  which  will  tend  to  prepare  us 
for  the  intercourses  and  employments  of  that 
higher  sphere  of  existence  where  all  is  peace,  and 
harmony,  and  love. 

One  reason  why  llie  benevolent  arrangements 
which  have  been  made  for  the  happiness  of  man 
have  been  so  long  kept  hid  from  the  greater  part 
of  the  world,  and  moral  evil  has  been  permitted  to 
abound,  doubtless  is,  that  an  extensive  and  im- 
pressive display  might  be  given  of  the  dismal  and 
miserable  consequences  which  necessarily  flow 
from  refusing  allegiance  to  the  Most  High,  and 
from  a  violation  of  his  laws — to  serve  as  a  warning 
not  only  to  the  inhaldtants  of  our  globe,  but  to 
the  inhabitants  of  other  worlds  of  the  necessity 
of  submitting  to  the  will  of  the  Supreme,  and  of 
the  inevitable  disastrous  effects  which  flow  from 
the  prevrdence  of  moral  evil,  r'or  if  the  funda- 
mental laws  of  heaven-7-love  to  God  and  toman — 
were  to  be  reversed,  or  universally  violated,  misery 
would  pervade  the  whole  moral  universe,  although 
it  consi,:ted  of  millions  of  worlds;  and  happiness 
could  never  be  enjoyed  by  any  rank  of  intelligent 
existence.  But,  however  dismal  a  scene  may 
have  been  presented  to  view,  in  the  ages  that  are 
past,  we  are  assured  that  a  period  is  approaching 
— foretolil  by  inspired  prophets — when  the  world 
shall  be  regenerated,  when  "  wars  shall  cease  even 
to  the  end  of  the  earth;"  when  violence  and  op- 
pression and  all  unrighteousness  shall  be  under- 
nined  and  destroyed;  when  "the  kingdoms  of 
this  world  shall  become  the  kingdoms  of  our  Lord, 
and  of  his  Christ;"  when  "  every  one  shall  sit 
under  his  vine  and  fig-tree,"  without  the  least 
fear  of  annoyance;  when  "the  earth  shall  be 
full  of  the  knowledge  of  the  Lord,  as  the  waters 
cover  the  sea,"  and  "the  Lord  God  will  cause 
righteousness  and  praise  to  spring  forth  before  all 
the  nations."  Then  t!ie  antipathies  of  nations 
sliall  be  destroyed;  "  the  earth  shall  yield  her  in- 
crease;" its  desolate  wastes  shall  be  cultivated, 
and  its  ruins  restored,  and  all  j)eoi'Ie  "shall  dwell 
Ib  a  peaceable  habitation  and  in  sure  dwellings, 
and  in  quiet  resting-places."     And  when  the  pur- 


poses of  Divine  Providence  shall  have  been  fulfilled 
in  regard  to  the  present  state  of  our  globe,  its  con- 
stitution shall  be  changed,  its  elementary  parts 
dissolved;  and  "new  heavens  and  a  new  earth" 
shall  arise  wherein  righteousness  shall  forever 
dwell.  Such  is  the  destination  of  our  world,  and 
such  are  the  arrangements  which  its  Creator  lias 
made  in  reference  to  its  inhabitants. 

Some  readers  may,  jjerhaps,  be  iMsposed  to  say, 
"What  has  all  this  theological  dissertation  to  do 
with  astronomy?  we  do  not  see  that  it  has  any 
connection  with  a  description  of  the  solar  system." 
On  this  point  we  bi;-g  leave  to  dificr  from  such 
objectors.  What  is  the  material  universe,  when 
separated  from  its  reference  to  the  Creator,  and 
its  relation  to  intelligent  beings?  A  mere  ma- 
chine, which  displays  nothing  but  uncontrollable 
power  acting  at  random,  without  the  least  trace 
of  wis'om,  benevolence,  or  rectitude.  To  view 
the  planetary  system,  or  other  systems,  as  consist- 
ing merely  of  a  number  of  large  globes,  wheeling 
round  their  axes,  and  round  their  suns,  in  certain 
periods  of  time,  is  to  overlook  some  of  the  grand- 
est and  most  interesting  objects  of  r.stronomy. 
To  suppose  all  the  orbs  of  heaven  to  be  i-:elf-exist- 
ent  and  self-moving  is  absurdity  and  atheism:  and 
to  suppose  the  Creator  to  have  formed  them  merely 
as  so  many  august  and  splendid  pieces  of  ma- 
chinery, without  any  relation  to  intellectual  na- 
tures, is  inconsistent  with  every  idea  we  ought  to 
form  of  the  attributes  of  the  Divinity.  The  re- 
lation of  the  material  system  to  intellectual  be- 
ings ought,  therefore,  to  be  connected  with  astro- 
nomical investigations.  We  know  not,  indeed, 
the  physical  and  moral  characteristics  of  the  in- 
habitants of  Vejius,  Jupiter,  or  other  planets;  but 
we  know,  for  certain,  that  if  they  be  in  a  state  of 
primeval  innocence  and  happiness,  they  obey  the 
two  grand  principles  of  the  law  prescribed  to  the 
inhabitants  of  our  world — "  Love  to  their  Creator, 
and  love  to  one  another,"  without  the  observance 
of  which  precepts,  true  happiness  cannot  be  en- 
joyed in  any  world  in  the  universe,  and  the  whole 
material  creation  would  be  nothing  else  than  a 
boundless  Pandemonium.  We  know  that  these 
precepts  have  been  generally  violated  in  our  world; 
and  hence  the  wars,  devastations,  insurrections, 
systems  of  oppression  and  iniquity,  and  other 
evils,  which  have  produced  so  much  misery  and 
wretchedness  among  the  population  of  our  globe. 
And  shall  it  be  considered  as  improper  and  un- 
philosophical,  that,  in  describing  the  material  fa- 
bric of  the  world,  those  arrangements  which  the 
Almighty  has  formed  for  the  regeneration  of  so- 
ciL-ty,  and  the  happiness  of  the  human  race, 
should  be  occasionally  adverted  to  and  detailed? 
We  must  demur  to  such  a  sentiment.  Pliilosophy 
has  been  too  long  dissevered  from  its  connection 
with  religion — to  which  it  ought  ever  to  be  allied; 
and  it  is  now  liigh  time  that  every  department  of 
human  knowledge  should  be  stiuliedin  connection 
with  the  moral  arrangements  of  the  Almighty, 
the  renovation  of  the  world,  and  the  eternal  des- 
tiny of  man.  The  sciences,  when  disjoined  from 
such  connections,  lose  the  greater  part  of  theii 
value,  and  can  be  considered  as  useful  only  In 
reference  to  tlie  concerns  of  this  world,  and  the 
transitory  duration  of  the  life  of  man.  Wliereas, 
when  studied  with  right  views,  and  in  all  their 
legitimate  connections  and  relations,  tlsey  bear  an 
intimate  relation  to  the  Divinity,  to  the  progress 
and  expansion  of  the  human  mind  to  other  worlds, 
and  to  the  scenes  and  employments  of  an  immor- 
tal exister<ce. 

In  reference  to  the  earth,  we  shall  now  only 
state  the  following  circumstances;    Tlie  number 
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of  inhabitants  which  people  the  ertrtli  at  one  time 
la  estimated  at  eiglit  hundred   millions — ol  tliebu, 
five  hundred  millions  are  reckoned  to  Asia;  fifty- 
eight  millions  to    Africa;    forty-two    millions  to 
America;  and   two  Imndred   millions  to   Europe. 
Of  these  assemblages  of  human   beings,  twenty- 
five  millions  die  every  year,  sixty-eight  thousand 
every  day,  two  thowsand  eight  hunured  and   fifty 
every  hour,  and  forty-seven  every  minute;  so  that 
at  almost  every  pulse  that  beats  within  us,  au  im- 
mortal being  is   passing  from    time   into  eternity, 
from  this  visible   ana  material  world   to  anoliier 
scene  of  existence — a  solemn  and  important  con- 
sideration  to  every  one  of  us  who  must  shortly 
follow,   in    our   turn,  tlie    generations    tliat  have 
gone  before  us.     If  we  reckon  thirty-two  years  as 
the  average   period  for  a  generation,  as  has  been 
generally  done — at  the  end  of  which    period  the 
whole  human  race  is  renewed,  with  a  few  excep- 
tions; it  will  follow,  that  one  huu<lred  and  forty- 
six  thousand  two  hundred  millions  of  human  be- 
ings have  existed  on  our  .globe,  since   its  present 
arrangement  commenced,   reckoning  5!r49  years 
from  the  formation  of  Adam  to  the  present  lime. 
But   if  we  make  our  estimate   according  to  the 
Samaritan  and  the  Scptuagint  chronology,  725G 
years  are  to  be  reckoned  from  Adam  to  the  present 
time;  and   consequently,   if  mankind  had  never 
died,  there  would   have   been,  at  present,  on  the 
surface    of  the    globe,    182,800,OOU,OUO :    that  is, 
one  hundred  and  eighty-two  thousand  eight  hun- 
dred  millions    of    human    beings.     Whether  the 
earth  would  have  furnished  subsistence  for  such 
a  population  is  left  to  Malthusians  and   political 
economists  to  determine.     But  it  appears,  in  point 
of  fact,  that  the  Creator  never  intended  that  such 
a  number  of  the  human  species  should  remain  on 
the  earth  at  one  time,  in  its  present  state;  though 
it  might  easily  be  shown,  that  were  all  the  habit- 
able parts   of  the  globe    properly   cultivated,    it 
would  support  at  least  sixteen  thousand  millions 
of  human  beings,   or  twenty  times  the   number 
that  now  exist  on  its  surface,  while  each  family 
would   have  an  estate  of  twelve  acres  of  land  for 
its  support.     But  the  inferior  tribes  of  animals  are 
far  more  numerous  than  the  amount  of  all  the 
human  inhabitants  that  have  ever  dwelt  on  the 
earth,  from  Adam  to  the  last  new-born  child.    At 
a  rude  calculation,  the  inferior  tribes  connected 
with   the  air,  the  waters,  and   the  dry  land,  at  one 
time,  cannot  amount   to  less  than  thirty  billions 
of  living  beings;  which  is  164  times  the  number 
of  all  the  human   beings  that  have  ever  appeared 
on  the  earth.     As  one  instance  out  of  many   of 
the  immense  numbers  of  certain  species  of  ani- 
mals, we  may  mention  what  Mr.  Wilson  states, 
in    his  "American    Ornithology,"  that    a   single 
flock  of  the  migratory  pigeon  of"  the  United  States 
was  found  to  be  about  a  mile  in  breadth  and  240 
miles  in  length — having  occupied   four  hours  in 
passing    across    the    country;  which  flock,  by  a 
moderate    calculation,  was    estimated   to    contain 
two  thousand  two  hundred    and  thirty  millions, 
which  is  nearly  three  times  the  human  population 
of  the  globe. 

We  may  just  farther  make  the  following  state- 
ments in  reference  to  the  earth.  In  its  course 
round  the  sun,  it  moves  in  an  elliptical  orbit,  the 
longer  diameter  of  which  is  o,2ri6,U00  miles  great- 
er than  tlie  shorter,  and  consequently  it  is  nearer 
the  sun  at  one  season  of  the  year  than  at  another. 
The  time  of  its  annual  revolution  is  365  days,  5 
hours,  48  minutes,  49  seconds,  which  is  called  the 
tropical  year;  hut  the  time  it  takes  in  moving 
from  a  fixed  star  until  it  returns  to  it  again  is  365 
days,  G  hours,  9  minutes  12  second.'', — which  is 


called  its  sidereal  year.  With  regard  to  the  den- 
sity of  ihc  earth,  it  is  found  to  be  about  five  times 
denser  than  water;  so  that  could  we  suppose  five 
globes  as  large  as  the  earth  composed  of  water, 
suspended  at  one  end  of  an  immense  balance,  and 
the  earth  at  the  other,  they  would  nearly  counter- 
poise each  other. 


SECTION    V. 
On    the    r.i  o  o  n  . 

The  moon  is  the  nearest  of  all  the  celestial 
bodies  to  the  earth,  and  is  its  constant  attendant 
during  its  revolution  round  the  sun.  It  belongs 
to  that  class  of  bodies  called  secondary  planets,  or 
satellites.  A  primary  planet  is  one  Vi'hich  revolves 
around  the  sun  as  its  center:  a  secondary  planet 
is  a  body  which  revolves  around  a  primary  planet 
as  its  center  of  motion,  and  is  at  the  same  lime 
carried  along  with  its  primary  around  the  sun. 

Motions  of  tlie  Moon. — The  moon  has  an  ap- 
parent motion  round  our  globe  every  day,  some- 
what similar  to  that  of  the  sun.  She  rises  in  an 
easterly  direction,  and,  after  a  certain  number  of 
hours,  sets  in  the  western  quarter  of  tlie  heavens; 
this  motion  is  not  real,  but  only  apparent,  and  is 
caused  by  the  diurnal  motion  of  our  globe  from 
west  to  east.  The  real  motions  nf  the  moon  are 
as  follows  : — In  the  course  of  27  days,  7  hours, 
and  43  minutes,  the  moon  makes  a  progress 
through  the  ecliptic,  or  round  the  whole  heavens, 
from  west  to  east,  and  returns  to  the  same  stars* 
from  which  she  set  out.  This  is  called  her  tropic- 
al revolution.  The  period  from  one  new  moon  to 
another,  or  from  one  conjunction  with  the  sun  to 
another — which  is  29  days,  12  hours,  44  minutes, 
and  2  seconds,  is  called  her  synodic  revolution. 
The  reason  why  these  periods  are  different  is 
this:  at  new  moon,  the  sun  and  moon  are  in  the 
same  part  of  the  heavens :  but  by  the  time  the 
moon  has  returtied  to  that  point — namely,  27 
days,  7  hours,  43  minutes — the  sun  has  proceed- 
ed, in  his  apparent  course  through  the  heavens, 
twenty-seven  degrees  farther  to  the  east,  and  is 
still  going  on,  and  the  moon  has  to  overtake  him 
before  she  can  be  again  in  that  position  which  ia 
called  new  moon. 

Fig.  33  exhibits  some  of  the  motions  of  the 
moon  in  relation  to  the  earth  and  the  sun.     The 


small  circle  in   the  center,  S,  represents  thesnn; 
the  circle  A  B  C  D.  the.  eartlfs  orbit  and  the  earth 
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in  four  different  positions.  The  smaller  circle  M 
n  0,  represents  the  orbit  of  the  moon  in  its  course 
round  the  eurth.  Around  this  orbit  she  moves, 
in  a  period  somewhat  less  than  a  month,  at  the 
rate  of  2300  miles  an  hour.  But  while  she  i? 
thus  carried,  montiily,  around  the  earth,  she  is 
also  carried  forward  along  with  the  eartli,  in  its 
revolution  round  the  sun.  For  example,  wiiile 
the  earth  has  moved  from  B  to  A,  tlie  moon  has 
made  more  than  three  revolutions  round  the  earth, 
and  at  the  same  time  has  moved,  along  with  the 
earth,  nearly  one  liundred  and  fifty  millions  of 
miles,  or  the  fourth  part  of  the  earth's  annual 
circuit;  so  tliat  the  moon's  motion  through  space 
is  much  more  rapid  than  that  stated  above,  and 
cannot  be  estimated  at  less  than  70,000  miles  an 
hour.  When  the  earth  is  at  B,  in  the  position 
marked  1,  and  the  moon  at  M,  the  enlightened 
side  of  the  moon  is  turned  to  the  dark  side  of  the 
earth,  and  tlie  moon  is  in  the  position  we  call  full 
moon,  the  whole  of  its  enlightened  surface  being 
then  turned  toward  the  earth.  When  the  earth 
is  at  D,  and  the  moon  in  the  position  marked  3, 
the  dark  side  of  the  moon  is  turned  toward  the 
earth,  and  she  is  consequently  invisible.  This  is 
the  position  of  new  moon.  In  the  manner  now 
described,  does  the  moon  revolve  round  the  earth, 
and  is  carried  along  with  the  earth  round  the  sun, 
from  one  year  and  one  century  to  another;  and 
has  done  so  ever  since  she  was  appointed  to  give 
Hght  to  the  earth,  and  "  to  rule  the  niglit."  And 
since  she  is  acted  upon  by  two  forces — the  attrac- 
tion of  the  earth  and  the  attraction  of  the  sun, 
which  sometimes  act  in  opposite  directions — her 
motions  are  very  irregular;  which  renders  it  some- 
what difficult  and  teuious  to  calculate  her  precise 
position  in  the  heavens  at  any  particular  moment 
of  time. 

Phases  and  general  appearances  of  tlie  Moon. — 
The  sun  always  enlightens  one  lialf  of  the  moon; 
and  sometimes  the  whole  of  this  enlightened  side 
is  turned  toward  the  earth,  when  she  appears  a 
round  luminous  orb:  but  this  happens  only  in  one 
point  of  her  orbit.  At  all  other  parts  of  her 
course,  only  a  portion  of  her  enlightened  hemi- 
sphere is  seen  from  the  earth;  and  in  one  parti- 
cular position  in  her  orbit,  her  enlightened  side  is 
altogether  invisible.  When  she  is  at  the  change, 
or  the  period  of  new  moon,  she  is  invisible;  both 
because  she  is  in  the  same  part  of  the  heavens  as 
the  sun,  and  because  the  whole  of  her  dark  hemi- 
sphere is  then  turned  to  the  eartli.  After  this  it 
is  generally  two  days,  or  more,  before  any  ])art  of 
her  enlightened  surface  is  visible.  About  the  third 
day  after  the  change,  she  is  seen  in  the  western  sky, 
at  no  great  distance  from  the  point  at  which  the  sun 
set,  and  then  appears  under  the  form  of  a  slender 
crescent,  with  its  horns  pointing  toward  the  east. 
Next  evening,  about  the  same  hour,  she  will  have 
moved  about  thirteen  degrees  farther  t6  the  east, 
and  her  crescent  will  appear  to  have  increased 
somewhat  in  breadth.  Every  succeeding  night 
she  will  appear  to  have  moved  still  farther  to  the 
east,  while  her  crescent  is  still  increasing  in  breadth 
and  luminosity,  until  about  the  eighth  day  from 
the  change,  when  she  appears  in  the  form  of  a 
half  moon.  She  is  then  about  ninety  degrees  from 
the  sun.  After  this  period,  still  proceeding  east- 
ward, she  assumes  i\  gibbous  phase,  until  she  ar- 
rives at  the  period  of  lull  moon,  when  lier  whole 
enlightened  hemispliere  is  turned  toward  us  ; 
which  happens  on  the  fifteenth  day  after  the  time 
of  the  new  moon,  when  she  is  in  opposition  to  tlie 
sun,  or  one  hundred  and  eighty  degrees  distant, 
and  rises  about  the  time  when  the  sun  sets.  On  a 
cloudless  night,  she  then  d. splays  to  ever}  beholder 


a  delightful  and  magnificent  spectacle,  calculated 
to  arrest  the  attention  of  every  eye,  and  to  inspire 
the  soul  with  emotions  of  sublimity.  But  she  does 
not  remain  long  in  her  full  orbed  luster;  she  gra- 
dually loses  a  portion  of  her  brightness,  by  pre- 
senting to  us  a  part  of  her  dark  hemisphere. 
She  again  appears  for  a  few  days  in  a  gibbous 
phase;  afterward  she  assumes  the  appearance  of 
a  half  moon,  and  then  that  of  a  crescent  whose 
horns  are  now  turned  toward  the  west.  In  this 
position  she  is  seen  only  in  the  mornings  before 
sunrise;  and  in  a  few  days  afterward,  she  is  in 
conjunction  with  the  sun, when  her  dark  side  is 
;igain  turned  toward  the  earth.  All  these  changes 
are  accomplished  in  twenty-nine  days  and  a  half. 

These  phases  are  more  particularly  reprosenled 
in  iig.  34,  where  S  represents  the  sun,  E  tlie  earth, 
and  ABCDFGHI  the  moon  in  different  parts 
of  its  circuit  round  the  earth,  with  its  hemisphere 
turned  toward  the  sun  fully-enlightened.  When 
the  moon  is  at  A,  its  enlightened  side  being  turned 
to  the  sun,  its  dark  side  is  turned  toward  the  earth, 
and  were  it  then  visible,  it  would  appear  as  at  K, 
in  the  outer  circle;  but  it  is  never  visible  in  this 
position,  except  at  the  time  of  an  eclipse  of  the 
sun,  when  its  body,  either  in  whole,  or  in  part,  in- 
terposes between  us  and  fhe'sun.  This  is  at  the 
period  of  new  moon.  When  the  moon  has  moved 
from  A  to  B,  a  portion  of  its  enlightened  surface 
is  then  turned  to  the  earth,  and  it  appears  as  a 
crescent,  as  represented  at  L;  when  arrived  at  C, 
the  one-half  of  its  enlightened  hemisphere  is  turned 
to  the  earth,  and  it  appears  in  the  form  of  a  lialf 
moon,  as  at  M;  when  arrived  at  D,  it  presents  a 

Fig.  34. 


gibbous  phase,  as  at  N;  and  when  arrived  at  F,  it 
shines  in  all  its  splendor  as  a  full  moon,  as  dt  0. 
After  this  period  it  gradually  declines,  first  to  a 
gibbous  pliase,  as  at  F;  next  to  a  half  moon,  is  al 
H;  then  to  a  crescent,  as  at  T;  after  which  it  ar- 
rives at  its  former  position  at  A,  the  period  of  new 
moon;   when  it  is  again  invisible. 

How  the  earth  appears  to  the  inhabitants  of  the 
Moon. — We  have  now  seen  the  cause  why  the 
moon  presents  so  varied  appearances  to  the  errth; 
let  us  now  consider  how  tiie  earth  itself  will  ao- 
pear  as  viewed  from  the  surfaceof  the  mofin.  Could 
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we  take  a  view  of  the  earth  from  one  of  the  moun- 
tains, or  plains,  of  the  moon,  we  should  tind  that  it 
exhibits  the  same  changes  or  phases,  tliat  the  moon 
does  to  us,  but  in  a  reverse  order.  For  when,  at  new 
moon,  the  dark  side  of  the  moon  is  turned  toward 
us,  the  whole  of  the  enlightened  hemisphere  of 
the  earth  is  then  turned  toward  the  moon.  And 
as  the  hemisphere  of  our  globe  is  thirteen  times 
larger  than  that  of  the  moon,  it  will  present  in  the 
lunar  firmament  a  shining  orb  as  large  as  tliirteen 
of  our  full  moons,  and  will  therefore,  diffuse  a 
considerable  degree  of  luster  in  the  absence  of 
the  sun.  That  the  earth  shines  with  a  full  en- 
lightened face  upon  the  moon  at  the  period  now 
stated,  will  appear  from  the  preceding  diagram, 
fig.  34.  At  A,  the  moon  is  in  conjunction  with 
the  sun,  as  seen  from  the  earth,  and  its  dark  side 
is  turned  toward  us;  but  it  will  be  perceived  that, 
at  tliat  time,  the  enlightened  side  of  the  earth,  E, 
is  completely  turned  toward  the  moon,  so  that 
while  she  is  invisible  to  us,  our  globe  appears  in 
its  full  orbed  majesty  and  brightness  to  the  lunar 
inhabitants.  Un  the  other  liand,  when  tlie  moon 
is  at  F,  when  it  is  full  moon  to  us,  the  dark  side 
of  the  earth,  E,  is  turned  toward  the  moon,  and  is 
consequently  invisible  to  the  inhabitants  of  the 
moon,  being  then  nearly  in  the  same  part  of  the 
firmament  as  the  sun.  When  the  moon  is  in- 
creasing to  us,  tlie  earth  is  diminishing  in  its  illu- 
minated surface  to  the  moon.  When  the  moon  is 
at  B  in  its  increase,  the  earth  appears  as  at  P; 
when  she  appears  as  a  half  moon  as  at  M,  the 
earth  apears  a  half  moon  in  the  decrease,  as  at 
R;  and  when  she  increases  to  a  gibbous  phase  as 
at  N,  the  earth  lias  decreased  to  a  crescent,  as  at 
T;  so  that  the  phases  of  the  earth,  as  seen  from 
the  moon,  are  exactly  opposite  to  those  of  the 
.  moon  as  seen  from  the  earth.  ! 

That  the  earth  actually  shines  upon  the  moon,  I 
and  illuminates  its  surface  as  the  moon  does  that  ' 
of  the  earth,  is  proved  from  the  following  circum- 
stance.    On  tlie  second   or   third    day  alter    new 
moon,  when  she  appears  as  a  slender  crescent,  we 
perceive  a   faint   light    on    the    dark    part    of  the 
moon  which  is  not  enlightened  by  the  sun,  so  that 
the  whole  hemisphere  of  the  moon  is  visible — one 
part  faint,  and  the  other  bright.     This  is  percep- 
tible even  by  the  naked  eye,  but  it  appears  pretty 
vivid  tlirough  the  telescope  when  a  small  power  i 
is  applied,  so  that  m.any  of  the  principal  spots  of 
the  moon  may  be  distinctly  perceived.     This  may  | 
be  termed  the  "moonlight  of  the  moon, "as  the  earth  | 
is  then  shining  upon  its  surface  with  nearly  a  full  [ 
enlightened  hemisphere.     This  light  on  the  dark  \ 
side  of   the  moon  gradually  decreases,  as  the  en-  i 
lightened  part  of  the  moon  increases,  because  tlie 
enlightened    portion  of   the  earth  is  at  the  same 
time  diminishing,  so  that  its  effect  is  not  much 
perceived  after  the  period  of  half  moon.     It  has 
been  sometimes  observed  that  a  brighter  reflection 
proceeds   from   the    moon  when    tlie    continental 
parts  of  the  earth  are  opposite  to  her  than  when  j 
the  Atlantic  or  Pacific  ocean  is  in  the  same  posi-  | 
tion.     There  is  less   light  reflected   from   the  sea  j 
than  from  the  land  upon  the   moon,  and  thi-refore  j 
it  is  natural  to  suppose  that  when  the  hemisphere  '• 
of  the  earth  which  contains  Europe,  Asia,  Africa,  j 
and    New    Holland,  is  shijiiisg   upon    the  moon,  ' 
a  considerably  greater   quantity  of   light  will  be 
reflected  on  her  surface   than  when    the    Pacific 
ocean,  which  covers  nearly  half  our  globe,  is  di- 
rectly opposite  to  her.     In  the  course  of  the  diur- 
nal rotation  of  the  earth  every  part  of  its  surface 
in  succession  will  be  presented  to  the  moon;  and 
lliereforc  it  will  appear  to  a  lunar  inhabitant  with 
different  degrees  of  brilliancy,  at  different  times, 


arising  from  the  circum&tancts  now  stated.     (See 
fig.  31,  p.  .-W.) 

The  moon  always  presents  the  same  side  lo  the 
earth,  so  that  we  never  see  its  opposite  hemisphere. 
This  circumstance  proves  tliat  she  turns  round 
her  axis  in  the  same  time  she  takes  to  move  round 
the  heavens.  If  the  moon  had  no  motion  round 
her  a.vis,  we  should  see  both  her  hemisphfies  in  the 
course  of  every  revolution  she  maltes  round  tho 
earth.  Whether  the  other  side  of  the  moon  be 
less  adapted  for  reflecting  light  than  that  which  is 
next  us,  or  whether  it  be  equally  diversified 
with  mountains,  caverns,  and  plains,  we  hai'e  no 
opportunity  of  determining;  though,  reasoning 
from  analogy,  we  may  conclude  that  the  arrange- 
ments of  nature  in  that  hemisphere  are  not  essen- 
tially different  from  tiiose  we  perceive  in  the  hemi- 
sphere presented  to  our  view. 

There  is  a  peculiar  appearance  which  may  be 
noticed,  that  tlie  earth  will  present  to  an  inhabi- 
tant of  the  moon,  and  it  is  this — that  from  any 
particular  spot  on  the  lunar  surface,  the  earth  will 
appear  in  a  fixed  position  in  the  heavens,  without 
any  apparent  motion.  I'o  those  who  live  in  the 
middle  of  the  hemisphere  next  the  earth,  the  earth 
will  appear  as  a  large  globe  in  the  zenith,  or  point 
directly  above  their  heads,  sometimes  appearing 
as  a  half  moon,  a  crescent,  or  a  full  enlightened 
hemisphere,  and  sometimes  invisible,  but  always 
in  the  same  position.  The  only  motion  they 
will  occasionally  perceive  is  the  earth's  rotation, 
which  they  will  observe  as  the  different  continents, 
islands,  and  oceans  of  our  globe  present  themselves 
in  succession.  Those  who  live  near  the  margin 
of  the  moon's  hemisphere  next  the  earth,  will  see 
the  earth  near  the  horizon,  and  it  will  never  appear 
from  such  places  in  a  more  elevated  position  in 
the  heavens.  Those  who  live  in  intermediate  posi- 
tions will  behold  the  earth  at  higher  or  lower  ele- 
vations, according  to  their  distance  from  the  cen- 
ter of  the  hemisphere.  Ail  these  appearances 
necessarily  result  from  the  circumstance  that  the 
moon  always  presents  the  same  side  to  the  earth, 
and  to  account  for  such  phenomena  will  be  apt 
to  puzzle  the  lunar  astronomers.  Hence,  it  neces- 
sarily follows  that  those  who  live  on  the  opposite 
hemisphrre  of  the  moon  will  never  see  the  earth 
nor  enjoy  its  light.  From  the  central  parts  of 
that  hemisphere,  an  astronomer — who  had  heard 
of  the  remarkable  celestial  phenomenon  to  be 
seen  in  the  other  hemisphere — would  have  to 
travel  more  than  1700  miles  before  he  could  see 
the  earth  emerging  from  the  horizon;  and  in  or- 
der to  behold  it  in  its  full  luster,  shining  directly 
from  the  zenith,  he  v.'ould  have  to  travel  1700 
miles  farther,  or  3400  miles  in  all.  We  presume 
that  there  are  few  terrestrial  astronomers  who 
would  grudge  to  undertake  such  a  journey  were 
they  to  behold  a  resplendent  moon  hanging  in  the 
vault  of  heaven  in  another  hemisphere,  which  is 
altogether  invisible  in  his  native  country.  Sir  J. 
Herschel,  in  order  to  explore  the  starry  regions  in 
the  southern  hemisphere,  undertook  a  voyage  to 
the  C'ape  of  Good  Hope,  where  lie  remained  for 
years,  and  brought  home  some  interesting  pieces 
of  intelligence  from  the  starry  regions. 

Distance  and  magnitude  of  the  Moon.  — The 
moon,  though  the  nearest  celestial  body  to  the 
earth,  is  still  at  a  considerable  distance.  This  dis- 
tance is  reckoned  to  be,  at  a  medium,  about  237,000 
miles,  or  about  thirty  times  the  diameter  of  our 
globe,  v/hich  is  determined  from  its  horizontal  pa- 
rallax, or  the  angle  formed  by  a  line  drawn  from 
the  center,  and  another  line  drawn  from  the  sur- 
face of  the  earth.  As  the  moon,  however,  moves  in 
an  elliptical  orbit,  she  is  sometimes  more  than240,- 
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000  miles  distant,  and  sometinies  considerably  less 
than  2;i7,000.  Small  as  this  distance  is,  coin)):ired 
with  that  of  the  other  planets, .it  would  require 
nearly  500  days,  or  about  sixteen  montlis,  for  a 
sternii-carriage  to  move  over  the  interval  which 
separates  us  irom  the  lunar  orb,  although  it  were 
moving'  day  and  nig;ht  at  the  rate  of  twenty  miles 
every  hour.  Allliough  the  appari'nt  i-ize  of  the 
moon  is  equal  to  that  of  the  sun,  yet  the  difFeience 
of  their  reul  bulk  is  very  great;  for  it  wouiil  re- 
quire more  than  sixty-three  millions  of  globes  of 
the  size  of  the  moon  to  form  a  globe  equal  in  mag- 
nitude to  that  of  the  sun.  Tlie  rea.sou  why  the 
sun  a[)pears  so  small,  wlicn  he  is  in  reality  so  large 
a  globe,  is  this — that  he  is  removed  ninety  five 
millions  of  miles  from  the  earth,  which  is  nearly 
four  liundred  limes  farther  than  the  "moon.  The 
diameter  of  the  moon  is  2180  miles,  which  is  little 
more  than  the  fourth  part  of  the  diameter  of  our 
globe,  and  consequently,  in  point  of  solidity,  it  is 
only  tlie  forty- ninth  part  of  the  bulk  of  the  earth. 
Ite  surface,  however,  contains  fifteen  millions  of  . 


ipqnare  miles,  or  about  one-third  of  the  habitabk- ^■e- 
gions  of  our  globe,  and  were  it  peopled  as  densely  as 
England,  it  would  contain  a  [)opulation  amouii.ting 
to  four  thousand  two  hundred  millions,  which  is 
more  than  five  times  the  population  cf  the  earth. 
The  circumlerence  of  the  moon  is  6848  n)iles, 
and,  therefore,  if  a  railroad  «ere  iormed  around  it, 
its  inhnbitanfs  could  traveliompletely  round  their 
world  in  the  course  of  fourteen  of  ourda},'s,  at  tiie 
rate  of  twenty  miles  an  hour;  and  the  journey 
Could  be  so  arranged  that  they  niight  enjoy  uniu- 
terrupted  moonlight  from  the  earth  in  one  part  of 
it,  and  uninterrupted  sunlight  during  (h.e  other — 
an  advantage  which  we  can  never  enjoy  in  our 
terrestrial  region. 

Tdescopic  appearance  of  the  Moon. — When  the 
moon  is  viewed  v.ith  a  good  telescope,  the  lunar 
surface  presents  a  very  interesting  and  diversified 
appearance.  Mountains  and  plains,  caverns  and 
insulated  rocks,  hills  and  plains  of  aim  )st  every 
shape,  diversity  every  portion  of  the  surface  of  the 
mooji.     It  is  evident  almost  at  first  sight,  that  the 
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moon  Is  diversified  with  inequalities  of  surface, 
and  has  lofiy  eminences  and  deep  vales,  when  we 
view  her  surface  with  a  powerful  telescope,  when 
she  appears  in  the  form  of  a  crescent  or  of  a  half 
moon;  for  then  we  perceive  the  boundary  between 
the  dark  and  enlighteni;d  side — not  a  straip-ht  line 
or  a  regular  curve,  as  it  would  be  if  the  moon 
were  a  sn.ooth  surface — but  jagged  and  uneven, 
somewhat  like  the  edge  of  a  coarse  saw.  Within 
the  dark  portion  of  the  moon,  adjacent  to  this 
boundary  bright  pointsappear,  somewhat  like  stars, 
which  are  evidently  the  higher  tops  cf  the  lunar 
mountains,  (Milightened  by  the  sun  before  his  rays 
can  reach  the  valleys,  just  as  we  find  that  in  oiir 
globe,  when  the  sun  is  rising,  his  beams  gild  the; 
nMiuntain  tops,  while  the  plains  nnd  valleys  are 
still  in  the  shade.  Shadows  of  different  dimen- 
sions, too,  are  to  be  seen  in  various  parts  of  the 
enlightene<i  portion  of  the  moon,  indicating  both 
elevations  and  depressions. 

The  mountainous  regions  of  the  moon  are  ar- 
ranged in  a  very  diff-rent  form  from  those  of  the 
earth.  There  are,  indeed,  some  mountain  ranges 
on  the  lunar  orb  somewhat  resembling  our  Alps, 
and  Apennines,  and  Andes;  but  one  of  the  dis- 
tinguishing features  of  the  ntoon  consists  in  liun- 
diieds  of  circular  ranges  of  mountains  surround- 
ing plains  of  the  sunie  shape.  The  following  are 
a  few  of  the  characteristic  features  of  the  lunar 
surface  1.  Plains  of  various  extent  and  peculi- 
arities    Some  of  these  plains  are  more  than  one 


hundred  miles  in  diameter,  orin  length  and  breadth. 
They  present  a  darker  and  more  somber  ap()ear- 
ance  to  the  eye  than  the  other  parts  of  the  lunar 
surface,  and  in  many  instances,  they  contain,  here 
and  there,  deep  cavities.  They  were  formerly 
considered  as  seas,  or  large  collections  of  water, 
hut  there  apjiears  no  evideriCe  that  seas,  or  any 
large  collection  of  waters,  exist  on  the  surface  of 
the  moon.  Beside  these  large  plains,  there  are  nu- 
merous circular  plains  of  a  lesser  size,  of  all  di- 
mensions, from  two  or  three  miles  to  thirty  miles 
in  diameter,  surrounded  with  a  circular  ridge  of 
mountains,  ;>.s  with  a  wall  or  rampart.  These  are 
to  lie  found  in  most  regions  of  tin?  moon,  and  they 
form  a  peculiar  feature  of  her  surface  altog'_'ther 
different  from  what  obtains  on  our  globe.  2.  The 
moon  di-!]>lays  a  great  variety  of  mountain  scenery. 
In  the  first  ))lace,  there  are  chains  of  mountains, 
which  run  in  a  right-lined  direction,  not  altogether 
unlike  thos'  which  exist  on  our  globe,  'i'heinost 
remarkable  range  of  this  kind  is  that  called  the 
Apennines,  which  traverses  a  poitionof  tlie  lunar 
disc  from  north-east  to  south-west,  which  m;iy  be 
seen  to  advantage  about  the  time  of  haH  tnoou, 
and  a  day  or  two  afterward.  It  ri-ies  with  a  pre- 
cipitous and  crac:g\'  front,  from  a  large  plain  eidled 
the  ware  vrnbrium,  extends  to  a  great  length,  and, 
in  some  places,  rises  to  the  perpendicular  bight  of 
four  miles.  This  is  most  precipitous  on  tlie  side 
of  the  plain,  and  gradually  slopes  offwilh  itshun- 
dreds  of  peaks  to  the    opposite   declivity,  nisem 
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bling  in  some  degree  our  Andes  and  Himalayas. 
In  the  next  place,  there  are  insulated  mountains, 
or  peaks,  or  mountains  in  the  sliape  of  a  sugar 
loaf,  which  rise  directly  from  the  plains,  and  are 
altogether  unconnected  with  any  ritlge  or  group 
whatever.  Some  of  these  are  several  miles  in 
perpendicular  altitude,  and  their  shadows  thrown 
opposite  to  the  sun  are  as  distinctly  seen  through 
the  telescope  as  the  shadow  of  a  gnomon  on  a 
eiiii-dial.  They  bear  a  certain  resemblance  to  the 
Peak  of  TenerilFe,  and  Adam's  Peak  in  the  island 
of  Ceylon.  But  in  the  third  place,  the  chief  fea- 
tures of  the  mountain  scenery  of  the  moon  con- 
sist in  those  circular  ranges  of  mountains  which 
occupy  nearly  one-half  of  the  lunar  surface,  and 
are  dispersed  in  all  directions.  In  some  cases, 
they  appear  like  a  wall  of  sixty,  one  hundred,  or 
one  hundred  and  fifty  miles  in  circumference,  sur- 
rounding circular  plains  of  corresponding  extent. 
In  other  cases  they  are  from  five  to  ten  or  twelve 
miles  in  diameter;  and  in  many  instances  there  is 
a  central  mountain  of  a  considerabh  elevation, 
which  rises  from  the  center  of  the  circular  plain. 
There  is  iiothing  similar  to  these  arrangements  in 
any  part  of  our  terrestrial  systejii.  The  lunar 
mountains,  according  to  Schroeter's  measure- 
ments, aie  of  all  sizes,  from  three  hundred  feet  to  five 
miles  in  perpendicular  liight.  3.  Another  singu- 
lar feature  of  the  moon's  surface  consists  in  those 
numerous  depressions  or  cavities,  which  appear  on 
almost  every  part  of  her  disc.  These  cavities  are 
circular,  and  bear  a  certain  resemblance,  in  shape, 
to  an  egg-cup.  A  high  annular  ricJge,  marked 
with  lofty  peaks  and  small  cavities,  generally  en- 
circles them,  an  insulated  mountain  frequently 
rises  in  the  center,  and  sometimes  they  contain 
smaller  cavities  of  the  same  nature  as  themselves. 
These  hollows  are  most  numerous  in  the  south- 
west parts  of  the  moon,  and  from  this  cause  it  is 
owing  that  that  portion  of  the  lunar  surface  is 
more  brilliant  than  any  other  portion  of  the  moon; 
these  cavities,  along  with  the  mountainous  ridges 
which  encircle  them,  reflecting  a  greater  quantity 
of  light  than  any  other  part  of  the  lunar  regions. 
As  to  their  dimensions,  they  are  of  all  sizes,  from 
three  miles  to  fifty  miles  in  diameter  at  their  ori- 
fices, but  they  generally  decrease  in  breadth  to- 
ward the  bottom.  Their  depth  varies  from  about 
one-t|i.ird  of  a  mile  to  three  miles  and  thrfe  quar- 
ters below  the  summits  of  the  mountains  which 
surround  them;  but  in  all  cases  the  internal  depth  I 
of  the  cavity  is  much  lower  than  the  general  sur- ' 
face  of  the  moon.  Of  this  feature  of  the  lunar 
surface  we  have  no  examples  in  any  part  of  our 
globe;  but  we  have  reason  to  believe,  from  the 
variety  which  exists  in  nature,  that  not  one  world 
ii!  the  universe  exactly  resembles  another  in  its 
particular  arrangements. 

The  following  figures  will  perhaps  convey  a 
rude  idea  of  some  of  the  objects  on  the  lunar  sur- 
face now  described.  Fig.  .3U  is  a  view  of  the 
brilliant  spot  called  Aristarchus,  which  is  situate 
in  the  north-east  quadrant  of  the  moon's  surface, 
where  the  shadows  of  some  of  the  circular  cav- 
ities and  also  the  shadows  of  the  mountains  may 
be  perceived.  Fig.  37  is  the  spot  called  Ilevelius, 
wliich  contains  an  annular  cavity,  and  a  broken 
elevation  somewhat  resembling  an  egg.  Pig.  38 
represents  a  cavity  surrounded  by  a  circular  range 
of  mountains,  with  two  central  mountains  in  llie 
middle  of  the  plain,  in  which  the  shadows  of  one 
side  of  the  circular  range  and  of  the  central 
mount-nns  may  be  seen.  Fig.  39  shows  another 
magnified  portion  of  the  moon's  disc,  exhibiting 
several  circular  plains,  cavities,  and  other  varieties 
of  ilic  lunar  surface. 


From  what  we  have  now  briefly  stated,  it  is 
evident  that  on  immense  variety  of  picturesque 
and  sublime  scenery  is  presented  to  view  on  the 
surface  of  the  moon,  and  could  we  conceive  our- 
selves standing  on  some  of  her  lofty  peaks,  her 
circular  mountain  ridges,  or  on  the  summit  of  her 
central    mountain,    we    should    behold    a    much 
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greater  extent  of  prospect,  and  an  assemblage  of 
more  grand  and  sublime  objects  than  is  presented 
to  our  view  in  anv  of  our  terrestrial  hindf-capps. 
The  best  time  for  viewing  all  the  varietis  of 
scenerv  on  the  moon'.^  surface,  wilh  a  telercojx'., 
is  about  the  period  of  half  moon,  or  two  or  three 
days  before  or  after  it,  at  which  times  the  shadows 
of  the  lunar  mountains  and  cavities  are  longc'-J 
and  most  distinct.  At  the  time  of  full  moon, 
many  of  the   objects   described  above  cannot  be 
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perceived,  as  the  sun  tlien  shines  perpendicularly  | 
upon  the  moon's  surface,  so  that  tiie  siiadows  of  I 
the  different  objects  cannot  be  distinguished.     '1  he 
following    additional    particulars   respecting    the 
moon  may  be  stated. 

1.  The  length  of  a  lunar  day  is  eqnnl  to  nearly 
fifteen  of  our  days,  and  the  length  of  the  night 
the  same,  so  that  a  day  and  night  in  the  moon 
is  equal  to  twenty-nine  days  and  a  half,  or  one 
lunar  month.  On  the  hemisphere  next  the  earth, 
there  is  moonlight  nearly  all  the  time  the  sun  is  i 
absent;  but  in  the  other  hemisphere,  in  the  ab- 
sence of  the  sun,  there  is  no  light  but  what  pro-  ; 
ceeds  from  the  stars  and  planets.  Were  a  lunarian  i 
to  travel,  at  the  rate  of  ten  miles  an  hour,  in  a 
direction  at  right  angles  to  the  moon's  axis,  he 
might  keep  pace  with  the  moon's  rotation,  and  be 
enabled  to  live  in  perpetual  sunshine.  2.  The 
light  of  the  moon  has  been  computed  to  be  .?00,- 
000  times  less  intense  than  that  of  the  sun,  when 
shining  in  an  unclouded  sky;  yet  its  utility  is  con- 
siderable, and  when  the  full  moon  shines  in  its 
splendor,  it  throws  a  clieerful,  though  mild  light, 
over  the  surrounding  landscape.  3.  The  nearer 
the  moon  is  to  the  periods  of  new  and  full  moon, 
the  greater  is  her  velocity  in  her  orbit;  and  the 
nearer  she  is  to  the  quadratures,  the  slower  she 
moves.  When  the  earth  is  in  its  perihelion,  or 
nearest  the  sun,  which  happens  in  the  winter,  the 
periodical  time  of  the  moon  is  greatest;  and  when 
the  earth  is  in  its  aphelion,  which  happens  in 
summer,  the  periodical  time  of  tlie  moon  is  the 
least.  4.  The  mean  inclination  of  the  moon's 
orbit  to  that  of  the  earth  is  five  degrees,  nine 
minutes.  5.  The  eccentricity  of  her  orbit  is  12,- 
960  miles.  6.  The  moon  in  all  probability  is 
surrounded  with  an  atmosphere,  but  it  is  evidently 
a  very  small  one,  and  of  extreme  tenuity;  and  no 
clouds  or  vapors  appear  to  exist  in  it.  It  is  stated 
as  having  been  distinctly  perceived  during  the  an- 
nular eclipse  of  May,  18.16,  when  just  before  the 
rims  of  the  two  bodies  met,  the  light  of  the  sun 
was  seen  to  shoot  through  the  moon's  atmosphere, 
mollified  into  twilight.  Schroetor  calculates  its 
hight  at  5742  feet. 

There  can  be  little  doubt  that  the  moon,  like 
the  earth  on  which  we  dwell,  is  a  world  replenish- 
ed with  inhabitants.  Matter  appears  to  have  been 
created  chiefly  in  subserviency  to  mind;  and  it 
is  highly  improbable  that  the  Creator  would  leave 
a  globe  containing  a  surface  of  fifteen  millions  of 
square  miles  altogether  destitute  of  sensitive  and 
intellectual  beings,  especially  when  we  behold  its 
surface  diversified  and  adorned  with  such  a  vast 
assemblage  of  picturesque  and  sublime  scenery, 
and  when  we  consider  that  every  department  con- 
nected with  our  globe  is  peopled  with  sentient 
beings  of  every  description.  Although  seas  and 
rivers  and  a  dense  atmosphere  are  not  to  be  found 
connected  with  the  lunar  orb,  and  although  some 
of  its  arrangements  are  dilTerent  from  those  of 
the  earth,  yet  these  circumstances  form  no  valid 
objection  to  the  moon  being  inhabited,  for  the 
Creator  can  in  all  cases  adapt  the  inhabitant  to  the 
nature  of  the  habitation  provided  for  him,  as  he 
has  adapted  the  birds  for  winging  tlieir  flight 
through  the  air,  the  fishes  for  gliding  in  the 
waters,  and  man  and  quadrupeds  for  traversing 
the  dry  land. 

It  has  frequently  been  a  subject  of  inquiry. 
Whether  the  Inhabitants  of  the  moon  may  ever 
be  discovered  by  the  inhabitants  of  our  globe? 
Notwithstanding  the  improvements  that  have 
been  made  on  telescopes  in  modern  times,  we 
have  no  expectations  that  such  a  discovery  will 
over  be  made.     Even   the  large   telescope   lately 


constructed  by  the  Earl  of  Rosse,  however  distinct 
and  beautiful  a  view  it  may  exhibit  of  the  moun- 
tains and  vales,  rocks  and  caverns,  on  the  lunar 
surface,  will  never  be  able  to  show  us  its  inhabit- 
ants, although  they  had  bodies  five  hundred  times 
larger  than  those  of  the  inhabitants  of  the  earth. 
I'hut  teli'scope  has  seldom  been  used  with  powers 
exceeding  eight  hundred  times;  but  although  a 
power  of  two  thousand  times  could  be  put  upon 
it  with  distinctness,  it  would  make  the  moon  ap- 
pear no  nearer  to  us  than  one  hundred  and  twenty 
miles,  at  which  di-^tance  a  living  being,  although 
a  hundred  feet  high,  could  not  be  beheld.  For, 
with  such  a  power,  a  space  on  the  moon's  surface 
one  hundred  and  eigiity-three  feet  in  diameter 
could  only  be  perceived  as  the  smallest  visible 
point.  Beside,  we  ought  to  consider  that  when 
we  view  objects  on  the  surface  of  the  moon,  we 
do  not  view  them  in  perspective,  as  we  view  ob- 
jects on  the  surface  of  the  earth,  but  only  obtain 
a  bird's  eye  view,  as  we  do  of  objects  on  the  sur- 
face of  our  globe,  when  viewed  from  a  balloon 
suspended  in  the  atmosphere,  in  which  case,  when 
we  look  down  upon  a  group  of  human  beings,  we 
perceive  only  the  length  and  breadth  of  their 
heads  and  shoulders. 

There  is  a  possibility,  however,  of  tracing  the 
operations  of  sensitive,  or  intelligent  beings,  in 
the  lunar  orb,  although  we  can  never  expect  to 
trace  the  forms  or  motions  of  its  inhabitants. 
Were  a  vast  number  of  persons  in  different  parts 
of  the  world  to  devote  themselves  to  a  particular 
survey  of  the  moon — were  different  portions  of 
its  surface  alloited  to  different  individuals  as  the 
object  of  their  particular  research — were  accu- 
rate observations  made,  and  frequently  repeated, 
on  every  mountain,  hill,  cavity,  cliff',  and  plain, 
and  every  change  and  modification  in  the  particu- 
lar spots  and  their  localities  carefully  marked  and 
represented  in  a  series  of  delineations,  it  might 
lead  to  some  certain  conclusion  both  as  to  the 
physical  constitution  of  the  moon,  and  as  to 
whether  any  of  the  observed  changes  proceeded 
from  the  operations  of  living  agents.  If  an  ob- 
server in  the  moon,  with  such  a  telescope  as  Sir 
William  Herschel's,  or  that  of  the  Earl  of  Rosse, 
had  observed  the  city  of  Babylon,  when  in  its 
splendor,  and  afterward  when  reduced  to  a  desert, 
as  it  now  is,  he  must  have  observed  a  change  iu 
the  locality  where  that  famous  city  once  stood, 
indicative  of  the  operations  of  intelligent,  or  at 
least,  of  sensitive,  or  living  agents.  And  had  he 
viewed  the  dense  forests  of  America  before  civil- 
ized nations  took  possession  of  that  country,  and 
vvore  he  now  to  take  a  view  of  the  eastern  states  of 
North  America,  in  their  present  state  of  cultiva- 
tion, and  since  the  great  cities  of  New  York,  Bos- 
ton, and  Philadelphia  were  reared,  a  striking  diiTer- 
ence  between  the  present  and  the  former  state  of 
that  country  would  doubtless  be  perceptible.  P'or, 
if  an  extent  of  only  one  hundred  and  eighty-three 
feet,  or  sixtv-one  yards,  would  be  perceptible  by 
a  telescope  magnifying  two  thousand  times,  much 
more  would  the  extent  of  a  large  city,  such  as 
New  York,  be  distinctly  visible,  as  a  prominent 
and  well-defined  object.  Now,  if  changes  simi- 
lar, or  analogous  to  these,  could  be  traced  un  the 
surface  of  tiie  moon,  it  would  lead  us  to  form 
some  certain  conclusions  in  relation  to  the  opera- 
tions of  intelligent  agents,  and  consequently,  that 
such  beings  actually  exist  on  the  lunar  surface. 
But  such  observations  as  those  to  which  we  al- 
lude would  require  not  onlj^  to  be  specific  and 
!  minute,  but  also  to  be  continued  for  a  length  of 
i  years — perhaps  a  century  or  more — before  any 
'  striking  changes  could  be  expected  to  occur. 
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Dr.  Olbers  was  fully  of  opinion,  from  the  obser- 
vations he  li;id  made,  "  that  the  moon  is  inhabited 
by  raiioiial  creatures,  and  that  its  surface  is  more 
or  less  Covered  with  a  vegetation  not  very  dissimi- 
lar to  that  of  our  earth."  It  lias  formed  a  sub- 
ject of  sjieculation  with  some,  whether  it  might 
be  possible  to  correspond  with  the  lunar  inhabit- 
ants by  symbolical,  representations.  If  they  be 
nuithematicians,  it  has  been  conceived  that  ttie 
erL'Ction  of  geometrical  figures  on  some  exten:>ive 
plains  on  our  globe,  on  a  scale  of  vast  extent, 
might  be  recognized  by  the  inhabitants  of  the 
moon,  as  a  signal  of  correspondence,  and  that 
tiiey  miglit  erect  similar  figures  in  return.  But 
it  is  highly  questionable  whether  the  design  of 
such  figurws  would  be  appreciated,  or  whether 
they  would  be  visible  to  tlie  eyes  of  the  inhabit- 
ants. Many  a  look,  we  may  conceive,  will  be 
directed  to  our  globe  by  the  lunar  inhabitants, 
and  much  wonder  will  doubtless  be  e.xpressed  at 
such  a  large  globe  hanging  over  their  heads,  ap- 
parently immovable,  excepting  a  rotation  round 
its  axis;  and  much  speculation,  will,  without 
question,  take  place  among  them  as  to  whether 
such  a  globe  as  ours  be  inhabited.  But  it  does 
not  appear  to  be  the  design  of  the  Creator,  in  the 
meantime,  that  the  inhabitants  of  our  globe  and 
those  of  the  moon  should  become  acquaintpd,  or 
that  any  direct  correspondence  should  lake  place 
between  ditl'rent  worlds.  And  therefore,  we 
must  wait  with  patience  until  the  scenes  of  a 
future  life  shall  unravel  the  mysteries,  and  dispel 
the  darkness  which  now  hangs  over  the  history, 
the  popuiation,and  the  transactions  of  other  woi-|ds. 
Whatever  may  be  the  peculiar  circumstances  of 
the  beings  that  people  other  globes,  we  know  that 
they  are  all  under  the  care  and  superintendence 
of  Him  who  is  infinite  in  wisdom,  power  and  in- 
telligence; whose  "kingdom  ruleth  over  all,"  and 
whose  "  tender  mercies  are  over  all  his  works." 

But,  whatever  opinions  we  may  entertain  re- 
specting the  inhabitants  of  the  moon,  certain  it  is 
that  she  forms  a  beautiful  and  noble  appendage 


to  our  globe,  and  her  light  and  motions  ere  of 
high  utility  to  its  inhabitants.  How  cliecrlesa 
and  uncomfortable,  in  many  cases,  would  be  our 
nights,  were  it  not  for  the  mild  radiance  which 
the  lunar  orb  dispenses  in  such  regular  and 
a'rreeabte  vicissitude!  To  the  mariner,  wiiiie 
plowing  his  course  through  the  stormy  dee[)  ;  to 
the  plowman,  "plodiing  his  weary  w.iv  ;"  to 
the  peasant,  pursuing  his  course  through  moors 
and  morasses  after  nightfall  ;  to  t)ie  slieplierd, 
teiiMing  his  fleecy  charge  by  night;  to  travelers 
in  foreign  lands;  and  to  tlie  mi.-isioiiary  in  pagan 
countries,  when  returning  at  midnigiit  from  his 
sacred  labors;  the  moon,  in  her  various  stages,  ia 
alway.s  a  most  cheerful  and  welcome  visitant. 
She  throws  a  mild  and  silvery  luster  over  the 
forests,  the  mountains  and  the  vales,  and  we 
behold  a  new  picture  of  terrestrial  objects,  which 
is  more  delicately  shaded,  and  disposed  into  softer 
lights  than  that  which  is  displayed  under  the 
blaze  of  the  meriiiian  sun — a  scene  which  leads 
tlie  pensive  mind  to  pleasing  reflections,  and  to 
solemn  contemplation.  By  her  attractive  influ- 
ence, she  sways  the  ocean,  and  [)erpetnates  the 
regular  returns  of  ebb  and  flow,  by  which  the 
liquid  element  is  preserved  from  putrefaction, 
and  the  inhabitants  of  the  islands  and  continents 
from  infection  and  disease.  And,  although  her 
brightness  is  not  the  same  at  all  seasons,  and 
though  she  is  sometimes  absent  fro;n  our  noctur- 
nal hemisphere,  yet,  in  her  absence,  we  enjoy, 
on  a  clear  evening,  a  more  extensive  prospect  of 
the  starry  regions,  and  of  those  remote  spaces  of 
creation  where  suns  unnumbered  shine,  and 
planets  and  comets  run  their  solemn  rounds. 
Let  us  then  be  grateful  to  our  beneficent  Creator, 
who,  in  this  as  well  as  in  all  his  other  works, 
has  displayed  his  infinite  wisdom,  and  his  un- 
bounded goodness;  and  let  us  in  unison  with  the 
inspired  writers,  praise  the  name  of  t.ie  Lord, 
who  hath  appointed  "  the  moon  to  rule  by  nio-ht," 
as  an  evidence  of  his  fatherly  care,  ana  of  hia 
mercy,  which  "endureth  forever." 


CHAPTER    IV. 

DESCRIPTION  OF  THE  SUPERIOR  PLANETS  OF  THE  SOLAR  SYSTEM. 


SECTION    I. 
On    the  motions  and  aspects  of   the  superior 

PLANETS. 

The  planets  Mercury  and  Venus,  whose  mo- 
tions and  phases  we  formerly  described,  are  called 
inferior  planets,  becausa  they  revolve  round  the 
central  luminary  in  orbits  which  are  included 
within  the  orbit  of  the  earth,  and  consequently 
nearer  the  sun  than  the  earth  is.  The  superior 
planets  are  those  whose  orbits  are  without  that  of 
the  earth,  and,  of  course,  at  a  greater  distance 
from  the  sun.  The  superior  planets  are  Mars, 
Vesta,  Juno,  Ceres,  Pallas,  Astrtea,  Jupiter,  Sa- 
turn, and  Uranus.  They  are  distinguished  from 
the  inferior  planets  in  the  following  respects: — 1. 
They  come  to  our  meridian  at  midnight,  which 
the  inferior  planets  never  do.  2.  They  are  some- 
times seen  rising  in  the  east,  when  the  sun  is 
setting  in  the  west;  a  circumstance  which  never 
happens  to  Mercury  or  Venus.      3.   While  the 


inferior  planets  always  appear  to  move  in  the 
neighborhood  of  the  sun,  never  removing  be- 
yond forty-eight  degrees  of  that  luminary,  the 
superior  planets  may  be  seen  at  all  distances  from 
the  sun,  and  even  in  the  opposite  quarter  of  the 
heavens.  4.  The  superior  planets  never  can  ap- 
pear to  transit  the  sun's  disc,  as  Mercury  and 
Venus  have  been  seen  to  do  at  diflTerent  periods. 
5.  The  superior  planets  never  appear  in  the  form 
of  a  crescent,  or  of  a  half  moon,  as  the  two  in- 
ferior planets  are  found  to  do  in  certain  parts 
of  their  orbits.  They  always  appear  with  a 
round  face,  when  viewed  with  a  telescope,  except 
Mars,  which  sometimes  appears  with  a  slight 
gibbous  phase.  6.  A  superior  planet  can  only 
be  in  conjunction  with  the  sun,  when  the  sun  is 
between  the  earth  and  the  planet  ;  whereas  an 
inferior  planet  may  be  in  conjunction  with  the 
sun,  when  it  is  between  the  sun  and  the  earth. 
7.  There  are  also  certain  peculiarities  in  reference 
to  the  direct  and  retrograde  motions  of  the  supe- 
rior planets,  and  the  points  in  which  they  J^ppear 
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stationary,  different  from  those  of  the  inferior 
planets.  All  these  circumstances  clearly  bIiow 
that  the  path  of  the  earlli  round  the  sun  is  in- 
cluded vviliiin  the  orbits  of  the  superior  planets; 
that  we  ocenj>y  a  station  that  is  never  very  far 
re))ioveJ  frmn  the  tenter  of  tlieir  orbits,  and  that 
we  see  tln-we  planets  in  a  direction  Avliich  i;- 
nearly  that  in  which  the  sun's  rays  enligliten 
them. 

Apparent  mniions  of  the  super'mr  Planets  as  Sfen 
from  the  Earth. — I'lie  superior  planets  are  retro- 
grade when  seen  in  opposition  to  the  sun,  that  is, 
they  appear  to  move  from  east  to  west,  or  contrary 
to  the  order  of  the  signs  of  the  zodiac;  and  their 
motion  appears  direct,  or  from  west  to  east,  when 
in  conjunction  willi  the  sun.  Tl)e  following  dia- 
gram, fig.  39,*  will  illustrate  some  of  ttie  motions 
and  aspects  of  these  planets.  Let  the  central 
circle  s  represent  the  sun,  a  b  c  d  the  orbit  of  the 


39.* 


earth;  e  fg  H  the  orbit  of  a  superior  planet,  sup- 
pose that  of  Mars,  and  K  M  n  o  P  R  a  portion  of 
the  starry  heavens.  When  the  earth  is  at  d,  and 
Mars  at  e,  the  planet,  as  seen  from  the  earth  at  d, 
will  ajjpcar  in  the  same  part  of  the  heavens  as  the 
Bun,  or  in  conjunction  with  him.  When  the 
eart!i  is  at  n  an;!  the  planet  at  E,  it  is  then  said  fo 
be  in  opposition  to  the  sun;  for  the  sun  is  then 
seen  in  the  direction  s  p,  while  the  planet  is  seen 
in  the  direction  b  m 


to  K  among  tlie  stars,  which  is  its  direct  motion 
through  the  heavens,  or  from  west  to  east;  so  that 
when  tlie  earth  is  al  d,  the  planet  v.'ill  appear  at 
M,  and  wlien  the  earth  is  at  c,  it  will  appear  at  k. 
Hut  while  the  earih  moves  fhrougli  c  B  a  to  a.  it 
will  auuear  to  return  to  n.  having  a  retrograde 
motion  from  east  to  werst;  so  that  when  the  earth 
is  at  B,  it  will  appear  to  be  at  m,  and  when  the 
earth  is  at  a,  it  will  aj)pear  to  have  returned  back 
to  N.  When  the  earth  is  either  at  a  or  c,  the 
planet  will  appear  stationary  lor  a  few  days.  The 
direct  motion  is  very  slow  Irom  N  to  K,  because 
the  earth  has  to  move,  during  its  continuance, 
througn  tiie  large  part  of  its  orbit  a  n  c;  but  the 
retroi^rade  motion,  from  k  to  n,  is  perlormed  in 
much  less  time,  because  the  earth,  while  it  con- 
tinues, has  to  move  only  from  c  to  a. 

We  have  supposed  the  planet  at  rest,  in  order 
to  avoid  complexity  in  the  illustration;  but  tha 
appearances  will  be  the  same,  vvhetlier  we  con- 
ceive the  planet  at  rest  or  in  motion;  only  the 
time  in  wliicli  the  direct  and  retrograde  motions 
ai-e  performed  will  be  different  when  we  view  the 
planet  as  in  motion.  Jupiter,  Saturn,  and  all  the 
otlier  superior  planets  have  similar  direct  and  re- 
trograde motions  and  stationary  positions.  They 
all  retrograde  when  in  opposition,  and  for  some 
time  before  and  after  it;  but  tiiey  differ  greatly 
as  to  the  time  of  its  duration.  It  is  more  rapid 
and  extensive  in  the  case  of  Pilars  tiian  of  the 
other  planets  which  are  farther  di-^^tant  from  the 
sun.  It  may  just  be  further  stated,  that  the  times 
of  the  conjunctions,  oppositions,  direct  and  retro- 
grade motions,  and  also  of  the  stations  of  the  su- 
perior planets  depend  upon  the  combinations  of 
their  motions  in  their  orbits  with  the  motion  of 
the  earth  in  its  orbit;  and  this  combiniilion  causes 
all  the  apparent  irregularities  wliich  appear  in  the 
motions  both  of  tiie  superior  and  inferior  planats. 
But  all  the  planets,  if  viewed  from  the  sun,  the 
center  of  their  motions,  will  appear  to  move  with- 
out interruption  in  tlie  same  direction  ;  only 
moving  somewhat  more  slowly  in  their  Aphelion, 
and  more  swiftl)'  in  their  Perihelion.* 


SECTION   II. 

0  -X     THE     PLANET     MARS, 


This  is  the  iirst  of  the  superior  planets  next  to 
the  earth.  Its  name,  which  was  given  by  the 
ancients,  signifies  "  the  god  of  war,"  which  ap- 
In  this  case,  the  planet  is  j  pears  to  have  been  given  on  account  of  its  rudiiy 
nearest  to  tiie  earth,  and  in  the  case  of  Mars,  it  is  !  or  fiery  appearance,  and  because  the  astrologers 
only  fifty  millions  of  miles  distant  from  us.  But  |  imagined  it  to  be  a  promoter  of  war  and  blood- 
when  the  eartii  is  at  B  and  Mars  at  g,  the  planet  is  j  shed.  It  is  rather  unfortunate  that  the  names  of 
the  whole  diameter  of  the  earth's  orbit,  or  one  '  the  planets,  as  well  as  of  the  celestial  contitella- 
hundred  and  ninety  millions  of  miles  farther  dis-  |  tiohs,  should  all  be  derived  from  heatlien  mytho- 
tant.  and  consequently,  at  that  time,  tv.'O  hundred  I  logy,  and  from  the  superstitious  and  idolatrous 
and  forty  millions  of  miles  from  the  earth.  Hence  j  views  of  the  ancients.  It  ill  comports  with  the 
it  happens  that  this  planet  appears  about  twenty-  ;  peaceable  study  of  astronomy  that  a  god  of  war 
five  times  larger  in  the  one  case  than  in  the  other.  ;  should   be    supposed   riding   in   his    tlery  chariot 


through  the  heavens,  and  brandishing  his  sword 
over  the  nations  to  excite  them  to  diabolical  con- 
tests. It  presents  a  melanclioly  and  degrading 
[)icture  of  human  nature,  that  in  all  ages  war  has 
produced  its  horrid  massacres  and  devastations 
among  every  kindred,  and  in  every  clime,  and 
that  men  should  have  imagined  that  a  celestial 

•  Tlie  Aplielion  is  tliat  point  of  the  orljit  of  tlie  earth,  oi 
of  any  otlier  plnnet,  whicli  is  fartliest  from  the  sun;  and  th« 
Ferilioliuii   is  lli.it  point  in  the   orhit  of  ;i  planet  which   ii 
_  .  .  .         ne^.rest  to  the  snn.     As  the  p';-not5  trove  in  elliptical  orbits, 

while  the  earth  is   moving  through  tiie  part  of    its    i),ey  must,  of  course,  be  at  different  distances   from  the  so> 
orbit  ADC,  the  planet  will  appear  to  move  from  N  ,  in  (iiflerent  parts  of  their  orbits.— .See  Appendix,  No.  III. 


When  farthest  distant  from  the  earth,  it  appears 
like  a  small  star;  but  when  nearest  ns,  it  appears 
nearly  as  large  as  Jupiter  or  Venus,  but  with  a 
more  ruddy  aspect.  These  circumstances  clearly 
prove  that  Mars  does  not  move  round  the  earth 
as  its  center  of  motion,  as  the  ancients  supposed, 
but  round  the  sun,  and  that,  too,  in  an  orbit  which 
iueliides  the  earth's  orbit  williin  it. 

The  cause  of  the  direct  and  retrograde  motions 
of  the  superior  planets  will  likewise  appear  from 
fig.  39.      Su!>pcFe    the  earth  at  a,  and  Alars  at  v., 
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deity  was  appointed  to  preside  over  its  infernal 
operations,  and  to  "  urge  the  foes  to  battle."  It 
will  be  to  the  eternal  dishonor  of  the  human 
character,  tiiat  ever  such  malignant  exploits  were 
engaged  in,  in  our  terrestrial  sphere.  In  modern 
limes,  it  is  an  indelible  disgrace  to  nations,  who 
designate  themselves  as  civilized  and  enlightened, 
that  such  a  mode  of  settling  disputes  between 
Btates  and  empires  should  be  resorted  to  as  that  of 
warfare.  It  is  glaringly  unchristian;  it  is  inhu- 
man and  atrocious;  it  is  a  violation  of  the  funda- 
mental laws  which  unite  the  moral  universe;  it 
is  accompanied  with  almost  all  the  evils  which 
can  atflict  humanity;  it  is  subversive  of  the 
wealth  and  prosperity  of  nations;  and  it  must  be 
highly  offensive  to  the  Creator,  who  has  so  curi- 
ously constructed  the  human  frame,  and  formed 
man  "after  his  own  image,"  that  such  an  exqui- 
site structure  should  be  cut  and  slashed  and  de- 
stroyed by  those  who  are  partakers  of  the  same 
nature.  In  short,  it  conveys  an  absurditj'  in  the 
very  idea  of  it;  for  it  never  can  decide  on  which 
side  of  a  disputed  question  justice  and  right  are 
to  be  found;  and  it  degrades  man,  who  is  endowed 
with  high  intellectual  powers,  to  a  level  with  the 
inferior  animals — with  the  bear,  the  lion,  and  the 
hyena,  that  have  no  other  mode  of  settling  their 
disputes  but  by  physical  force.  Scarcely  any- 
thing can  be  more  degrading  and  monstrous,  in 
beings  furnished  with  moral  faculties,  and  en- 
dowed with  reason  and  intelligence.  But  it  is 
needless  to  say  that  the  planet  Mars,  though  some- 
what more  ruddy  than  the  other  planets,  has  no 
influence  whatever  over  such  barbarous  and  ma- 
lignant exploits.  It  sweeps  along  in  its  course 
through  the  heavens,  in  unison  with  the  other 
bodies  which  compose .  the  solar  system,  in  obe- 
dience to  a  universal  law,  and  displays,  in  its  mo- 
tions, its  Creator's  power  and  wisdom. 

The  distance  of  this  planet  from  the  sun  is  one 
hundred  and  forty-tive  millions  of  miles,  and  the 
circumference  of  its  orbit  about  nine  h-undred 
millions  of  miles.  The  distance  of  its  orbit  from 
that  of  the  earth  is  fifty  millions  of  miles;  and, 
at  the  time  of  its  opposition  to  the  sun,  it  is  about 
this  distance  from  the  earth — which  is  the  nearest 
approach  to  the  earth  which  any  primary  planet 
can  make,  the  planet  Venus  only  excepted.  It 
accomplishes  its  revolution  round  the  sun  in  six 
hundred  and  eighty-soven  days,  or  about  one  year 
and  ten  months,  which  is  at  the  rate  of  fifty-four 
thousand  miles  an  hour — a  rapidity  of  motion 
which  afForus  a  striking  idea  of  the  omnipotent 
energies  of  the  Creator.  But  before  it  can  return 
to  the  same  relative  posiliou  in  regard  to  the  sun, 
or,  in  other  words,  from  one  conjunction  or  oppo- 
■ition  to  another,  it  occupies  a  period  of  seven 
hundred  and  eighty  days — that  is,  two  years  and 
fifty  dnys.  It  is  only  at  the  period  of  its  opposi- 
tion, when  it  is  nearest  the  earth,  and  a  short 
time  before  and  after  it,  that  this  planet  makes  its 
most  splendid  appearancf^,  almost  rivaling  Jupiter 
in  its  luster;  and  therefore,  before  we  can  again 
see  it  with  the  same  degree  of  luster,  a  period  of 
two  years  and  fifty  days,  at  an  average,  must 
elapse.  It  was  in  this  position  in  June,  1843; 
again  in  August,  lb'45;  and  again  in  October, 
1^47.  This  is  the  most  eligible  period  for  observ- 
ing the  surface  of  Mars  through  telescopes,  and, 
likewise,  for  observing  its  direct  and  retrograde 
motions.  From  spots  which  have  been  observed 
on  the  surface  of  Mars  by  the  telescope,  it  was 
determined  that  it  makes  a  revolution  round 
its  axis  in  twenty-four  hours  and  nearly  forty 
minutes — which  is  only  forty-four  minutes  longer 
tlian  the  diurnal  rotation  of  the  earth,  and  is  per- 
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formed  in  the  same  direction,  namely,  from  west 
to  east.  Its  a.-iis  is  inclined  to  the  plane  of  the 
ecliptic  at  an  angle  of  nearly  sixty  degrees,  or 
about  thirty  degrees  from  the  perpendicular.  Of 
course  there  must  be  different  lengths  of  days 
and  nights  in  ditlerent  regions  of  this  planet;  and, 
likewise,  a  diversity  of  seasons,  somewhat  similar 
to  what  we  experience  on  our  globe. 

This  planet,  as  to  size,  ranks  among  the  smaller 
bodies  of  the  solar  system.  Its  dimensions  are  as 
follows: — Its  diameter  is  found  to  be  about  four 
thousand  two  hundred  miles — which  is  little  morei; 
tiian  half  the  diameter  of  our  globe.  Its  surfaceB 
contains  above  iifty-five  millions  of  square  miles, 
which  is  several  millions  more  thau  the  number 
of  square  miles  on  the  habitable  parts  of  the 
eartii.  Were  its  whole  surface  composed  of  land, 
and  were  it  peopled  in  the  same  proportion  as 
Belgium — three  hundred  iidiabitants  to  a  square 
mile — it  could  contain  a  population  of  sixteen 
thousand  five  hundred  millions,  or  more  than 
twenty  limes  the  present  population  of  our  globe; 
so  that  this  planet,  though  comparatively  a  small 
one,  may  rank  higher  than  even  our  world  in  res- 
pect to  the  number  of  sensitive  and  intellectual 
beings  it  may  contain.  This  planet,  like  the  earth 
and  several  other  planets,  is  of  a  spheroidal  figure, 
its  polar  diameter  being  about  two  hundred  and 
sixty  miles  shorter  than  its  equatorial. 

When  viewed  with  good  telescopes,  spots  of 
various  forms  have  been  discovered  on  the  disc  of 
Mars.  It  was,  however,  more  than  fifty  years 
after  the  invention  of  the  telescope,  before  any 
discoveries  were  made  on  the  surface  of  this 
planet,  or  any  spots  could  be  seen  to  determine  its 
rotation.  Cassiui,  an  Italian  astronomer,  about 
the  year  1666,  was  among  the  first  who  perceived 
several  dark  spots  on  the  surface  of  Mars;  and 
Dr.  Hooke,  in  England,  and  Campani,  at  Rome, 
about  the  same  time,  made  similar  observations. 
It  was  found  that  all  the  features  which  the  planet 
exhibits  at  any  moment,  gradually  disappeared  in 
twelve  hours  and  twenty  minutes,  at  the  expira- 
tion of  which  time  it  exhibits  an  entirely  different 
appearance;  and,  by  continuing  to  observe  its  disc, 
the  former  features  were  seen  to  come  successive- 
ly into  view — and  thus  was  its  revolution  round 
its  axis  ascertained,  and  the  period  of  it  accurately 
determined.  Some  observers  have  remarked  that 
these  spots  do  not  always  appear  well-defined,  and 
that  they  frequently  change  their  form;  but  that 
some  of  them  continue  always  the  same.  It  ap- 
pears probable  that  clouds  exist  in  the  atmos|)here 
of  Mars,  and  that  these,  being  occasionally  inter- 
posed between  the  eye  of  tlie  observer  and  the 
surface  of  the  planet,  may  cause  the  changes  of 
appearance  which  have  been  observed.  It  is  ad- 
mitted by  all  astronomers  that  an  atmosphere,  or 
body  of  air,  of  considerable  density  and  extent, 
surrounds  this  planet;  for  it  is  found  that  small 
stars,  as  they  approach  the  edge  of  its  disc,  suffer 
a  gradual  diminution  in  brigiitness,  before  they 
disappear,  by  the  interposition  of  its  body;  and 
this  obscurity  of  a  star,  when  seen  in  such  circum- 
stances, must  arise  from  its  being  viewed  through 
a  dense  medium  connected  with  tlie  planet.  The 
circumstance,  therefore,  of  an  atmosphere  around 
Mars,  combined  with  the  fact  that  it  has  a  revolu- 
tion round  its  axis,  to  produce  the  alternate  suc- 
cession of  day  and  night,  forms  a  strong  presump- 
tive proof  that  this  planet  is  an  inhabited  world, 
and  destined  to  afford  existence  and  happiness  to 
numerous  orders  of  beings. 

There  is  an  intensely  white  spot  which  has  been 
long  observed  around  the  pole  of  Mars,  when, 
emerging  from  darkness,  it  first  receives  the  sun'a 
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ijght:  and  tliis  gradually  diminishes  in  magnitude 
and  brightness  until  the  pole  again  withdraws  it- 
eelf  from  the  sun;  and  as  regularly  and  certainly 
re-appearing,  when  the  same  pole  emerges  from 
the  cold  and  darkness  of  its  winter.  For  as  the 
axis  of  Mars  is  inclined  to  its  ecliptic,  or  the 
plane  of  its  orbit,  one  of  its  poles  is  deprived  of 
the  solar  light  during  eleven  months,  or  one-half 
of  its  year,  in  the  same  manner  as  the  north  pole 
of  our  globe  is  in  darkness  from  the  end  of  Sep- 
tember to  the  21st  of  March.  Now,  it  has  been 
supposed  that,  during  this  long  winter  of  eleven 
months  in  the  polar  regions  of  Mars,  these  regions 
are  covered  With  snow,  which  is  the  cause  of  the 
white  appearance  about  the  poles,  when  these 
poles  emerge  from  darkness;  and,  after  long  ex- 
posure to  the  sun's  rays,  during  the  other  eleven 
mouths,  when  the  sun  is  shining  upon  them  with- 
out interruption,  these  polar  snows  are  gradually 
dissolved,  so  as  to  leave  the  naked  soil  of  that 
region  exposed  to  view. 

The  following  are  the  results  of  Sir  John  Her- 


schel's  observations  on  this  planet,  made  with  a 
twenty  feet  reflecting  telescope.  He  says  that, 
on  account  of  the  clearness  of  its  atmosphere,  he 
has  been  enabled  to  observe,  with  perfect  distinct- 
ness, the  outlines  of  continents  and  oceans;  that 
the  land  on  its  surface  is  distinguished  by  a  red 
hue,  which  imparts  to  the  planet  the  ruddy  ap- 
pearance it  has  when  viewed  by  ordinary  tele- 
scopes, and  which  its  light  exhibits  to  the  naked 
eye.  This  redness  he  ascribes  to  a  quality  in  the 
prevailing  soil,  like  that  which  our  red  sandstone 
districts  would  exhibit  to  an  observer  contemplat- 
ing the  earth  from  the  surface  of  Mars.  The  seaa 
of  this  planet,  he  observes,  have  a  greenish  hue, 
altogether  resembling  the  color  of  our  own.  These 
spots,  however,  are  not  always  to  be  seen  equally 
distinct,  because  of  the  varying  transparency  of 
the  atmosphere;  but  when  they  are  distinctly  seen, 
they  always  present  the  same  appearance.  The 
following  are  some  of  the  telescopic  views  which 
have  been  taken  of  this  planet.  Fig.  40  is  one 
of  the  views  taken  by  Sir  J.  Herachel  with  hia 


Figs.  40-43. 


twenty  feet  reflector.  The  dark  portions  are  con- 
sidered to  be  water,  and  the  white  spaces  land — at 
a  is  the  white  polar  spot  described  above.     Fig. 

41  is  one  of  the  views  given  by  Sir  W.  Herschel, 
which  presents  the  appearance  of  a  portion  of  a 
sea,  with  a  gulf  running  up  into  the  land.     Fig. 

42  is  a  view  of  Jupiter  given  by  Maraldi,  which 
he  observed  in  1704,  and,  by  means  of  the  promi- 
nence marked  h,  he  determined  the  period  of  ro- 
tation. Fig.  43  is  a  view  of  Mars,  which  we 
have  several  times  observed  about  the  time  of  its 
opposition  to  the  sun. 

From  the  whole  of  what  has  been  now  stated 
respecting  this  planet,  the  following  conclusions 
may,  with  a  high  degree  of  probability,  be  deduced 
— that  it  is  environed  with  an  atmosphere  of  con- 
Biderable  extent,  in  which  clouds  probably  exist; 
that  the  dark  spots  are  water,  or  seas,  which  re- 
flect a  much  less  proportion  of  the  solar  liglit  than 
land,  and  probably  cover  about  oiie-tiiird  of  its 
surface;  that  a  variety  of  seasons,  somewhat  simi- 
lar to  ours,  must  be  experienced  in  this  planet,  but 
of  a  much  longer  duration;  and  that  it  bears  a 
more  striking  resemblance  to  the  world  in  which 
we  dwell  than  any  other  planet  of  the  solar  sys- 
tem. It  was  owing  to  observations  rnade  on  this 
olanet  by  the  famous  astronomer,  Tycho  Brahe, 
«nd  to  the  records  i)f  his  observations  having  fall- 
en into  the  hands  of  Kepler,  that  the  three  great 
laws  of  pkuKtary  motion,  generally  termed  "Kep- 


ler's Laws,"  were  discovered.  These  laws,  which 
we  may  afterward  notice,  lie  at  the  foundation  of 
modern  astronomical  science,  and  give  precisiou 
to  its  principles. 


SECTION   III. 
On   the   new  planets. 

Within  the  limits  of  the  present  century,  four 
new  planetary  bodies  have  been  discovered,  none 
of  which  was  known  to  former  asfronomers. 
They  are  named  Vesta,  Juno,  Ceres,  and  Pallas. 
They  are  all  situate  beyond  the  orbit  of  Mars, 
and  within  that  of  Jupiter,  and  present,  a  variety 
of  singular  anomalies;  but,  as  they  are  all  invisi- 
ble to  the  unassisted  eye,  and  can  never  be  noticed 
by  common  observers,  we  shall  give  only  a  brief 
sketch  of  their  history,  and  their  magnitudes  and 
motions,  so  far  as  they  are  known.  From  the  in- 
terval  of  nearly  three  hundred  and  fifty  millions 
of  miles  which  hes  between  the  orbits  of  Mars 
and  Jupiter,  it  was  long  conjectured,  as  hig  ly 
probal)le,  that  some  undiscovered  planet  either 
exists,  or  had  existed,  in  some  part  of  this  vast 
region,  so  as  to  present  something  like  proportion 

i  in  tlie  arrangements  of  the  system,  when  com- 
pared with  the  distances  which  intervene  between 

( tlie  orbits  of  Mercury,  Venus,  the   Earlli,   aud 
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Mars.  This  conjecture  may  be  considered  as 
having  been  in  some  degree  realized  by  the  dis- 
covery of  four  small  bodies,  situate  in  orbits  at 
no  great  distance  from  each  other,  at  an  average 
of' about  a  hundred  millions  of  miles  beyond  the 
orbit  of  Mars. 

History  of  their  Discovery. — The  first  of  these 
bodies  which  was  discovered,  was  the  planet  Ceres. 
It  was  discovered  at  Palermo,  by  Piazzi,a  Sicilian 
astronomer,  in  the  constellation  Taurus,  on  the 
1st  of  January,  1801 — being  the  first  day  of  the 
present  century — and  within  the  limits  of  the 
next  seven  years,  all  the  other  three  bodies  were 
discovered.  After  being  lost  for  some  time,  it  was 
re-discovered  by  Dr.  Olbers,  of  Bremen,  after  a 
series  of  unwearied  observations — when  its  mo- 
tions and  position  in  the  system  were  determined 
— since  which  time,  its  place  iu  the  heavens  can 
always  be  ascertained.  Only  fifteen  months 
elapsed,  after  the  discovery  of  Ceres,  when  Dr. 
Olbers,  on  the  28th  of  March,  1802,  discovered 
the  planet  Pallas.  The  planet  Juno  was  discover- 
ed Off  the  first  of  September,  1804,  at  the  observa- 
tory of  Lilienthal,  near  Bremen,  by  Mr.  Harding, 
while  he  was  endeavoring  to  form  an  atlas  of  all 
the  stars  near  the  orbits  of  Ceres  and  Pallas,  with 
the  view  of  making  further  discoveries.  The 
planet  Vesta  was  discovered  on  the  29th  of  March, 
1807,  by  Dr.  Olbers,  who  had  previously  discover- 
ed Pallas.  He  had  previously  conjectured  that 
the  three  small  celestial  bodies,  lately  discovered, 
were  merely  the  fragments  of  a  larger  planet, 
which  had  been  burst  asunder  by  some  internal 
convulsion,  and  that  several  more  might  yet  be 
discovered  between  the  orbits  of  Mars  and  Jupi- 
ter. On  this  hypothesis  he  concluded  that,  as 
these  fragments  must  all  have  diverged  from  the 
Bame  poiut,  they  ought  to  have  two  common 
points  of  reunion,  or  two  nodes  in  opposite  re- 
gions of  the  heavens,  through  which  all  the  plane- 
tary fragments  must  sooner  or  later  pass.  One 
of  these  nodes  he  found  to  be  in  the  sign  Virgo, 
and  the  other  in  the  constellation  of  the  Whale — 
and  it  was  actually  in  the  Whale  that  Mr.  Harding 
discovered  the  planet  Juno.  Therefore,  with  tlie 
intention  of  discovering  other  fragments  of  the 
supposed  planet,  if  any  should  exist,  Dr.  Olbers 
examined  three  times  every  year,  all  the  small 
stars  iu  the  opposite  constellations  of  Virgo  and 
the  Whale — and  his  labors  were  crowned  with 
success,  by  the  discovery  of  a  new  planet,  in  Vir- 
go, to  which  he  gave  the  name  of  Vesta. 

The  magnitudes  of  these  bodies,  on  account  of 
their  comparatively  small  size,  and  the  difficulty 
of  measuring  their  apparent  diameters,  have  not 
yet  been  accurately  determined.  The  following 
is  a  brief  summary  of  what  has  been  ascertained 
respecting  their  distances,  motions  and  magni- 
ludes.  The  planet  Vesta,  which  was  last  dis- 
covered, is  considered  as  the  nearest  to  the  sun. 
Its  distance  from  that  luminary  is  reckoned  to  be 
about  225  millions  of  miles,  and  it  revolves  about 
the  sun  in  1325  days,  or  in  three  years,  seven 
months  and  a  half,  moving  at  the  rate  of  44,000 
miles  an  hour.  Some  have  estimated  its  diameter 
at  276  miles,  and  if  so,  it  will  contain  229,000 
square  miles  on  its  surface.  But  it  is  probable, 
from  a  variety  of  circumstances,  that  it  is  con- 
siderably larger  in  size  than  what  is  here  stated. 
The  distance  of  Juno  from  the  sun  is  254  millions 
of  miles,  and  it  accomplishes  its  revolution  in  four 
years  and  one  hundred  and  twenty-eight  days,  at 
the  rate  of  41,850  miles  an  hour.  Its  diameter  is 
estimated  by  certain  German  astronomers,  at  1425 
English  miles.  It  is  of  a  reddish  color,  and  is 
free  from  any  nebulosity,  and  is  supposed  to  be 


environed  with  a  dense  atmosphere.  The  planet 
Ceres  is  263  millions  of  miles  from  the  sun,  and 
finishes  its  revolution  in  four  years,  seven  months, 
and  ten  days.  Its  real  diameter  is  estimated  at 
1624  miles,  so  that  its  surface  will  contain  more 
than  eight  millions  of  square  miles;  but  its  atmo- 
sphere is  reckoned  at  about  675  miles  in  hight. 
It  is  of  a  slight  ruJdy  color,  and  appears  like  a 
star  of  the  ciglith  magnitude.  The  planet  Pallas 
is  distant  from  the  sun  about  263  millions  of 
miles,  or  about  the  same  distance  as  Ceres,  and 
completes  its  revolution  in  four  years,  seven 
months,  and  one-third  of  a  month,  which  is  within 
a  day  of  the  time  of  the  revolution  of  Ceres. 
Schroeter,  a  German  astronomer,  considered  this 
planet  as  the  largest  of  the  four,  and  he  estimated 
its  diameter  to  be  2099  miles,  and  consequently 
nearly  the  size  of  our  moon.  It  presents  a  ruddy 
aspect,  and  is  surrounded  with  a  nebulosity, 
somewhat  like  Ceres,  but  not  so  extensive.  It  is 
distinguished  from  all  the  other  planets  by  the 
very  great  inclination  of  its  orbit  to  the  plane  of 
the  ecliptic,  which  is  no  less  than  thirty-four  de- 
grees thirty-seven  minutes. 

These  four  planets  present  to  our  view  certain 
singularities  and  anomalies,  which,  at  first  view, 
appear  incompatible  with  the  harmony  and  pro- 
portions which  we  might  suppose  originally  to 
have  characterized  the  arrangements  of  the  plane- 
tary system.  1.  Their  orbits  are  in  general  more 
eccentric  than  those  of  the  other  planets;  in  other 
words,  they  move  in  longer  and  narrower  ellipses. 
The  eccentricities  of  the  orbits  of  Juno  and  Pallas 
amount  nearly  to  one-eighth  part  of  the  trans- 
verse axes  of  their  orbits;  whereas  tlie  eccen- 
tricities of  the  orbits  of  Jupiter  and  Uranus  are 
only  the  one  forty-third  part,  and  that  of  the 
earth,  one  hundred  and  nineteenth.  Hence  it 
follows,  that  Pallas  and  Juno  will  sometimes  be 
129  millions  of  miles  farther  from  the  sun  at  one 
period  than  at  another.  2.  Their  orbits  have  a 
much  greater  degree  of  inclination  to  the  ecliptic 
than  those  of  the  other  planets;  that  of  Pallas  be- 
ing no  less  than  thirty-four  degrees  and  a  half, 
wiiich  is  twenty-seven  times  greater  than  that  of 
Jupiter.  3.  They  revolve  nearly  at  the  same 
mean  distance  from  the  sun.  The  mean  distance 
of  Juno  is  254,000,000;  of  Ceres,  262,903,000,  and 
of  Pallas,  262,901,000  of  miles;  while  in  the  case 
of  all  the  other  planets,  many  millions  of  miles, 
sometimes  amounting  to  hundreds,  intervene  be- 
tween their  orbits.  4.  They  perform  their  revo- 
lutions in  nearly  the  same  periods.  The  period 
of  Juno  is  four  years,  four  months  and  a  half;  of 
Ceres,  four  years,  seven  months  and  a  half;  and 
of  Pallas,  four  years,  seven  months  and  a  half; 
whereas  the  periods  of  the  old  planets  differ  very 
considerably  from  each  other:  that  of  Mars  being 
less  than  two  years;  that  of  Jupiter,  twelve  years; 
of  Saturn,  nearly  thirty  years;  and  of  Uranus, 
eighty-four  vears.  5.  The  orbits  of  some  of  these 
planets  cross  each  other.  Tiiis  is  a  very  singular 
and  unaccountable  circumstance  in  regard  to 
planetary  orbits,  and  cannot  possibly  happen  in 
the  case  of  the  other  planets,  or  any  of  their  satel- 
lites. Tliis  is  represented  in  the  following  dia- 
gram, fig.  44.  The  orbit  of  Vesta  crosses  the 
orbits  of  the  other  three,  and  therefore  it  is  a  pos- 
sible circumstance  that  a  collision  might  taJie 
plnce  between  Vesta  and  these  three  planets  at  the 
points  of  intersection  a  and  6;  and  were  it  ever 
to  ha[)pen,  the  consequences  would  be  dreadful  to 
both  planets. 

Within  a  very  short  period,  a  new  planet  haa 
been  discovered  by  Mr.  Hencke,  of  Dreisen,  in 
Prussia.     It  appeared  like  a  star  of  the  ninth  mag- 
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nitude,  in  a  place  where,  before,  there  was  none. 
This  discovery  was  made  on  the  8lh  of  De.';eui- 
ber,  1845.  Its  place  on  December  the  14tli,  as 
found  by  Professor  Encke,  of  Berlin,  at  six  hours 
twenty-eight    minutes,  was,  right   ascension,  64 

Fig.  U. 


deg  4  min.  53  sec.  At  thirteen  hours,  34  min.  55 
sec,  its  right  ascension  in  time  was  4  hour.~,  16 
min.,  2  sec.  Declination  north,  12  deg.  39  min. 
53  sec.  At  fourteen  hours,  33  min.  27  sec. 
Right  ascension  in  time,  4  hours  16  min.  Decli- 
nation north,  12  deg.  39  min.  52  sec.  Its  motion 
was  retrograde,  and  its  daily  amount,  as  deter- 
mined from  the  observations,  8  hours  apart,  was, 
in  right  ascension,  14  min.  21  sec.  In  declina- 
tion, its  motion  was  quite  Insignificant.  This 
moving  body  was  afterward  observed  in  England 
by  Messrs.  South,  Airy,  and  others;  and  from 
their  observations  and  those  of  foreign  astrono- 
.ners,  it  has  now  been  determined  to  be  a  planet 
belonging  to  the  solar  system,  to  which  the  name 
Astraea  has  been  given. 

From  the  notes  of  Astrcea's  position  given  by 
Encke  and  Schumacher,  M.  Faye,  a  French  as- 
tronomer, has  calculated  the  elements  of  its  orbit. 
They  are  as  follows  : — 

Epoch,  1845,  Dec.  14, 

Longitude  of  ascending  node, 

Inclination, 

Semidiameter  of  orbit, 26,024 

Movement, direct. 

Period  of  sidereal  revolution,  4  years  2  months. 

It  appears,  therefore,  that  Astroea  has  a  certain 
relation  to  the  four  minor  planets,  revolving  be- 
tween Mars  and  Jupiter,  which  were  discovered 
about  the  beginning  of  the  present  century.  This 
relation  will  appear  at  once  when  their  elements 
are  compared,  as  in  the  following  statement  :• — 


Deg 

Min. 

71 

1.3.6 

35 

14.6 

6 

1.2 

Mean  dist. 

Mean  period 

Inclinp.tion  of 

from  the  sun. 

in  days. 

orbit. 

Vesta,  . 

...2.3678 

1325 

70 

8'      9" 

Juno,  . 

. .  2.6690 

1592 

13 

4       9 

Ceres,  . 

...2.7672 

1681 

10 

37     26 

Pallas, . 

. .  .2.7728 

1686 

34 

34     55 

Astraea, 

...2.6024 

1521 

6 

1        2 

In  the  element  of  distance,  that  of  the  earth 
from  the  sun  is  taken  as  a  unit.  The  distance  of 
Astrcea  from  the  sun  is  to  that  of  the  enrtli  as 
2.6024  to  1.000,  or  in  round  numbers  as  26  to  10. 
It  follows  that  Astrffia  revolves  round  the  central 
luminary  at  the  distance   of  247,000,000  miles. 


In  its  distance  and  period  of  revolution,  Astrtea 
agrees  most  nearly  with  Juno,  in  inclination  with 
Vesta. 

The  discovery  of  this  ]^lanet  affords  a  strong 
corroboration  of  the  hypotlicsis  which  supposes 
that  the  four  new  plannts  formerly  discovered, 
originatf'd  from  the  disruption  of  a  large  j)lanet 
which  formerly  moved  between  Mars  and  Jupiter 
Such  a  catastrophe  is  involved  in  a  great  mystery; 
and  yet,  without  supposing  it  to  have  taken  place, 
we  can  scarcely  account  for  the  peculiarities  of 
these  planets,  which  form  anomalies  in  the  solar 
system.  It  is  not  improbable  tliat  other  bodies, 
originating  from  the  same  source,  may  yet  be 
discovered. 

Such  anomalies  and  singularities,  in  the  case 
of  these  lately  discovered  bodies — so  very  different 
from  the  arrangement  of  the  other  planets — hav3 
opened  a  field  for  speculation  and  inquiry.  It  has 
been  supjiosed,  on  somewhat  plausible  grounds, 
that  these  planets  are  only  the  fragments  of  a  larger 
planet  which  had  been  burst  asunder  by  some 
immense  eruptive  force  proceeding  from  its  inte- 
rior parte.  This  hypothesis  accounts  in  a  great 
measure  for  the  anomalies  and  apparent  irregula- 
rities to  which  we  have  alluded,  particularly  for 
the  intersection  of  their  orbits,  and  for  the  fact, 
that  the  planets  are  not  round,  as  is  indicated  by 
the  instantaneous  diminution  of  their  light,  when 
they  present  their  angular  faces.  It  has  also  been 
supposed  that  the  smaller  fragments  that  may  have 
escaped  at  flie  time  of  the  disruption,  may  account 
for  some  of  the  meteoric  stones  which  at  different 
times  have  fallen  from  the  higher  regions  upon 
our  globe. 

Whether  we  consider  the  present  peculiarities, 
positions  and  motions  of  these  planets,  as  accor- 
dant with  the  state  in  which  they  were  originally 
created,  or  whether  we  view  them  as  the  effects 
of  some  tremendous  shock  or  disruption,  there  ap- 
pears to  be  something  sublimely  mysterious  and 
worthy  of  attention  in  the  physical — not  to  say 
moral — arrangements  of  the  Almighty,  in  the  state 
in  which  these  bodies  are  now  found.  If  they 
were  originally  arranged  in  the  position  and  order 
in  which  they  now  appear,  they  present  an  anoma- 
ly, a  want  of  proportion  and  harmony,  to  whatever 
appears  elsewhere  throughout  the  whole  range  of 
the  system.  And,  if  their  present  phenomena  be 
tlie  effects  of  some  dreadful  concussion,  the  fate 
of  tlie  beings  that  inhabited  the  original  planet 
must  have  been  involved  in  the  awful  catastrophe' 
VVe  need  not  be  much  surprised,  although  such  an 
event  should  have  taken  place,  nor  should  we  con 
sider  it  as  inconsistent  w'th  what  we  know  of  the 
physical  and  moral  government  of  the  Almighty. 
For  an  event  somewhat  analogous  liappened  to 
our  own  globe,  at  that  period  when  "the  cataracts 
of  heaven  were  opened,  and  the  fountains  of  the 
great  deep  were  broken  up,"  when  a  flood  of  wa- 
ters ensued  which  covered  the  tops  of  the  loftiest 
mountains,  transformed  the  earth  into  a  boundless 
ocean,  and  buried  the  myriads  of  its  population 
in  a  watery  grave.  And  we  profess  to  believe 
that  a  period  is  approaching  when  the  great  globe 
we  inhabit  shall  undergo  a  tremendous  change, 
and  its  elementary  parts  be  dissolved,  when  th« 
aerial  "  heavens  shall  pass  away  with  a  great  noise, 
and  the  elements  shall  melt  with  fervent  heat,  the 
earth  also,  and  the  works  that  are  therein  shall  ba 
burned  uj)." 

All  the  parts  of  the  material  system  ai-e  liable 
to  change;  and  we  have  no  reason  to  conclude, 
that,  throughout  the  future  periods  of  duration 
the  earth  is  the  only  globe  in  the  universe  whose 
present  constitution  and  aspect  shall  undergo  au 
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Important  change.  As  it  is  probable  that  the  work  of 
creation  is  incessantly  going  forward  throughout 
dfFerent  regions  of  immensity,  so  it  is  highly  proba- 
ble that  numerous  changes  and  renovations  are  tak- 
ing place  in  those  departments  of  creation  which 
have  long  existod,  in  order  to  present  new  scenes 
and  new  manifestations  of  tlie  perfections  of  the 
Creator  to  the  view  of  the  intelligent  universe.  For 
the  whole  system  of  creation  appears  to  be  in  in- 
cessant motion;  there  is  not  an  orb  in  the  firma- 
ment, among  all  the  millions  it  contains — whether 
great  or  small — but  is  in  rapid  and  perpetual  mo- 
lion  through  the  vast  spaces  of  infinitude,  and,  in 
tlie  course  of  ages,  these  movements,  conducted  by 
certain  laws,  under  the  direction  and  superinten- 
dency  of  the  Supreme,  ma}^  produce  changes  and 
I'evolutions  which  will  add  to  the  grandeur  of  the 
material  universe,  and  excite  the  admiration  of  the 
intelligent  system.  He  only  is  immutable  who  ex- 
isted from  eternity  past,  who  gave  birth  to  all 
created  beings,  whose  presence  fills  the  immensity 
of  space,  and  of  whose  j'ears  there  shall  be  no 
end.  And  throughout  all  the  regions  of  space,  so 
far  as  tlie  material  creation  extends,  his  moral  go- 
vernment is  exercised,  in  a  thousand  different 
modes,  corresponding  to  the  rectitude,  the  wisdom 
and  the  benevolence  of  his  character,  and  the  con- 
dition of  the  intellectual  beings  he  has  formed. 
For  wherever  power,  wisdom,  and  intelligence  are 
displayed,  there  also  must  all  the  other  perfections 
of  the  Almighty  be  in  incessant  operation;  and 
hence  we  are  informed,  that  "  he  doth  according  to 
his  will  in  the  army  of  heaven"  as  well  as  among 
'  the  inhabitants  of  the  earth." 


SECTION    IV. 

Ox\     THE     PLANET    JUPITER. 

This  planet  is  the  largest  body  connected  with 
(tit)  planetary  system,  the  sun  only  excepted.  It 
is  situate  about  232  millions  of  miles  beyond  the 
orbit  of  Pallas,  350  millions  beyond  the  orbit  of 
Mars,  and  495  millions  from  the  sun.  When 
nearest  the  earth,  it  is  400  millions  of  miles  distant 
from  us,  and  when  in  the  remotest  part  of  its  or- 
bit from  the  earth,  it  is  590  millions  of  miles  dis- 
tant. Notwithstanding  this  immense  distance, 
owing  to  its  great  magnitude,  it  appears  the  most 
brilliant  star  in  the  heavens  next  to  the  planet 
Venus.  Its  revolution  round  the  sun  is  accom- 
plished in  four  thousand  three  hundred  and  thirty- 
two  days  and  a  half,  or  about  11  years,  10  months, 
and  17  days, daring  which  it  performs  a  circuit 
of  more  than  three  thousand  millions  of  miles,  at 
the  rate  of  more  than  twenty-nine  thousand  miles 
an  hour.  Its  diameter  is  no  less  than  eighty-nine 
thousand  miles;  its  circumference  two  hundred 
and  seventy-nine  thousand  miles,  and  its  surface 
twenty-four  thousand  eight  hundred  and  eighty 
millions  of  square  miles,  which  is  more  than  one 
hundred  and  twenty-six  times  the  area  of  our 
globe.  But  as  globes  are  to  each  other  as  the 
cubes  of  their  diameters,  and  the  cube  of  Jupiter's 
diameter  is  704,969,000,000,000  miles,  and  the 
cube  of  the  earth's  diameter  is  498,677,257,000; 
divide  tlie  cube  of  Jupiter's  diameter  by  that  of 
the  earth,  and  the  quotient  will  be  1413;  showing 
that  Jupiter,  as  a  solid  globe,  is  one  thousand  four 
hundred  and  thirteen  times  larger  than  the  earth. 
This  huge  planet  moves  round  its  axis  in  the  space 
of  nine  hours  and  nearly  fifty-six  minutes;  which 
5s  a  more  rapid  rotation  than  that  of  any  of  the 
other  planets.     Its  equatorial  carts  will  move  with 


a  velocity  of  twenty-eight  thousand  miles  an  hour, 
vi'hich  is  twenty-seven  limes  more  rapid  than  the 
earth's  rotation,  by  which  the  inhabitants  at  the 
equator  are  carried  along  at  the  rate  of  1037  miles 
an  hour.  The  rotation  of  this  planet  was  first  de- 
termined about  the  year  1605,  by  Cassini,  by  ob- 
serving the  gradual  motion  and  revolution  of  a 
spot  which  appeared  to  move  from  one  side  to  an- 
other of  its  disc,  and  returned  again  to  the  same 
point  in  nine  hours  and  fifty-six  minutes,  and  :is 
the  spot  was  evidently  connected  with  the  body 
of  the  planet,  the  conclusion  was  evident,  that  the 
planet  itself  turned  round  its  axis.  Hence  we 
leurn,  that  tliere  is  an  alternate  succession  of  day 
and  night  on  Jupiter,  analogous  to  that  which  we 
experience  on  the  earth;  but  the  days  and  nights 
are  much  shorter  than  ours,  and  the  sun  and  the 
moons  which  belong  to  this  planet,  together  witli 
the  whole  frame  of  the  heavens,  will  appear  to 
move  around  it  with  a  much  greater  rapidity  than 
what  appears  from  our  terrestrial  habitation. 

The  axis  of  this  planet  being  nearly  perpendi- 
cular to  the  plane  of  its  orbit,  it  cannot  have  the 
same  variety  of  seasons  as  the  earth  and  Mars- 
Its  inclination,  however,  is  three  degrees,  five  mi- 
nutes, which  will  produce  a  slight  change  of  sea- 
sons both  in  the  polar  and  equatorial  regions. 
Had  the  axis  been  as  much  inclined  to  the  orbit  as 
in  the  case  of  the  earth,  the  polar  regions  would 
have  beezi  deprived  of  the  light  of  the  sun  for 
nearly  six  years  without  interruption.  And  al- 
though the  light  and  heat  of  these  regions  cannot 
be  so  great  as  in  other  parts  of  the  planet,  yet 
there  are  many  ways  unknown  to  us,  by  which 
the  All-wise  and  Beneficent  Creator  may  render 
every  region  of  this  globe  a  comfortable  habita- 
tion for  both  sensitive  and  intelligent  beings. 

The  apparent  motion  of  this  planet,  like  that 
of  Mars,  formerly  explained,  is  sometimes  direct, 
sometimes  retrograde,  and  sometimes  stationary. 
Its  retrograde  motion  commences  or  finishes  when 
it  is  at  a  distance  from  the  sun,  which  varies  from 
II3I0  to  116}2  degrees.  The  arc  which  it  de- 
scribes in  this  case  varies  from  9  degrees,  59  mi- 
nutes, to  9  degrees,  51  minutes,  and  its  period  of 
duration  from  116  days,  18  hours,  to  122  days,  12 
hours.  Its  apparent  motion  through  the  signs  of 
the  zodiac  is,  at  an  average,  at  the  rate  of  a  little 
more  than  thirty  degrees  in  a  year.  It  is  at  pre- 
sent (April,  1846),  near  the  beginning  of  the  sign 
Gemini,  and  will  he  in  opposition  to  the  sun  on 
the  3d  of  December,  about  which  period  it  rises 
near  the  time  of  sunset,  in  a  direction  nearly 
north-east,  and  will  be  seen  sh.ining  in  all  its  splen- 
dor, in  a  clear  evening,  until  five  or  six  o'clock 
the  next  morning.  During  the  following  years, 
it  will  be  somewhat  more  than  a  month  later, 
every  year,  before  it  arrive  at  its  opposition:  but 
it  will  be  a  conspicuous  object  in  the  heavens,  du- 
ring the  winter  evenings,  for  several  successive 
years;  and  as  it  is  the  most  brilliant  planet  in  the 
heavens — with  the  exception  of  Venus — it  is  easily 
distinguishable  from  all  the  surrounding  stars  by 
its  superior  luster. 

This  planet,  when  viewed  through  a  good  tele- 
scope, presents  a  very  splendid  and  interesting  ap- 
pearance, especially  when  its  moons  are  arranged, 
two  on  each  side,  at  nearly  equal  distances  from 
the  planet  and  from  each  other.  When  a  magni- 
fying power  of  above  a  hundred  times  is  used,  its 
surface  appears  much  larger  than  the  full  moon 
does  to  the  naked  eye.*  The  most  striking  ap- 
pearance on  the  surface  of  this  planet  is  a  series 

*  Those  who  are  not  accustomed  to  view  the  heavenly 
bodies  through  telescopes,  are  apt  to  imagine  that  they  ara 
not  nearly  so  much  magiiilied  by  the  instrument  as  they  real- 
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of  darkish  stripes,  which  run  across  its  disc  paral- 
lel to  its  equator,  whicli  are  generally  deiiomiiiated 
its  belts.  They  were  first  discovered  by  Fontana, 
and  two  other  Neapolitans,  about  twenty-iive 
years  after  the  invention  of  the  telescope.  I'lu^y 
were  afterward  more  particularly  described  by 
Cassini,  who  was  enabled  to  view  them  wiUi 
more  powerful  telescopes.  Their  number  is  va- 
riable— sometimes  eight  have  been  seen  at  one 
time,  and  sometimes  only  one  or  two  have  been 
distinctly  visible.  Their  general  appearance  for 
several  years  past,  as  viewed  with  telescopes  mag- 
nifying from  one  hundred  to  one  hundred  and 
eighty  times,  is  as  follows: — two  dark  belts,  one 
on  each  side  of  the  planet's  equator,  and  two  fainter 
ones,  one  at  each  pole,  somewhat  broader  than  the 
equatorial  belts.  Sir  James  South  states,  tluit  when 
he  was  making  observations  with  bis  twenty-feet 
achromatic  telescopes,  with  powers  of  252  and  -iAH, 
he  perceived  Jupiter  "  literally  covered  with  belts." 
These  belts,though  generally  parallel  to  each  other, 
are  not  always  so — for  a  portion  of  a  belt  has 
been  seen  in  an  oblique  position  to  the  rest.  At 
certain  times  the  belts  have  continued  without 
sensible  variation  for  six  or  tight  months,  and,  ac- 
cording to  some  observers  a  new  belt  has  been 
formed  in  the  course  of  a  few  hours. 

It  has  been  a  subject  of  much  speculation  and 
conjecture  among  astronomers,  as  to  the  views 
we  should  entertain  respecting  the  nature  of  these 
belts,  and  the  causes  which  operate  in  producing 
the  changes  which  occasionally  take  place  among 
them.  Whatever  opinion  we  may  form  on  this 
point,  it  is  pretty  evident  that  the  dark  stripes  or 
belts  are  the  real  body  of  the  planet,  and  the 
bright  spaces  between  them  are  either  clouds  in 
its  atmosphere,  or  circular  zones,  liable  to  varia- 
tions, which  surround  tlie  planet  at  a  certain  dis- 
tance from  its  body.  Some  have  insinuated  that 
the  changes  among  these  belts  are  owing  to  great 
physical  convulsions  occasionally  taking  place  on 
the  surface  of  Jupiter — an  opinion  altogether  im- 
probable. Others  suppose  that  the  bright  streaks 
nre  the  external  surface  of  masses  of  clouds  dis- 
posed in  rows,  and  that  such  a  disposition  of 
clouds  might  be  produced  by  prevailing  winds 
blowing  in  a  direction  parallel  to  the  equator  of 
the  planet.  They  have  been  compared  to  our 
trade-winds,  which  are  considered  as  the  necessary 
effect  of  the  earth's  diurnal  rotation,  combined 
with  the  influences  of  the  solar  heat  upon  the 
tropical  belt  of  the  earth;  and  that  the  rapid  diur- 
nal motion  of  Jupiter  will  cause  the  trade-winds 
in  that  planet  to  have  a  permanence,  force  and 
range,  which  would  produce  a  distribution  and  ar- 

ly  are.  With  a  power  of  one  liundred  times,  most  persons 
would  imagine  that  Jupiter  appeared  much  less  than  the 
moon  to  tlie  naked  eye;  and  yet  it  may  be  proved  that  sucli 
a  power  presents  this  planet  lo  the  eye  with  a  diameter  of 
about  twice  that  of  the  apparent  size  of  the  moon.  The 
mean  apparent  diameter  of  Jupiter  is  thirty-eight  seconds, 
which,  being  multiplied  by  one  hundred,  the  magnifying 
power,  produces  three  thousand  eight  hundred  seconds, uhicli 
is  equal  to  sixty-three  and  one-third  minutes.  Now,  the 
mean  apparent  diameter  of  the  moon  is  thirty-one  minutes, 
twenty -six  seconds,  the  double  of  which  is  sixty-two  minutes, 
fifty-two  seconds,  which  is  less  than  the  apparent  size  of  Ju- 
piter when  magnified  one  hundred  times.  But,  when  in  op- 
position, Jupiter's  apparent  diameter  is  forty-seven  and  a 
naif  seconds,  and  consecpiently,  at  such  a  period,  this  planet 
will  appear  still  larirer.  In  order  to  produce  full  conviction 
of  the  accuracy  of  the  above  sjafements,  an  observer  should 
view  Jupiter,  when  in  the  immediate  vicinity  of  the  moon, 
and,  looking  with  one  eye  through  the  telescope,  and  with 
the  other  at  tlie  moon,  endeavor  to  make  the  image  of  Jnpiter 
in  the  telescope  to  coincide  with  the  moon,  and  he  will  then 
clearly  perceive  the  proportion  of  their  apparent  magnitudes. 
From  what  has  been  now  stated,  it  appears  that  a  magnify- 
ing power  of  fifty  times  will  make  the  disc  of  Jupiter  appear 
as  large  as  the  niooa  to  the  naked  eye. 


rangement  of  the  clouds  floating  in  its  atmosphere, 
sucb  as  we  observe  in  the  appearance  of  its  belts. 

This  is  an  opinion  whicii  very  generally  pre- 
vails among  astronomers;  but  we  do  not  think 
that  it  will  fully  account  for  the  phenomena  of 
tbe  belts,  or  that  it  is  consistent  with  the  idea  of 
a  habitable  world.  For  if  the  trade-winds  in  Ju- 
piter were  increased,  in  velocity  and  force,  twenty- 
seven  limes  greater  than  our  trade-winds — which 
is  admitted  by  those  who  hold  this  opinion — then 
tlieir  violence  would  bo  such  as  to  drive  everything 
before  them  along  the  surface  of  the  planet,  and 
there  would  be  no  possibility  of  living  beings 
moving  in  opposition  to  such  rapid  currents.  It 
is  reckoned  lliat,  in  a  high  gale,  the  wind  moves 
at  the  rate  of  about  thirty-eight  miles  an  hour — 
multiply  this  number  by  twenty-seven,  and  the 
product,  1026,  will  give  the  velocity  of  a  gale  in 
Jupiter,  in  the  sairie  time.  Now,  it  has  been 
found,  that  a  West  India  hurricane,  blowing  at 
the  rate  of  a  hundred  miles  an  hour,  has  blown 
heavy  cannon  out  of  a  battery,  torn  up  trees  by 
the  roots,  and  carried  huts,  sheds,  and  human 
beings  to  a  considerable  distance  through  tbe  air. 
What,  then,  would  be  the  force  of  a  gale  moving 
at  the  rate  of  a  thousand  miles  an  hour?  And, 
much  more,  what  would  be  the  force  of  a  hurri- 
cane in  Jupiter,movingat  the  rate  of  two  thousand 
seven  hundred  miles  an  hour?  On  such  a  glob© 
as  ours,  it  would  overturn  and  demolish  every- 
thing upon  its  surface,  so  that  our  strongest  and 
most  stately  buildings  could  not  possibly  resist  ita 
force.  Such  a  state  of  things  appears  altogether 
inconsistent  with  the  idea  of  a  comfortable  habit- 
ation either  for  sensitive  or  intellectual  beings.  It 
is  much  more  consistent  with  the  imperfection  of 
our  knowledge,  at  once  to  acknowledge  our  igno- 
rance, and  to  wait  for  future  discoveries  on  this 
subject,  than  to  broach  opinions  which  lead  to 
such  consequences. 

The  following  figures  represent  different  views 
of  the  belts  of  Jupiter.  Fig.  45  represents  one  of 
the  views  taken  by  Cassini,  in  which  about  eight 
or  nine  belts  appear,  some  of  them  somewhat 
broken  and  irregular.  Fig.  46  represents  another 
view,  in  which  there  appears  an  oblique  belt  form- 
ing a  connection  with  two  adjacent  belts,  as  if  it 
were  a  fluid  running  from  the  one  into  the  other. 
Some  have  attempted  to  trace  a  resemblance  in 
the  changes  of  the  belts  and  spots  to  what  would 
appear  upon  the  disc  of  the  earth,  viewed  at 
such  a  distance  as  would  bring  it  to  the  size  of 
Jupiter.  It  is  supposed  that  the  great  ocean, 
which  environs  our  globe,  would  resemble  the 
principal  belt  of  Jupiter;  the  Mediterranean,  one 
of  the  broken  belts;  the  Caspian  Sea,  a  large  spot; 
some  of  our  largest  islands,  the  bright  spots  seen 
in  the  belts,  as  in  fig.  45;  and  the  clouds  stretched 
round  the  equator  of  the  earth,  the  changeable 
belts.  But  such  views  are  more  fanciful  than 
accordant  with  the  observed  phenomena  of  this 
planet,  and  we  must  wait  for  further  discoveries 
before  we  come  to  any  decisive  conclusions  on  this 
subject.  Perhaps  the  Earl  of  Rosse's  great  tele- 
scope, which  is  now  in  use  for  celestial  observa- 
tions, may  be  the  means  of  throwing  some  further 
light  on  this  subject,  and  enable  us  to  form  more 
correct  views  of  the  belts,  spots,  and  other  pheno- 
mena of  this  planet.  It  has  already  resolved  cer- 
tain nebulae  into  stars,  which  were  formerly  sup- 
posed to  be  unresolviible.  Fig.  47  represents  a 
telescopic  view  of  Jupiter  and  his  four  satellites, 
when  two  of  them  happen  to  be  on  each  side  of 
his  disc.  The  belts,  as  represented  in  this  figure, 
are  nearly  similar  to  what  they  have  appeared  for 
several  years  past. 
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We  may  just  mention  the  following  additional 
particulars  respecting  this  planet: — Notwithstand- 
ug  the  brilliancy  witli  which  it  appears  in  our 
nocturnal  sky,  its  liglit,  derived  from  the  sun,  is 
27  times  less  than  what  falls  upon  the  earth;  and 
the  diameter  of  the  sun,  as  seen  from  Jupiter,  is 
only  6  minutes,  9  seconds,  or  about  one-fifth  of 
the  diameter  the  sun  appears  to  us.  The  figure 
of  this  planet  is  that  of  an  oblate  spheroid — 
the  equatorial  being  .more  than  six  thousand 
miles  larger  than  the  polar  diameter.  Its  density, 
compared  with  that  of  water,  is  as  1  -^^  to  1 — in 
other  words,  it  is  somewhat  denser  than  water. 
Although  it  is  one  thousand  four  hundred  times 
larger  than  the  earth  in  bulk,  yet  it  would  weigh 
only  three  hundred  and  twelve  globes  of  the  same 
size  and  density  as  our  globe.  Its  mass,  as  com- 
pared with  thai  of  the  sun,  is  as  1  to  169,709.  A 
body  weigfaiug  oue  pound  at  the  equatorial  sur- 
faftfc  of  the  earth,  would,  if  removed  to  the  surface 


of  Jupiter,  weigh  2  pounds,  4  ounces,  8  drams. 
The  eccentricity  of  its  orbit,  in  miles,  is  23,810,- 
000,  and  the  inclination  of  its  orbit  to  the  ecliptic 
is  1  degree  19  minutes.  In  the  firmameftt  of  Ju- 
piter, no  planets  will  be  visible  to  such  eyes  as 
ours,  excepting  Saturn  and  Uranus.  An  observer, 
placed  on  this  planet,  would  have  no  sus{)icion 
that  such  a  globe  as  our  earth  had  an  existence  in 
the  universe — all  its  fancied  splendors  and  its 
proud  inhabitants  are  as  much  unnoticed  and  un- 
known as  the  smallest  animalculai  in  a  drop  of 
water  to  the  unassisted  eye.  To  his  satellites, 
Jupiter  will  appear  as  a  large  and  resplendent 
moon  in  their  firmament,  filling  a  considerable 
portion  of  the  sky;  from  the  surface  of  the  first 
satellite  it  will  appear  above  a  thousand  times 
larger  than  the  moon  does  to  us,  and  will,  in  suc- 
cession, present  to  it  all  the  diversified  phases  of 
the  moon — a  crescent,  a  gibbous  phase,  a  half- 
moon,  and  a  full  enlightened  hemisphere. 


Figs.  45,  46,  47. 


SECTION   V. 

On  the  satellites  of  jupiter. 

Tmt  planet  is  accompanied  by  four  satellites, 
or  moct.],  which  revolve  around  it  in  different 
periods  vf  time.  The  discovery  of  these  revolv- 
ing bodfcs  was  among  the  first  enterprises  accom- 
plished ftfter  the  invention  of  the  telescope;  they 
were  first  discovered  by  Galileo,  an  Italian  as- 
tronomer, in  the  beginning  of  the  year  1610.  In 
his  book,  entitled  "  Sidereus  Nuncius,"  he  gives 
us  a  particular  account  of  their  discovery,  and 
the  numerous  observations  he  made  on  their 
motions  and  relative  positions,  accompanied  with 
sixty-four  figures  of  their  various  aspects  at  dif- 
ferent times.  On  the  7th  of  January,  1610,  in 
the  evening,  while  observing  the  stars  with  his 
nevvly-iuveated   telescope,  he   perceived  Jupiter 


making  his  appearance,  and,  applying  his  instru- 
ment to  that  planet,  he  perceived  three  small 
bright  stars  very  near  it,  two  on  the  east  side  and 
one  on  the  west.  These  he  took  to  be  fixed  stars 
at  that  time;  but,  happening  the  next  night  to 
view  them  again,  he  saw  them  all  three  on  the 
west  side  of  Jupiter;  which  made  him  greatly 
wonder  how  this  could  be,  for  it  was  an  event 
quite  inconsistent  with  the  theory  of  the  planets^ 
and  fixed  stars.  On  the  tenth  night  he  saw  but 
two,  and  both  on  the  east  of  Jupiter;  on  the 
eleventh  also  he  saw  but  two,  and  both  on  the 
same  side;  but  one  of  these  was  twice  as  large  as 
the  other — and,  hence,  he  was  sure  they  were  not 
the  same  he  saw  the  night  before.  On  the  thir- 
teenth night,  viewing  them  again,  he  s;\w  four  of 
these  small  stars,  three  on  the  west  side  of  Jupi- 
ter, and  one  on  the  east  side,  all  nearly  in  a  straight 


66 


THE  SOLAR  SYSTEM. 


line.  On  the  fifteenth,  he  beheld  all  the  four  on 
the  west  side  of  the  planet,  nearly  in  a  striiigiit 
line,  and  at  equal  intervals  from  Jupiter  and  from 
each  other.  These  were  all  he  could  ever  dis- 
cover; and,  by  constantly  observing  their  situa- 
tion and  changes,  found  that  they  were  not  fixed 
stars,  but  moons,  or  secondary  planets,  revolving 
about  Jupiter  in  the  same  manner  as  the  primary 
planets  revolve  about  the  sun.  The  telescope 
with  which  these  observations  were  made  magni- 
fied about  thirty-three  times. 

These  satellites  form  a  system  of  revolving 
bodies,  oomewhat  similar  to  the  great  system  of 
the  sun  and  primary  planets.  As  the  sun  is  the 
center  of  the  primary  planets,  so  Jupiter  is  the 
immediate  central  body  around  which  the  satel- 
lites revolve  ;  hut  while  these  revolutions  are 
going  forward,  the  satellites  are  at  the  same  time 
carried  along  with  Jupiter  in  his  course  round  the 
sun.  The  satellites  are  governed  by  the  same 
laws  as  the  primary  planets;  they  describe  equal 
areas  in  equal  times;  and  have  the  squares  of  their 
periodical  times  proportioned  to  the  cubes  of  their 
mean  distances  from  the  planet.  They  revolve 
from  west  to  east,  in  the  same  direction  as  the 
moon  and  the  primary  planets — and  in  planes 
very  nearly,  though  not  exactly,  coincident  with 
the  equator  of  the  planet,  or  parallel  to  its  belts. 
Accordingly,  we  see  their  orbits  projected  very 
nearly  into  straight  lines,  in  which  they  appear  to 
oscillate  to  and  fro,  sometimes  passing  before  Ju- 
piter, and  casting  shadows  on  his  disc,  and  some- 
times disappearing  behind  his  body,  or  being 
eclipsed  by  his  shadow  at  a  distance  from  it.  It 
has  been  established,  from  observation,  that  247 
revolutions  of  the  first  satellite,  123  revolutions 
of  the  second  satellite,  and  61  of  the  third  satel- 
lite, are  performed  exactly  in  the  same  number  of 
days.  It  has  been  found,  by  La  Place,  that  "  the 
epoch  (or  mean  longitude)  of  the  first  satellite, 
minus  tliree  timfs  that  of  the  second,  plus  two 
times  that  of  the  third,  is  exactly  equal  to  a  semi- 
circle, or  1l*0  degrees."  From  this  it  follows, 
that  the  first  three  satellites  of  Jupiter  can  never 
be  eclipsed  at  the  same  time;  for,  if  this  were  pos- 
sible, the  longitude  of  three  satellites  would  be 
equal  at  the  time  of  their  eclipse,  which  is  impos- 
sible. 

These  satellites  suffer  numerous  eclipses  in 
their  revolutions  round  Jupiter.  The  first  three 
suffer  an  eclipse  every  time  they  are  in  opposition 
to  the  sun.  The  first  is  in  opposition  every  forty- 
two  and  a  half  hours,  and  consequently  suffers 
about  eighteen  eclipses  every  month.  The  second 
and  third  likewise  suffer  a  variety  of  eclipses 
every  month;  but  the  fourth  satellite  frequently 
passes  its  opposition  without  being  involved  in 
the  shadow  of  Jupiter,  as  its  orbit  has  a  greater 
degree  of  inclination  to  the  orbit  of  Jupiter,  than 
those  of  the  other  satellites.  During  the  year 
1845,  there  happened  174  visible  eclipses  of  the 
first  satellite,  88  of  the  second,  and  45  of  the 
third — beside  those  which  are  invisible  on  ac- 
count of  Jupiter's  nearness  to  the  sun.  Whereas 
the  fourth  satellite  did  not  suffer  a  single  eclipse 
during  the  year  1846.  These  satellites  may  be 
seen  with  a  telescope  magnifying  about  twenty- 
five  or  thirty  times;  but,  in  order  to  see  their 
eclipses  to  advantage,  tlie  telescope  should  be  fur- 
nished with  powers  of  100  or  200  times.  The 
circumstances  to  be  chii'fly  observed,  in  reference 
to  the  satellites,  are,  their  eclipses — that  is,  their 
entering  into  the  shadow  of  Jupiter,  when  they 
suddenly  disappear,  or  their  emersion  from  it; 
their  occultations  or  disappearance  behind  the 
body  of  the  planet;  their  transits  or  passage  across 


its  disc;  and  the  transits  of  their  shadows  across 
the  face  of  Juj)iter,  which  appear  like  dark  spots 
on  a  briglit  ground — all  whieli  phenomena  may 
be  perceived  by  means  of  jjowerful  telescopes. 
When  they  pass  across  the  disc  of  Jupiter,  and 
project  a  shadow  on  its  surface,  this  produces  a 
solar  eclipse  to  all  those  places  over  which  the 
shadow  passes. 

It  has  been  concluded,  from  observations  made 
by  Sir  W.  Ilerschel  and  others,  that  the  satellites 
of  Jupiter  always  turn  the  same  face  to  the  planet, 
and  make  one  rotation  on  their  axis  during  one 
revolution  round  the  planet — which  corresponds 
with  what  vi'e  find  in  the  case  of  our  moon, 
which,  as  formerly  notice^!,  always  turns  the  same 
hemisphere  to  the  earth.  The  following  table 
shows  the  magnitudes  of  these  bodies,  their  times 
of  revolution,  their  distances  from  Jupiter  in 
miles,  and  the  duration  of  their  eclipses  : — 

Dist.  from       Times  of    Duration 
Jupiter.      Revolution.  ofEclipse. 
2(50,1100     Id.  18h.  ZSm.    2  hours. 
4'.;0,000     3     13     14  >^    3 
670,000    7      3     43        3)4 

l,le0,000    IC     16     32        5 

The  fourth  satellite  is  about  three  times  the  bulk 
of  our  moon,  and  all  the  satellites  taken  together 
are  equal  to  nearly  thirteen  of  our  moons.  The 
number  of  square  miles  on  th.e  surfaces  of  all  the 
satellites  is  above  ninety-five  millions.  Fig.  48 
shows  the  orbits  of  the  four  satellites,  though  not 
in  the  exact  proportion  of  their  distances  from  Ju- 
piter— the  fourth  satellite  being  nearly  double  the 


Diameter 
in  Miles. 
Ist  satellite,     2,r,08 
2d  2,068 

3d  3,377 

4th  2,890 


distance  of  the  third.  When  a  satellite  moves 
through  the  part  of  its  orbit  a  b  c,  which  is  far- 
thest distant  from  the  earth — which  is  supposed 
to  be  placed  in  the  direction  e — it  appears  to  move 
from  west  to  east;  but  when  it  moves  through 
the  other  portion  of  its  orbit,  c  d  a,  it  appears  to 
move  from  east  to  west.  But,  as  our  eve  is  nearly 
on  a  level  with  the  plane  of  the  orbits  of  these 
satellites,  their  motions  appear  to  be  performed 
nearly  in  straight  lines.  Though  their  enlighten- 
ed sides  are  almost  constantly  turned  toward  the 
earth,  yet  they  present  all  the  vai'ied  phases  of 
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tiie  moon  to  Jupiter  himself — sometimes  appear- 
ing as  crescents,  sometimes  as  half  moons,  and 
sometimes  sliining  with  full  enlightened  hemi- 
spheres. 

The  eclipses  of  these  satellites  have  been  found 
of  great  utility  in  determining  the  longitude  of 
places  on  the  surface  of  our  globe,  in  a  mannex- 
much  more  accurate  and  easy  than  was  known 
prior  to  their  discovery.  They  also  led  to  the  dis- 
covery of  a  sublime  and  unexpected  fact,  namely, 
the  motion  of  light,  and  the  rate  at  which  it  is 
propagated  through  the  regions  of  space.  It  was 
found  that  a  difference  of  sixteen  and  a  half  min- 
utes existed  between  tlie  times  wlien  the  eclij)ses 
were  seen  when  Jupiter  was  nearest  the  earth, 
and  when  he  was  farthest  distant,  and  it  was  con- 
cluded that  light  requires  this  space  of  time  to 
fly  across  the  earth's  orbit,  which  is  one  hundred 
and  ninety  millions  of  miles  in  diameter,  and, 
consequently,  that  light  moves  with  a  velocity  of 
about  one  hundred  and  ninety-two  thousand  miles 
every  second.  This  conclusion  has  been  fully 
confirmed  by  Dr.  Bradley's  discovery  of  the  aber- 
ration of  the  light  of  the  fixed  stars. 

The  four  moons,  which  accompany  this  planet, 
must  exhibit  many  curious  and  sublime  phenome- 
na to  its  inhabitants,  as  they  perform  their  noctur- 
nal courses  through  their  firmament.  Sometimes 
they  will  be  seen  eclipsing  the  sun,  and,  at  other 
times,  the  stars,  and  sometimes  eclipsing  each 
other.  Sometimes  two,  three,  and  even  all  the 
four  will  be  seen  shining  in  the  heavens  in  one 
bright  assemblage — one,  ])erljaps,  in  the  form  of 
a  crescent;  one  with  a  gibbous  phase;  one  like  a 
half  moon;  and  the  other  with  a  full  enlightened 
hemisphere;  one  mo\nng  comparatively  slow,  and 
another  rushing  rapidly  through  the  sky,  and 
leaving  all  tlie  others  behind  it;  one  under  a  total 
eclipse,  another  entering  into  it,  and  a  third  emerg- 
ing from  it.  These,  and  many  other  celestial  phe- 
nomena, must  be  highly  interesting  and  gratify- 
ing to  the  astronomers  and  all  others  in  that  far 
distant  world.  The  celestial  scenes  exhibited  from 
the  satellites  themselves  will  be  no  less  interesting 
and  sublime.  From  the  surface  of  the  first  satel- 
lite, the  globe  of  Jupiter  will  appear  like  an  im- 
mense body  in  the  firmament,  above  a  thousand 
times  the  size  that  the  moon  appears  to  us,  and 
filling  a  large  portion  of  the  sky;  and  it  will  ex- 
hibit, in  the  course  of  twenty-one  hours,  a  cres- 
cent, a  half  moon,  a  gibbous  phase,  and  a  full  en- 
lightened hemisphere,  with  all  the  variations  of 
the  belts  which  diversify  its  surface.  Beside,  the 
appearances  of  the  other  three  moons  in  its  firma- 
ment will  be  highly  interesting.  At  certain  times, 
one  of  these  moons  will  come  so  near  the  first 
satellite  as  to  appear  three  times  larger  than  the 
moon  does  to  us,  and,  at  other  times,  it  will  ap- 
pear sixteen  times  smaller  than  in  its  former  posi- 
tion; and  a  variety  of  other  phenomena  will  be 
presented,  which  it  would  be  too  tedious  to  de- 
scribe— all  which  will  present  to  view  objects  of 
overpovi'ering  grandeur,  far  superior  to  what  we 
behold  in  our  nocturnal  sky. 

On  tlie  whole,  the  planet  Jupiter,  as  accom- 
panied with  his  satellites,  presents  to  our  view  an 
object  of  surpassing  grandeur  and  sublimity,  when 
tve  contemplate  the  vast  magnitude  of  this  mag- 
nificent globe,  and  the  velocity  with  which  it 
flies  through  the  regions  of  space.  Let  us  con- 
ceive, if  we  are  able,  a  globe,  fourteen  hundred 
times  the  size  of  our  world,  with  a  surface  capa- 
ble of  containing  a  number  of  inhabitants,  eight 
thousand  times  greater  than  the  present  popula- 


dred  and  sixty  miles  in  a  minute,  and  flying 
through  the  regions  of  the  heavens  at  the  rate  of 
nearly  thirty  tiionsand  miles  every  hour,  carrying 
along  with  it  four  revolving  worlds  in  its  swift 
career,  and  continuing  this  rapid  course,  without 
intermission  ;  from  one  century  to  another,  for 
thousands  of  years — and  we  behold  a  scene,  cal- 
culated to  fill  every  reflecting  mind  with  admira- 
tion and  astonishment.  While  contemplating 
such  a  scene,  can  we  forbear  raising  our  thoughts 
to  that  Almighty  Being,  who  at  first  formed  this 
mighty  globe,  and  launched  it  from  his  power- 
ful arm,  and  whose  incessant  energy  sustains 
it  in  its  swift  career  from  age  to  age?  Here 
we  behold  a  demonstrative  proof  that  "power 
belongeth  unto  God  ;"  that  "his  greatness  is  un- 
searchable;" that  "  all  nations  before  him  are  as 
nothing;"  that  there  is  none  like  unto  Jehovah, 
nor  any  works  like  unto  his  works ;  that  He 
"  doth  great  things,  and  unsearchable,"  and  "  mar- 
velous things  without  number."  And  here  we 
have  palpable  evidence  to  confirm  our  belief  that 
there  can  be  nothing  beyond  the  power  of  Jeho- 
vah to  accomplish,  and  that  we  may  rest  secure 
that  all  the  promises  and  predictions  of  his  word 
shall,  in  due  time,  be  fully  accomplished,  to  the 
eternal  hapj)iiiess  of  all  those  who  put  their  trust 
in  Him:  "  For  the  Lord  God  omnipotent  reigneth, 
his  kingdom  ruleth  over  all;"  and  his  faithfulness 
is  established  "  in  the  very  heavens." 


SECTION    VI. 
On  the  planet    saturn. 

This  planet  is  situate  at  nearly  double  the  dis- 
tance from  the  sun  as  the  [ilanet  Jupiter — an  im- 
mense interval  of  410  millions  of  miles  interven- 
ing between  the  orbits  of  these  planets,  although 
next  to  each  other  in  the  order  of  the  system.  Its 
distance  from  the  sun  has  been  estimated  at  906 
millions  of  miles;  when  nearest  to  the  earth,  it  is 
bll  millions  of  miles  distant  from  us;  and,  when 
most  remote,  it  is  distant  above  a  thousand  mil- 
lions of  miles.  It  tfkes  nearly  thirty  years  to 
perform  its  revolution  round  the  sun — during 
which  period  it  moves  round  a  circumference  of 
nearly  five  thousand  seven  hundred  millions  of 
miles,  at  the  rate  of  twenty  two  thousand  miles 
every  hour.  Its  period  of  rotation  was  for  a  long 
time,  unknown;  but  Sir  W.  Herschel,  from  ob- 
serving the  motion  of  some  spots  on  its  surface, 
at  length  ascertained  that  it  turned  round  its  axis 
in  the  space  of  ten  hours,  sixteen  minutes,  and 
nineteen  seconds. 

When  viewed  by  the  naked  eye,  this  planet 
presents  the  appearance  of  a  nebulous  star,  of  a 
dull  leaden  color,  which  would  lead  one,  at  first 
sight,  to  imagine  that  it  could  present  no  very 
interesting  appearance,  even  through  a  telescope; 
and,  as  its  motion  is  slow,  it  is  haraly  distinguish 
able  from  a  fixed  star.  Its  motion  being  slow 
compared  with  that  of  most  of  the  other  planets 
— if  it  be  once  recognized  in  the  heavens,  by  any 
observer,  near  any  large  stai,  it  will  be  found, 
from  year  to  year,  making  only  a  slow  progress 
to  the  eastward  from  that  point.  Its  apparent 
motion  in  that  direction,  in  the  course  of  a  year, 
is  little  more  tiian  twelve  degrees,  or  less  than  the 


moon  moves  in   twenty-four  hours.     Hence,  if 

we  perceive  this  planet  in  any  particular  point  of 

the  heavens  this  year,  about  the  same  time  next 

tion   of  our  globe;  let  us  conceive  such  a  globe  I  year   it  will    appear   only   about  twelve   degrees 


revolving  round  its  axis  at  the  rate  of  four  liuu- 1  farther  to  the  east.     In  the  year  1846,  Saturu 
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might  be  seen  rising  on  the  5th  of  July,  aboul  10 
o'clock  in  the  evening,  in  north  latitude  52  de- 
grees, near  the  south-eastern  part  of  the  sky;  and 
in  liS47,  about  twelve  days  later,  or  about  the  17th 
of  July,  he  might  be  seen  rising  at  the  same 
hour,  nearly  in  the  same  point  of  the  horizon: 
thus  the  time  of  his  appearance  in  the  evening, 
from  year  to  year,  may  be  readily  traced  by  any 
common  observer. 

Notwithstanding  the  dull  appearance  of  this 
planet  to  the  naked  eye,  when  viewed  through  a 
powerful  telescope,  it  presents  a  more  singular 
and  magnificent  appearance  than  any  other  body 
connected  with  the  solar  system;  and  were  it  as 
near  us  as  Alurs,  or  even  as  Jupiter,  it  would  pre- 
sent a  splendid  aspect  even  to  the  naked  eye.  The 
ancients,  who  first  traced  the  motion  of  this 
planet,  could  form  no  idea  of  the  grandeur  of 
Saturn,  and  of  the  system  with  which  it  is  con- 
nected; and  their  astrologers,  on  account  of  his 
pale,  leaden  hue,  accounted  him  as  a  nheerless, 
unfortunate  planet,  and  as  shedding  a  malign  in- 
fluence upon  the  inhabitants  of  the  earth.  But 
after  ages  of  darkness  and  superstition  had  rolled 
away,  the  telescope,  which  has  unfolded  to  us  the 
wonders  of  the  heavens,  was  invented,  and,  by 
the  help  of  tiiis  noble  instrument,  a  system  of 
revolving  bodies  was  discovered  around  this  planet, 
and  a  piece  of  celestial  mechanism  disclosed  to 
view,  more  wonderful  and  magnificent  than  any 
other  object  within  the  limits  of  our  system — the 
existence  of  whicli  we  could  never  previously 
have  anticipated. 

In  magnitude,  this  planet  nearly  approximates 
to  the  size  of  Jupiter.  Its  diameter  is  estimated 
at  seventy-nine  thousand  miles  ;  its  surface  con- 
tains nineteen  thousand  six  hundred  millions  of 
square  miles;  and  its  solid  contents  amount  to 
two  hundred  and  sixty-one  billions,  three  hundred 
thousand  millions  of  cubical  miles.  It  is,  conse- 
quently, nearly  a  thousand  times  larger  than  our 
globe.  With  powerful  telescopes,  four  or  five 
belts  have  been  discovered  on  its  surface,  which 
are  broader  and  less  strongly  marked  than  those  of 
Jupiter,  and  are  not  subject  to  the  variations 
whicli  appear  in  Jupiter's  belts — and  therefore  it 
is  probable  that  they  form  permanent  portions  of 
the  globe  of  Saturn,  indicating  that  there  is  a 
diversity  of  surface  on  this  planet;  but  whether 
land  and  water,  or  any  other  substance,  is  to  us 
unknown.  Its  figure,  like  that  of  Jupiter,  is  a 
spheroid — the  proportion  of  the  polar  and  equa- 
torial diameters  being  nearly  as  eleven  to  twelve; 
consequently  the  equatorial  diameter  is  6700 
miles  longer  than  tne  polar.  The  quantily  of 
light  it  receives  from  the  sun  is  only  the  one- 
ninetieth  [jart  of  what  we  receive;  but  this  por- 
tion of  light  is  equal  in  effect  to  the  light  which 
Would  be  reflected  from  a  thousand  full  moons  | 
of  the  size  of  that  which  is  connected  with  our  ' 
world.  The  density  of  tliis  planet  is  less  than 
that  of  any  other  planet  in  the  system.  It  has  | 
been  calculated,  on  physical  principles,  that  a  ball 
of  cork  e(!ual  in  size  to  Saturn  would  nearly 
counterpoise  it,  that  is,  would  be  nearly  of  the 
same  weight;  so  that  its  specific  gravity  is  less 
than  half  the  weig'it  of  water.  Notwithstanding, 
It  is  possible  that  the  density  of  the  materials 
on  its  surface  may  be  as  great  as  those  sub- 
stances which  form  the  upper  crust  of  our  globe; 
and  its  density,  instead  of  increasing  toward  the 
center,  as  is  the  case  with  the  earth,  may  gradu- 
ally decrease  from  its  surface  to  its  central  parts, 
so  that  the  materials  near  the  center  may  be  as 
light  as  air. 

The  satcUiics  of  Saturn. — This  planet  is  accom- 


panied with  a  more  numerous  train  of  attendants 
than  any  of  the  other  planets.  No  fewer  than 
seven  large  moons  have  been  discovered  moving 
around  this  mighty  orb  to  diffuse  light  over  its 
surface  in  the  absence  of  the  sun,  and  to  diversify 
the  scenery  of  its  firmament.  It  was  nearly  half 
a  century  after  the  invention  of  the  telescope, 
before  any  of  these  satellites  were  discovered. 
The  first  of  these  bodies  which  was  discovered 
was  that  which  is  the  sixth  in  tlie  order  of  dis- 
tances from  Saturn.  It  was  discovered  on  the 
25th  of  March,  1655,  by  Huygens,  a  celebrated 
Dutch  astronomer.  In  his  work,  entitled  "Sys- 
tema  Saturnium,"  publislied  in  1659,  he  gives  ua 
an  account  of  sixty  observations — each  accom- 
panied with  a  figure — which  he  made  on  the 
various  positions  of  this  satellite  in  respect  to 
Saturn;  in  order  to  determine  that  it  was  a  revolv- 
ing body  which  performed  a  circuit  around  Sat- 
urn as  a  center.  These  observations  were  made 
with  a  common  refracting  telescope,  twelve  feet 
long,  which  magnified  about  sixty-eight  times, 
but  had  not  power  nor  light  sufiicient  to  show 
the  rest  of  the  satellites.  It  was  not  until  the 
year  1671,  that  any  other  satellite  was  discovered: 
in  that  year  Cassini,  a  French  astronomer,  disco- 
vered the  seventh  satellite,  or  the  most  distant 
from  Saturn,  which  is  next  in  brightness  to  the 
sixth;  and  in  1672,  the  same  observer  discovered 
the  fifth  satellite.  Fourteen  years  afterward, 
namely  in  1686,  he  discovered  the  third  and 
fourth;  and  in  making  these  observations  he  used 
telescopes  of  more  than  a  hundred  feet  in  length: 
though  he  tells  us  that  afterward  he  could  see  all 
the  five  satellites  with  a  telescope  only  thirty- 
four  feet  long,  which  could  bear  a  magnifying 
power  of  only  about  one  hundred  and  twenty 
times.*  No  other  satellites  were  discovered  until 
more  than  a  century  afterward;  when  Sir  W. 
Herschel  erected  at  Slough,  near  Windsor,  his 
large  forty  feet  reflecting  telescope.  On  the  first 
day  this  telescope  was  fit  for  observation,  namely 
on  the  28th  of  August,  1789,  the  second  satellite 
was  discovered;  and  soon  after,  the  same  unwear- 
ied observer  discovered  the  first,  by  means  of  the 
same  instrument.  These  satellites  cannot  all  be 
seen  but  by  means  of  powerful  instruments.  The 
sixth  and  seventh,  or  the  two  outermost,  may  be 
perceived  by  telescopes  magnifying  from  eighty 
to  one  hundred  times;  but  the  two  innermost, 
discovered  by  Herschel,  are  the  most  difficult  ob- 
jects to  be  perceived  throughout  the  whole  range 
of  the  solar  system,  and  have  seldom  or  never 
been  seen  with  a  less  instrument  than  a  twenty 
feet  reflector,  and  eighteen  inches  aperture.  It 
has  been  remarked,  that  the  seventh  satellite,  or 
the  most  distant  from  Saturn,  is  sometimes  not 
visible  in  the  eastern  part  of  its  orbit,  and  that  it 
appears  to  grow  dimmer  and  dimmer  as  it  recedes 
from  its  primary.  This  has  been  accounted  for 
by  supposing  that  it  is  sometimes  covered  with 
spots,  and  at  other  times  free  of  them,  or,  if  the 
spots  be  permanent,  that  it  has  a  rotation  round 
its  own  axis.  The  following  are  the  periods  of 
the  sidereal  revolutions  of  th<'se  satellites,  and 
their  distance  from  Saturn  in  miles.  The  first 
satellite,  or  that  nearest  to  Saturn,  performs  ita 
revolution  in  twenty-two  hours  and  a  half,  at  the 
distance  of  120,000  miles  from  the  center  of  the 


*  The  long  telescopes  here  alluded  to — which  were  very 
difficult  to  manage,  and  required  great  dexterity  and  ad 
dress  in  using  them — are  now  entirely  superseded  by  the 
invention  of  achromatic  and  reflecting  telescopes,  which 
will  hear  a  high  power,  with  a  comparative-ly  short  length 
of  tube;  an  achromatic  telescope,  5  feet  long,  may  carry  a 
magnifying  power  superior  to  that  of  a  coir>.Joa  reftaotiaf 
telescope  a  hundred  feet  in  length. 
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planet,  and  only  18,000  miles  from  the  edge  of 
the  ring.  Of  course,  this  satellite  will  move 
round  the  visible  hemisphere  of  Saturn's  firma- 
ment in  little  more  than  eleven  hours.  The 
second  satellite  revolves  round  the  planet  in  one 
day  and  about  nine  hours,  at  the  distance  of  150,- 
000  miles.  The  third  satellite  performs  its  revo- 
lution in  one  day  twenty-one  hours  and  a  quarter, 
at  the  distance  of  190,000  miles.  These  three 
Batellites  are  all  much  nearer  to  Saturn  than  our 
moon  is  to  the  earth;  and  as  they  are  undoubtedly 
larger  than  our  moon,  they  must  present  a  large 
and  splendid  appearance  to  the  inhabitants  of 
Saturn.  The  fourth  satellite  completes  its  ciicuit 
in  two  days,  seventeen  hours  and  three  quarters,  at 
the  distance  of  243,000  miles, or  a  little  more  than 
the  distance  between  the  earth  and  moon.  The 
fifth  satellite  finishes  its  periodical  revolution  in 
four  days,  twelve  hours,  fifty-five  minutes,  at  the 
distance  of  .340,000  miles.  The  sixth  requires  a 
period  of  fifteen  days,  and  twenty-two  hours  and 
tliree  quarters,  and  revolves  at  the  distance  of 
788,000  miles.  The  seventh,  or  outermost  sat- 
ellite, requires  seventy-nine  days  and  about  eight 
hours  to  coTnplete  its  revolution,  and  its  orbit  is 
2,297,000  miles  from  the  center  of  Saturn,  or 
more  than  nine  times  the  distance  between  the 
earth  and  the  moon.  The  orbits  of  the  six  inte- 
rior satellites  are  nearly  circular,  and  very  nearly 
in  the  plane  of  the  ring.  The  orbit  of  the 
seventh  approaches  nearer  in  coincidence  with 
the  ecliptic. 

These  satellites,  like  tliose  of  Jupiter,  undergo 
frequent  eclipses;  but  on  account  of  their  great 
distance  from  the  earth,  these  eclipses  are  not 
frequently  observed.  It  is  evident  that  such  a 
numerous  assemlilage  of  moons  revolving  around 
this  planet  at  different  distances  and  in  different 
periods  of  time,  will  present  a  most  beautiful, 
variegated,  and  sublime  appearance  in  the  heavens 
of  Saturn;  especially  when  all  the  seven  satellites 
happen  to  appear  at  the  same  time  above  the 
horizon.  Then  one  will  appear  as  a  full  moon, 
another  as  a  crescent,  and  another  with  a  half 
moon,  or  a  gibbous  phase — one  entering  into  an 
eclipse,  and  another  emerging  from  it — the  two 
inner  satellites,  on  account  of  their  nearness  to 
the  planet,  presenting  the  largest  discs,  and  the 
most  splendid  appearance,  and  moving  with  great 
velocity  in  their  orbits,  rapidly  passing  tlie  other 
satellites,  at  different  rates  of  motion,  and  leaving 
them  behind  in  their  courses.  On  the  surface  of 
Saturn  itself,  a  curious  effect  will  be  produced, 
and  a  diversified  scene  presented.  The  shadows 
of  all  objects  will  be  projected  in  different  direc- 
tions by  the  different  satellites,  according  to  their 
relative  positions  in  the  heavens.  One  satellite 
will  project  the  shadow  of  an  elevated  object 
toward  the  east,  another  will  project  it  toward 
the  west;  a  third  will  make  it  fall  toward  the 
north;  and  in  a  variety  of  other  directions,  accord- 
ing to  the  number  of  satellites  above  the  horizon, 
and  the  positions  they  occupy  in  the  firmament; 
and  the  swift  motion  of  the  lirst  two  satellites  will 
cause  the  direction  of  thcss  shadows  rapidly  to 
change.  In  additioivto  all  this  variety  of  celestial 
scenery  there  is  the  grand  spectacle  produced 
hy  the  magnificent  rings  with  which  the  planet  is 
encircled — which  we  will  now  endeavor  to  describe. 


SECTION    VII. 

On  the  rings  of  saturn. 

These  rings  form  one  of  the  most  wonderful 
objects  connected  with  the  solar  system.     Galileo, 


soon  after  he  had  presented  his  newly  invented 
telescope  to  the  heavens,  was  the  first  of  mortals 
who  caught  a  glimpse  of  this  singular  apjjendage 
to  the  globe  of  Saturn:  but  on  account  of  the 
want  of  sufficient  power  in  his  telescope,  ho  did 
not  recognize  the  nature  of  the  object  he  was 
contemplating.  From  what  he  could* discern,  he 
imagined  that  Saturn  consisted  of  three  globes — a 
larger  globe  in  the  middle,  and  two  small  globes, 
one  on  each  side,  and  all  the  three  nearly  touch- 
ing each  other.  After  viewing  this  phenomenon 
for  the  space  of  two  years,  he  was  amazed,  at  the 
end  of  this  period,  to  find  the  middle  globe  left 
quite  alone,  and  the  two  smaller  globes  to  have 
disappeared;  but  after  a  period  of  about  a  year  he 
again  cauglit  a  glimpse  of  them,  when  they  con- 
tinued visible  for  about  fourteen  years  in  succes- 
sion. Nearly  half  a  century  elapsed  before  the 
true  nature  and  form  of  this  extraordinary  pheno- 
menon were  discovered.  During  this  period  many 
were  the  strange  conjectures  wliich  were  formed 
respecting  it.  Some  astronomers  thought  that 
the  two  small  globes  stuck  to  the  middle  globe, 
others  that  they  were  separated  from  it.  Some 
thought  that  the  phenomenon  consisted  of  one 
longish  body,  or  ellipsoid,  and  that  it  was  perfora- 
ted with  a  very  large  hole,  or  opening  on  each 
side.  Some  imagined  that  two  bodies,  each  of 
the  form  of  a  crescent,  were  connected  with  the 
body  of  Saturn,  and  one  placed  on  each  side;  and 
some  that  the  phenomenon  consisted  of  an  ellip- 
tical ring,  but  that  this  ring  was  attached  to  the 
globe  of  Saturn,  above  and  below.  Huygens,  in 
liis ''Systema  Saturnium,"  presents  us  with  four- 
teen engravings  of  the  various  forms  which  dif- 
ferent astronomers  had  conceived  respecting  this 
appendage  to  the  globe  of  Saturn,  some  of  which 
are  very  curious,  and  almost  ridiculous,  yet,  in 
some  cases,  indicating  considerable  ingenuity  of 
conception.  It  was  not  until  about  the  years 
1G53  and  16.^6 — forty-six  years  after  the  inven- 
tion of  the  telescope — that  the  real  nature  and 
figure  of  this  singular  phenomenon  were  discov- 
ered by  Huygens.  This  ingenious  mathematician 
and  astronomer,  in  order  to  settle  the  disputes  on 
this  subject,  resolved  in  the  first  place,  to  improve 
the  art  of  grinding  object-glasses,  so  as  to  increase 
the  magnifying  power  of  telescopes;  and  in  this 
he  succeeded  so  far  as  to  make  some  that  magni- 
fied two  or  thi-ee  times  more  than  those  which 
had  been  previously  in  use.  With  a  telescope 
twelve  feet  long,  and  another,  twenty-three  feet 
in  lenglli — which  would  magnify  nearly  a  hun- 
dred times — and,  after  a  long  series  of  observa- 
tions, he  demonstrated  the  true  cause  of  those 
surprising  phenomena,  which  had  puzzled  all  pre- 
ceding astronomers,  and  showed  to  a  certainty 
that  Saturn  is  surrounded  with  an  immense  ring, 
which  is  entirely  separated  from  its  body  by  an 
interval  of  many  thousand  miles,  and  (hat  the 
diameter  of  the  ring,  in  proportion  to  the  diam- 
eter of  the  planet,  was  as  9  to  4. 

Since  tlie  time  of  Huygens,  it  has  been  disco- 
vered that  this  circular  arch,  which  surrounds 
Saturn,  is  composed  of  two  concentric  rings, 
separated  by  an  interval  of  nearly  two  thousand 
miles.  The  following  are  the  dimensions  of  these 
rings,  as  calculated  by  Sir  J.  Herschel,  from  the 
measurements  of  Professor  Strilve,  made  at  Dor- 
pat — by  means  of  the  superb  micrometer  attached 
to  his  great  telescope: — Exterior  diameter  of  the 
exterior  )insr,  170,418  miles;  interior  diameter  of 
ditto,  15."j,272.  Exterior  diameter  of  the  interior 
ring,  151,t)90;  interior  diameter  of  ditto,  117, .339. 
Equatorial  diameter  of  the  body  of  Saturn,  79,- 
160.    Interval  between  the  planet  and  the  interior 
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ring,  19,090.  Interval  between  the  two  rings, 
1791.  Tliickness  of  the  rings,  100  miles.  These 
dimensions  are  considered  by  some  as  ratiier  too 
email.  Sir  W.  Herschel,  and  all  the  astronomers 
who  preceded  him,  estimated  the  exterior  diameter 
of  the  exterior  ring  as  above  two  hundred  thou- 
sand miles;  and  Sir  John  Herschel  himself  admits, 
that  "  the  interval  of  the  rings  above  stated  is 
possibly  too  small."  Still  the  dimensions  here 
stated  convey  to  us  a  most  astonishing  idea  of  the 
magnitude  and  grandeur  of  those  magnificent 
rings  which  encompass  the  globe  of  Saturn.  Sir 
W.  Herschel,  by  means  of  several  protuberant 
points  connected  with  the  ring,  discovered  that  it 
has  a  swift  rotation  around  the  globe  of  Saturn, 
which  it  accomplishes  in  about  ten  hours  and  a 
half — which,  reckoning  its  circumference,  accord- 
ing to  the  lowest  dimensions,  at  554,234  miles,  is 
a  velocity  of  about  nine  hundred  miles  every 
minute. 

This  double  ring  is  evidently  a  solid  body,  as 
appears  by  its  throwing  a  well-defined  shadow 
upon  the  body  of  the  planet,  on  the  side  nearest 
the  sun,  and  on  the  other  side  receiving  the  sha- 
dow of  the  planet  itself, — which  is  seen,  at  certain 
times,  by  means  of  powerful  telescopes.  It  is 
everywhere  at  least  twenty  thousand  miles  distant 
from  the  surface  of  the  planet,  and  yet  it  is  car- 
ried along  with  it  in  its  annual  revolution  round 
the  sun;  and,  therefore,  if  it  were  not  a  solid  body, 
it  would  either  fly  off  from  Saturn-,  or  its  centri- 
fugal force,  caused  by  its  rapid  rotation,  would 
dissipate  all  its  parts,  and  disperse  them  around 
the  body  of  the  planet.  These  rings  contain,  on 
all  their  surfaces  taken  togetlier,  an  area  of  more 
than  twenty  thousand  millions  of  square  miles, 
which  is  more  than  a  hundred  times  the  area  of 
our  globe.  They,  therefore,  contain  ample  space 
for  the. accommodation,  of  thousands  of  millions 
of  inhabitants. 

In  consequence  of  the  immense  size  of  these 
rings,  and  the  large  space  they  will  occupy  in  the 
heavens,  they  will  present  a  magnificent  spectacle 
from  those  regions  of  the  planet  which  lie  under 
their  enlightened  sides,  particularly  those  places 
which  are  situated  not  far  from  the  planet's  equa- 
tor. They  will  appear  as  vast  arches,  spanning 
the  firmament  from  one  part  of  the  horizon  to  the 
opposite,  and  holding  an  invariable  situation  among 
the  stars.  They  will  not  be  visible  at  the  poles  of 
the  planet,  on  account  of  the  convexity  of  the 
globe  of  Saturn  interposing  between  them  and  the 
observer;  but,  near  the  polar  regions,  a  segment  of 
the  rings  will  appear,  presenting  a  brilliant  ap- 
pearance in  the  horizon.  Advancing  from  these 
regions  toward  the  equator,  they  will  appear  to 
span  the  heavens,  like  brilliant  arches  of  different 
degrees  of  magnitude,  until,  approaching  near  the 
equator,  they  will  appear  in  the  form  of  complete 
semicircles.  Fig.  49  presents  a  rude  sketch  of 
the  rings,  as  they  will  appear  from  such  a  position, 
together  with  a  partial  view  of  the  nocturnal  fir- 
mament of  Saturn.  But  no  pictorial  representa- 
tion, however  ample  the  scale,  can  convey  even  an 
approximate  idea  of  the  august  and  splendid  ob- 
jects which  nmst  diversify  and  adorn  the  noctur- 
nal sky  of  Saturn.  For,  beside  the  rings,  which 
will  form  the  most  striking  and  magnificent  spec- 
tacle, there  are  seven  moons,  three  or  four  of 
which  generally  diversify  the  celestial  hemisphere, 
api)earing  in  different  positions,  and  with  different 
phases;  and,  sometimes,  the  whole  seven  satellites 
may  be  beheld  in  one  bright  assemblage,  pursuino' 
their  different  courses  among  the  stars,  and  rapidly 
ehifliiig  their  positions  and  aspects. 

The  views  of  Saturn  and  the  lings,  obtained  by 


powerful  telescopes,  are  highly  interesting  and 
beautiful;  but  the  appearance  of  the  rings  is  not 
the  same  at  all  times.  When  seen  to  the  greatest 
advantage,  they  appear  as  represented  in  fig.  50, 
where  they  assume  the  appearance  of  ellipses,  or 
ovals,  with  the  planet  in  the  center,  and  on  each 
side  of  the  planet  the  dark  space  or  interval  be 

Figs.  49,50,  51,52. 


tween  the  interior  ring  and  Saturn.  The  division 
between  the  rings  is  indicated  by  a  dark  line  which 
seems  to  go  round  the  ring,  which  is  the  empty 
space  by  which  they  are  separated.  It  is  only 
once  in  fifteen  years,  however,  that  the  rings  ap- 
pear so  open  as  here  represented;  and  sometimes 
they  are  altogether  invisible  as  seen  from  the  earth. 
This  happened  in  October,  1H32;  and  after  being 
visible  for  some  time,  from  December,  1832,  to 
April,  1833,  the  ring  again  disappeared  for  two  or 
three  nionlhs.  During  this  time  the  only  indica- 
tion which  was  given  of  its  existence  was  the  sha- 
dow of  the  ring,  which  appeared  like  a  dark  belt 
across  the  body  of  the  planet.  At  present  ("1846), 
the  rings  appear  much  narrower  than  what  is  re- 
presented in  the  figure,  though  the  dark  space  be- 
tween the  planet  and  the  ring  is  distinctly  visible. 
In  1&47,  the  ring  will  appear  still  narrower — in 
the  begfnning  of  that  year,  it  will  appear  nearly 
as  in  fig.  51,  like  a  line  of  light  on  each  side  of 
the  planet,  but  without  any  apparent  opening  of 
the  ring;  in  the  beginning  of  1848,  it  will  entirely 
disappear,  and,  in  this  case,  the  thin  edge-  of  the 
ring  is  turned  toward  the  earth,  and  the  planet  ap- 
pears as  if  it  were  entirely  divested  of  its  magni- 
ficent appendage,  and  to  move  solitary  among  tha 
stars.  About  July  oi  August,  of  the  same  year, 
the  ring  will  again  appear,  tlirough  good  telescopes, 
as  a  fine  thread,  or  line  of  light,  on  each  side  of 
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the  planet;  and,  in  1849,  the  opening  of  the  ring 
and  the  dark  space  between  it  and  the  planet,  will 
be  distinctly  visible.  During  the  years  1850  and 
1851,  the  ring  will  appear  still  more  expanded, 
until  toward  the  end  of  1854,  when  it  will  appear 
fully  expanded,  as  in  fig  50;  and,  liuring  the  other 
seven  years  and  a  half,  it  will  gradually  contract 
until  about  the  end  of  l&61,or  the  iiiiddle  of  186:2, 
when  it  will  again  become  invisible. 

The  phenomenon  of  the  disappearance  of  the 
ring  takes  place  at  intervals  of  14  years  and  9 
months,  and  liappens  when  (he  planet  is  in  170 
degrees,  and  350  degrees  of  longitude,  or  in  the 
20th  degree  of  Virgo,  and  the  20th  degree  of  Pisces. 
The  sun  shines  on  tlie  one  side  of  this  ring 
during  a  period  of  nearly  15  years,  and  the  regions 
of  the  planet,  that  lie  under  the  dark  .side,  sulfera 
solar  eclipse,  under  its  shadow,  during  the  same 
period.  But  there  is  no  doubt  that  this  apparent 
defect  is  compensated,  not  only  by  the  light  of 
the  satellites,  but  by  other  arrangements,  with 
which  we  are  unacquainted.  Tiiis  planet,  with  its 
rings,  would  exhibit  a  more  splendid  and  interest- 
ing aj)earance  through  our  telescopes,  could  we 
view  the  rings,  not  obliquely,  but  as  standing  at 
right  angles  to  our  line  of  vision,  as  represented 
in  fig.  52.  This  represents  the  real  position  of 
the  rings  in  respect  to  the  planet;  but  our  eye  is 
never  so  much  elevated  above  the  plane  of  the 
rings  as  to  view  them  in  this  manner;  it  is  never 
elevated  more  than  30  degrees  above  the  planes  of 
the  rings,  so  that  we  never  see  the  rings  more 
fully  expanded  than  what  is  represented  in  fig.  50. 

Had  our  limits  permitted,  we  might  have  in- 
quired into  the  ends  for  which   these    rjngs  were 
formed  by  the  Almighty  Architect,  and  the  designs 
they  are  intended  to  accomplish  in  the  system  of 
Saturn.     But,  in  consequence  of  the  great  distance 
lit  which  we  are  placed  from  this  planet,  and  of 
»ur  ignorance  of  many  of  the  plans  of  the  great 
Creator  in  his  arrangements  of  the   universe,  we 
»re  unable  fully  to  appreciate  all   the  designs  lie 
intended  to  accomplisli,  either  in  this,  or  in  other 
parts  of  his  operations.    There  is  one  object,  how- 
ever, that  these  rings  were  evidently  intended   to 
accomplish;    namely,  to  throw  a  light  on  the  re- 
gions of  the  planet  in  the  absence  of  the  sun — to 
serve  the  purpose  of  a  thousand  moons — to  pro- 
duce a  diversified  and  sublime  scenery  in  the  noc- 
turnal sky  of  Saturn,  and  to  display  the  glory  and 
magnificence  of  the  Creator.    They  evidently  ma- 
nifest his  power  in   the  amplitude  and  greatness 
of  their  dimensions,  in  the  vast  quantity  of  matter 
they  contain,  and   in   the    amazing    rapidity  with 
i^hich  they  revolve  around  the  planet — and  his  wis- 
dom in  nicely  balancing  and  proportionating  every 
minute    circumstance  in  their  construction    and 
arrangement,  by  certain  laws,  so  as  to  prevent  them 
either  from  flying  off  from  the  planet  in  its  swift 
career,  or  from  falling  down  u[>on  its  surface,  and 
producing  a  complete  derangemiMit   of  the  whole 
fabric  of  this  mighty  globe — and  likewise  in  pre-  1 
serving  them  in   their  exact  position,  and  proper  ' 
motions,  without  variation  from  age  to  age.  They 
may  likewise  be  intended  to  teach  us  in  what  a ! 
variety  o'   modes,  inscrutable    to    us,  the  Creator  | 
may  bring  into   existence  numerous  worlds,  en- 
compassed with  celestial  machinery  and  arrange-  | 
ments  altogether  different  from  anything  we  have  ; 
hitherto    contemplated — which    may   lead    us  to' 
conclude  that,  in  other  systems,  and  around  other  , 
suns,  worlds    may  exist  diversified  with  celestial 
scenery,  of  which  we   find  no  traces  throughout! 
the  whole  range  of  our  planetary  systein. 

But,  beside  these  general  designs,  we  conceive, ' 
tliere  is  another  important  end  these  rings  are  in- 1 


tended  to  subserve;  namely,  to  form  a  habitation  for 
numerous  orders  of  intellectual  beings.  Wherever 
matter  exists  in  our  world,  we  find  it  peopled  with 
different  orders  of  animated  existence;  and  there- 
fore  it  would  be  absurd  to  suppose  that  the  celes- 
tial bodies — formed  by  the  same  All-wise  and  Al- 
mighty Being — should  be  altogether  destitute  of 
inhabitants.  The  quantity  of  surface  on  the  rings 
is  more  than  twenty-thousand  millions  of  square 
miles,  being  more  than  a  hundred  times  the  area 
of  the  whole  terraqueous  globe,  and  consequently 
contains  ample  space  for  the  accommodation  of 
myriads  of  inhabitants;  and  it  is  highly  improba- 
ble from  what  we  know  of  the  plans  of  infinite 
wisdom,  that  such  a  space  should  remain  forever 
as  a  barren  desert,  without  contributing  either  to 
sensitive  or  intellectual  enjoyment.  The  scenery 
of  the  heavens  as  beheld  from  the  rings,  would 
even  be  more  grand  and  diversified  than  that  which 
is  beheld  from  the  surface  of  Saturn,  and  would 
afford  to  intelligent  natures  a'  striking  display  of 
the  perfections  of  their  Creator. 

We  may  just  further  state,  in  relation  to  this 
planet,  that  several  late  astronomers  are  of  opinion 
that  the  outer  ring  of  Saturn  is  divided  into  seve- 
ral smaller  rings.  Captain  Kater  states,  in  a 
paper  sent  to  the  "Astronomical  Society,"  that 
on  December  I7th,  1825,  with  a  reflecting  tele- 
scope of  six  feet  six  inches  focus,  "  he  saw  the 
outer  ring  of  Saturn,  separated  by  numerous  divi- 
sion.*, extremely  close,  one  stronger  than  the  rest, 
dividing  the  ring  about  equally.  Professor  Quete- 
let,  at  Paris,  likewise  states,  that,  with  the  achro- 
matic telescope  of  ten  inches  aperture,  "he  saw 
the  outer  ring  divided;"  and  Decuppis,  at  Rome, 
is  also  said  to  have  observed  the  same  phenome- 
non. Mr.  Lawson,  an  ingenious  astronomer,  at 
Bath,  who  has  lately  erected  a  splendid  achro- 
matic telescope,  twelve  feet  long',  states,  that  with 
some  of  its  higher  powers,  he  has  several  times 
observed  several  divisions  on  the  ring  of  Saturn 
If  this  magnificent  arch  is  not  merely  double,  but 
even  treble,  or  quadruple,  it  presents  a  still  more 
wonderful  idea  to  the  mind,  especially  if  each  of 
the  rings  have  a  distinct  and  separate  rotation 
round  the  planet.  But  as  the  divisions  alluded  to 
have  not  been  perceived  by  other  observers  in  the 
rrtost  favorable  circumstances,  we  must  suspend 
our  opinion  on  this  point,  until  more  minute  and 
extensive  observations  be  made,  either  to  disprove 
or  to  confirm  those  which  we  have  now  stated. 

In  concluding  our  reflections  on  this  planet,  it 
is  almost  needless  to  remark,  that  the  planet  itself, 
with  all  the  celestial  scenes  connected  with  it, 
presents  to  the  mind  an  object  of  surpassing 
grandeur  and  sublimity.  Let  ns  suppose  our- 
selves stationed  within  a  few  thousand  miles  of 
this  planet — a  station  which  some  superior  intel- 
ligences may  occasionally  occupy — from  such  a 
position,  the  globe  of  Saturn,  the  rings,  and  the 
satellites,  would  appear  to  fill  the  greater  portion 
of  the  visible  heavens.  Let  us  then  conceive  this 
planet — a  thousand  times  larger  than  the  earth — 
flying  before  us  at  the  rate  of  twenty-two  thou- 
sand miles  an  hour,  carrying  along  with  it  stu- 
pendous rings,  five  hundred  thousand  miles  in  cir- 
cumference, and  these  rings  revolving  round  the 
planet  with  a  velocity  of  nine  hundred  miles  every 
minute,  and  seven  other  spacious  globes,  larger 
than  our  moon,  wheeling  their  rapid  courses,  at 
different  distances  around  the  planet  and  its  rings 
— let  us  endeavor  to  stretch  our  imagination  to 
the  utmost,  to  represent  such  a  scene  as  nearly 
as  possihle  to  the  reality,  and  suppose  ourselves 
as  spectators — how  grand  and  overwhelming, 
and  almost  terrific,  would  be  the  amazing  spec- 
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taclel  Amidst  the  emotions  it  would  excite,  we 
could  only  exclaim,  "  Great  AND  MARVELOUS  are 
THY  WORKS,  Lord  God  Almighty!" — "Tli)-  rije:ht 
hand,  O  Lord,  is  become  glorious  in  power!'" — 
"  Who  can  utter  the  mighty  acts  of  the  Lord!" — 
"The  Lord  God  0mni))0tent  reigneth!"  Is  it 
possible  to  sepa  'ite  such  scenes  and  operations 
from  the  idea  of  an  eternal  and  Almighty  intelli- 
gence, wlio  formed,  and  arranged,  and  set  in  mo- 
lion, sucii  stupendous  machinery  ?  Could  chance, 
or  the  fortuitous  concourse  of  atoms,  liave  ever 
produced  such  a  portion  of  celestial  mechanism, 
and  preserved  it  unimpaired  in  all  its  relations 
and  movements,  from  age  to  age?  Such  an  idea 
is  fraught  with  the  grossest  absurdity  that  ever 
entered  the  human  imagination.  If  a  Divine  su- 
perintendent over  creation  did  not  exist,  the  whole 
frame  of  universal  nature  would  long  ere  now  have 
been  unhinged,  and  the  universe,  with  all  its  splen- 
did orbs  and  mighty  movements  have  been  trans- 
formed into  a  chaos,  and  scattered  throughout  the 
regions  of  infinitude.  And,  "since  a  God  there  is, 
that  God  how  great!"  His  power  is  irresistible,  his 
wisdom  is  unsearchable,  and  his  agency  pervades 
the  immensity  of  space.  To  refuse  to  submit  to 
his  laws  and  his  moral  government  must,  there- 
fore, expose  us  to  the  most  dismal  consequences. 
For  thousands  of  means  are  within  the  range  of 
his  wisdom  and  intelligence  by  which  the  rebels 
against  his  authority  may  be  arrested  and  pun- 
ished; and  his  power  to  execute  his  purposes  no 
created  beings  can  control.  "The  mountains 
quake  at  him,  and  the  hdls  melt,  and  the  earth  is 
burned  at  his  presence.  Who  can  stand  before 
his  indignation?"  "The  pillars  of  heaven  trem- 
ble and  are  astonished  at  his  reproof."  Happy 
they  who  have  this  Almighty  Being  as  their  father 
and  their  friend,  "who  do  his  commandments, 
hearkening  unto  the  voice  of  his  word."  For  all 
the  glories  of  creation,  and  all  the  resources  of  the 
universe  are  at  his  disposal  to  contribute  to  their 
nowledge  and  felicity,  while  ages  numerous  as 
the  drops  of  ocean  are  rolling  on. 


SECTION     VIII. 

On    the     planet     uranus. 

Until  near  the  close  of  the  last  century,  Saturn 
was  considered  as  the  remotest  planet  from  the 
sun,  and  his  orbit  as  forming  the  outermost  boun- 
dary of  the  planetary  system.  But,  since  the  dis- 
covery of  Uranus,  the  diameter  of  the  system  is 
doubled,  and  the  area  of  tlie  space  it  comprehends 
is  four  times  the  dimensions  formerly  supposed. 
Instead  of  an  area  of  twenty-five  thousand  millions 
of  square  iDiles — its  former  supposed  dimensions' — 
it  now  comprehends  at  least  one  hundred  thou- 
Band  millions  of  square  miles;  throughout  every 
portion  of  which  the  influence  of  the  great  central 
luminary  extends,  and  likewise  as  far  beyond  as 
the  erratic  comet  jiursues  its  distant  course.  It 
is  somewhat  strange  that,  from  the  time  of  Huy- 
gena  and  Cassini,  when  telescopes  Were  brought 
to  a  certain  degree  of  perfection,  until  near  the 
cioso  of  the  eighteenth  century  (a  period  of  more 
than  a  hundred  years),  no  new  discoveries  were 
made  in  the  heavens,  when  the  number  of  those 
who  cultivated  the  science  of  astronomy  was  in- 
creased, and  the  science  itself  had  received  many 
improvements.  But  the  mind  of  man  has  a  pro- 
pensity to  indolpnce  when  not  stimulated  by 
worldly  gain,  and  certain  difncultics  to  be  en- 
countered tend  to  discourage  and  impede  its  pro- 
gress.     The  long  and  unwieldy  telescopes  used 


by  the  astronomers  of  the  seventeenth  century 
were  very  difficult  to«*nanage,  and  required  long 
exposure  to  the  cold  air  of  the  evening,  and  their 
attention  was  chiefly  directed  to  observations  on 
the  planetary  bodies  which  were  then  known. 
Few  observations,  comparatively,  were  made  on 
the  fixed  staiis,  so  as  to  ascertain  the  varieties 
which  exist  among  them,  the  clianges  to  which 
they  are  subject,  or  the  moving  bodies  that  may 
be  found  in  the  stellar  regions;  and  hence,  in 
part,  the  reason  that  so  few  discoveries  were  made 
during  that  period. 

The  appearance  of  the  late  Sir  William  Her- 
schel,  as  an  observer  of  the  heavens,  formed  a  new 
era  in  the  history  of  astronomy.  This  illustrioua 
astronomer  having  viewed  the  heavens  with  a 
two-feet  Gregorian  telescope,  which  he  had  bor- 
rowed, was  so  much  interested  with  the  instru- 
ment, that  he  commissioned  a  friend  in  London 
to  purchase  for  him  one  of  a  larger  size.  The 
price,  however,  being  more  than  he  anlicipaled, 
and  more  than  he  could  afford,  he  resolved  to  at- 
tempt the  construction  of  one  with  his  own  hands; 
and  in  this  he  succeeded.  A  five-feet  Newtonian 
reflector,  which  he  completed  in  1774,  was  tbc 
commencement  of  that  brilliant  series  of  discove- 
ries and  improvements  which  he  afterward  effect- 
ed. While  resiiling  in  Bath  he  had  been  engaged 
for  a  year  and  a  half  in  making  a  regular  survey 
of  the  heavens,  when  on  the  evening  of  the  13th 
of  March,  1781,  he  discovered,  among  other  stars 
one  of  unusually  steady  radiance;  continuing  to 
watch  it.  he  found,  after  several  observations,  a 
perceptible  change  in  its  position,  although  ita 
motion  with  relation  to  the  other  stars  was  very 
slow.  Having  sent  an  account  of  this  observa- 
tion to  Dr.  Maskelyne,  the  astronomer  royal,  it 
was  at  first  supposed  to  be  a  comet,  but  soon  after- 
ward it  was  ascertained  beyond  a  doubt  that  it 
was  a  new  planet  which  had,  in  all  former  ages, 
eluded  the  observation  of  astronomers.  For  thia 
discovery  the  Royal  Society  conferred  upon  Her- 
schel  the  honorary  recompense  of  Sir  Godfrey 
Copley's  medal;  and  he  named  the  planet  Geor- 
gium  Sidus,  in  honor  of  his  majesty  king  George 
the  Third:  but  the  continental  astronomers  dis- 
tinguished it  by  the  name  of  Herschel,  in  honor 
of  the  discoverer;  and  it  is  now  more  generally 
known  by  the  name  of  Uranus.  Soon  after  this 
discovery,  Herschel  was  taken  under  the  patron- 
age of  his  majesty,  and  rewarded  with  a  pension 
of  jB300  per  annum.  He  removed  to  Slough,  near 
Windsor,  where,  in  17i:9,  he  erected  his  large 
forty-feet  telescope,  by  which  he  was  enabled  to 
make  further  discoveries. 

The  planet  Uranus  is  not  visible  to  the  naked 
eye,  and  requires  a  certain  degree  of  magnifying 
power  to  render  it  visible  as  a  very  small  star. 
We  have  seen  it  in  this  way  with  a  power  of  twen- 
ty times,  but  it  requires  a  power  of  at  least  two 
hundred  times  to  make  it  appear  like  a  well- 
defined  visible  disc.  Its  real  magnitude,  however, 
is  considerable, — being  no  less  than  thirty-five 
thousand  miles  in  diameter,  or  more  than  eighty 
times  the  size  of  our  globe.  Its  surface  contains 
three  thousand  eight  hundred  and  forty-eight  mil- 
lions of  square  miles, — whieli  is  sevenly-eight 
times  the  area  of  all  the  habitable  portions  of  the 
earth;  so  that  this  apparently  small  body,  which 
had  remained  unnoticed  for  thousands  of  years, 
adds  considerably  to  the  quantity  of  matter  for- 
merly supposed  to  belong  to  the  soiar  system. 
For  it  contains  a  mass  of  matter,  as  to  bulk,  more 
than  twenty  limes  larger  tl)iin  wind  is  contained 
in  Mercury,  Venus,  the  Earth,  the  Moon,  Mare, 
i  Vestaj  Juno,  Ceres,  and  Pallas.     Its  distance  frorp 
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the  sun  is  about  double  that  of  Saturn, — being  no 
less  than  eighteen  iiundred  millions  of  miles.  To 
reach  the  nearest  point  of  its  orbit,  a  cannon  ball, 
flying  from  the  earth  in  that  direction,  at  the  rate 
of  five  hundred  miles  an  hour,  would  require  a 
period  of  three  hundred  and  ninety  years.  It 
moves  round  the  sun  in  the  space  of  eighty-four 
years,  in  an  orbit  eleven  thousand  millions  of 
miles  in  circumference;  at  the  rate  of  fifteen 
thousand  miles  an  hour.  The  inclination  of  its 
orbit  to  the  plane  of  the  ecliptic,  is  46  minutes, 
28  seconds. 

From  the  immense  distance  at  which  this  planet 
is  placed  from  the  sun,  we  might  be  apt  to  ima- 
gine that  there  will  be  a  great  deficiency  of  ligh.t 
and  heat  on  its  surface.  Die  quantity  of  light  it 
receives  from  the  sun  is  about  three  hundred  and 
sixty  time  less  than  what  the  earth  receives;  for 
the  quantity  of  illumination  enjoyed  in  any  planet 
is  in  an  inverse  proportion  to  the  square  of  the 
distance  of  the  luminous  body  that  enlightens  it. 
The  quantity  of  light  on  Uranus — notwithstanding 
its  great  distance  from  the  sun — will  be  equal  to 
what  we  should  have,  were  three  hundred  and  forty- 
eight  full  moons  continually  shining  on  our  globe 
at  one  time.  But  the  pupils  of  the  eyes  of  the  in- 
habitants of  this  planet  may  be  so  constructed  as  to 
take  in  ten  or  twenty  times  the  quantity  of  light 
which  our  eyes  would  receive,  were  we  placed  in 
that  distant  region.  And  as  to  sensible  heat,  it  does 
not  appear  that  this  depends  on  the  distance  of  a 
planetary  body  from  the  sun;  but  on  the  nature 
of  its  atmosphere,  and  the  substances  on  its  sur- 
face on  which  the  rays  of  light  and  heat  fall. 
Every  part  of  our  globe  may  be  considered  as  at 
an  equal  distance  from  the  sun,  and  yet  there  are 
all  the  varieties  of  temperature  experienced  from 
twenty  degrees  below  zero  in  the  frozen  regions 
of  Greenland,  to  a  hundred  degrees  above  it,  in 
the  scorching  climes  of  the  torrid  zone.  On  the 
top  of  the  Andes,  in  South  America,  there  is  the 
most  intense  cold,  and  perpetual  snows;  while  in 
the  plains  below  excessive  heat  is  felt  under  the 
rays  of  a  tropical  sun,  while  only  a  few  miles  in- 
tervene between  the  respective  localities.  At  any 
rate,  we  may  rest  assured  that,  throughout  all  the 
regions  of  the  universe,  the  Creator  has  displayed 
his  wisdom  and  goodness  in  adapting  the  struc- 
ture and  constitution  of  the  inhabitants  to  the  na- 
ture of  the  habitation  he  has  provided  for  them. 

In  consequence  of  the  great  distance  of  this 
planet,  no  discoveries  have  been  made  on  its  sur- 
face; no  spots  have  been  seen  to  indicate  a  rota- 
tion, and  therefore  the  period  of  its  revolution 
round  its  axis  is  unknown.  But  the  same  illus- 
trious astronomer  who  first  detected  it,  soon  after 
discovered  no  less  than  six  satellites  which  revolve 
around  it.  The  following  table  contains  a  list  of 
these  satellites,  with  their  distances  from  Uranus, 
and  their  periods  of  revolution. 

1st,   or  nearest  Perioit.  Distance. 

to  Uranus,  5d.  21h.  25m.  230,000  miles. 

2d,  8  17        1  298,000 

3d,  10  23       3  348,000 

4th,  13  10     56  399,000 

5th,  38       1      48  777.000 

6th,  107  16      40  1,597,708 

It  is  somewhat  remarkable,  that  these  satellites, 
nstead  of  moving  from  west  to  east,  or  in  the  di- 
rection of  all  the  other  planets  and  satellites,  luive 
tiieir  orbits  nearly  at  right  angles  to  the  ecliptic, 
and  move  in  a  direction  from  east  to  west.  These 
are  exceptions  to  the  general  laws  of  the  planetary 
system  which  it  is  difficult  to  explain.  But  they 
OOKUT  at  the  farthest  limits  of  the  solar  system. 


perhaps  to  teach  us,  that  in  other  systems  arrange- 
ments may  exist  very  different  from  those  wc  ex- 
perience in  the  system  to  which  we  belong. 


SECTION   IX. 

Generai.  remarks  on  the  solar  system. 

Such  is  a  brief  description  of  the  principal  phe- 
nomena connected  with  the  planetary  bodies  which 
compose  the  solar  system.  We  have  no  reason, 
however,  to  conclude  that  all  the  planets  belong- 
ing to  our  system  have  yet  been  discovered.  Were 
a  planet  of  double  the  magnitude  of  the  Earth  re- 
volving between  the  orbits  of  Jupiter  and  Saturn, 
it  would  be  altogether  invisible  to  the  naked  eye, 
and  might  revolve  for  thousands  of  years  without 
being  observed  by  the  inhabitants  of  our  globe, 
unless  astronomers  were  to  make  a  minute  sur- 
vey, with  powerful  telescopes,  of  the  whole  range 
of  the  zodiac,  in  which  most  of  the  planets  are 
found  to  move,  along  with  portions  of  the  celes- 
tial regions  on  either  side  of  it.  If  the  inhabit- 
ants of  Jupiter  and  Saturn  have  no  better  eyes 
than  ours,  and  no  artificial  helps  to  vision,  they 
must  be  altogether  ignorant  that  such  a  globe  as 
the  earth  exists  in  the  universe,  nor  will  they  ever 
obtain  a  glimpse  of  either  Mars,  Mercury,  or 
Venus.  Considering  the  distance  that  intervenes 
between  Jupiter  and  Saturn,  it  is  not  at  all  im- 
probable that  one  or  more  planets  may  exist  in 
the  interval;  and  since  no  less  than  900  millions 
of  miles  intervene  between  the  orbits  of  Saturn 
and  Uranus,  several  planets,  much  larger  than  the 
earth,  may  revolve  in  those  regions,  which  the 
keen  eyes  of  astronomers  have  never  yet  detected. 
Even  within  the  orbit  of  Mercury  a  planet  may 
exist,  which  we  may  never  be  able  to  discover,  on 
account  of  its  nearness  to  the  sun,  being  at  all 
times  immersed  in  the  efTnlgence  of  the  solar  rays. 
Our  views  of  the  universe  and  its  arrangements 
are  only  beginning  to  open  and  expand;  but  in 
the  ages  to  come,  if  art  and  science  still  advance, 
objects  of  which  we  have  no  conception  at  present 
may  be  disclosed  to  view,  even  within  the  bounds 
of  the  planetary  system. 

Throughout  the  whole  of  this  system  we  per- 
ceive order  and  harmonij  prevailing  without  inter- 
ruption. While  the  planets  are  prosecuting  their 
courses  with  amazing  velocity,  and  moving  on- 
ward in  their  respective  spheres  without  a  mo- 
ment's pause — while  their  attractive  forces  on  each 
other  sometimes  produce  slight  perturbations — 
while  one  sometimes  interposes  between  the  sun 
and  another,  and  casts  a  transient  shade  over  its 
surface;  yet  no  disorder  or  confusion  ever  occurs 
throughout  the  system  :  every  orb  finishes  its  re- 
spective circle  of  revolution  in  exactly  the  period 
of  time  in  which  it  has  been  performed  for  thou- 
sands of  years;  no  one  ever  interrupts  the  course 
of  another;  no  satellite  ever  forsakes  its  primary, 
in  the  course  of  its  rapid  movement;  but  the 
laws  of  motion  originally  impressed  upon  all  the 
bodies  of  the  sjstem  continue  to  operate  as  they 
have  done  from  the  beginning.  'I'hese  circum- 
stances evidently  demonstrate  the  existence  of  a 
presiding  Intelligence,  who  at  first  formed  and 
arranged  this  magnificent  system,  and  who  every 
moment  sustains  it  in  all  its  movements.  It 
would  be  easy  to  show — if  this  were  tlie  proper 
place  for  it — that  unless  an  Immaterial  Power 
continually  re-excited  motion  in  the  material 
universe,  all  motion  would  stop  in  a  very  short 
time — perliaps  in  less  than  an  hour — except  that 
the  planets  would  run  out  in  right-lined  directions; 
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and  then  nothing  would  ensue  but  confusion, 
darkness,  silence,  and  chaos.  For  matter  of  it- 
self can  pursue  no  end,  obey  no  law,  nor  change 
the  direction  of  its  motion.  If,  then,  a  presiding 
Divinity  is  continually  everting  his  attributes, 
impressing  every  part  of  tliat  universe  to  which 
he  gave  e.\istence,  we  cannot  deny  his  title  to 
supreme  dominion;  and,  if  so,  we  must  acknow- 
ledge that  all  praise,  adoration,  submission,  and 
obedience  are  due  to  Him  who  hath  created  all 
things,  and  for  whose  "pleasure  they  are  and 
were  created." 

It  may  likewise  be  remarked,  that  amidst  all 
the  varieties  which  characterize  the  planetary  sys- 
tam,  there  are  evident  marks  of  unity  and  mutual 
relationship.  The  distances  of  the  planets  from 
the  sun,  vary  from  thirty-seven  millions  to  one 
thousand  eight  hundred  millions  of  miles.  The 
quantity  of  light  that  falls  on  the  surface  of  Mer- 
cury is  two  thousand  four  hundred  times  more 
intense  than  that  which  falls  on  Uranus.  In  point 
of  magnitude  some  of  the  planets  are  several  thou- 
sand times  larger  than  others;  and  as  to  the  times 
of  their  revolutions,  their  periods  vary  from 
eighty-eight  days  to  eighty-four  years.  Some 
have  one  accompanying  moon,  some  have  four, 
some  have  seven,  and  others  are  destitute  of  such 
appendages.  Yet  a  family  likeness  pervades  the 
whole.  The  figure  of  all  the  planets  is  nearly 
the  same;  they  are  all  either  globes  or  spheroids; 
they  all  move  round  their  axes,  and  round  the 
same  central  luminary,  producing  an  alternate 
succession  of  day  and  night,  and,  in  most  in- 
si;iuces,  a  variety  of  seasons.  Most  of  them,  if 
not  the  whole,  are  environed  with  atmospheres; 
and  on  their  surfaces,  mountains  and  plains,  hills 
and  vales,  have  been  descried,  and  the  law  of  gravi- 
tation pervades  and  governs  the  whole.  One  sun 
enlightens  every  member  of  this  system,  whether 
primary  or  secondary;  and  although  this  luminary 
appears  to  one  planet  seven  times  larger  than  to 
us,  and  to  another  a  hundred  times  smaller,  yet  it 
serves  all  the  purposes  of  a  sun  to  diffuse  that  de- 
gree of  light  and  splendor  and  benign  influence 
which  is  requisite  for  the  comfort  of  each  respec- 
tive planet.  These  and  other  circumstances  plain- 
ly indicate  that  one  Supreme  Mind  contrived  this 
system  of  moving  bodies,  and  superintends,  di- 
rects, and  governs  the  whole.  For  two  or  more 
supreme  beings — whose  plans  and  purposes  might 
clash — could  never  be  the  parents  of  that  harmony 
and  unity  of  design  which  we  perceive  through- 
out the  system  of  nature.  Such  considerations, 
likewise,  lead  us  to  conclude  that  all  the  planets 
of  this  system  are  destined  to  subserve  in  their  re- 
spective spheres  the  same  grand  purposes,  namely, 
to  serve  as  comfortable  habitations  for  numerous 
orders  of  sentient  and  intellectual  beings,  capable 
of  knowing  and  adoring  the  perfections  of  their 
great  Creator.  For  the  material  world  could  never 
be  shown  to  manifest  the  wisdom  and  intelligence 
of  its  Author  and  Contriver,  if  this  position  were 
denied.  For  it  would  then  exhibit  only  a  stupen- 
dous system  of  means  without  an  end,  correspond- 
ing to  the  magnificence  of  the  operations  employed; 
and,  in  this  case,  there  would  be  no  extensive  dis- 
play of  the  riches  of  Divine  beneficence. 

Illustrations  of  the  distnnces  and  magnitudes  of 
the  Planets.-^Sir  J.  Herschel  proposes  the  follow- 
ing illustration,  to  convey  to  the  minds  of  general 
readers  an  impression  of  the  relative  distances  and 
magnitudes  of  the  parts  of  the  solar  system  : — 
"Choose  any  well-leveled  field  or  bowling-green; 
on  it  place  a  globe  two  feet  in  diameter — this  will 
represent  the  sun  ;  Mercury  will  be  represented 
by  a  grain  of  mustard  seed,  on  the  circumference 


of  a  circle  one  hundred  and  sixty-four  feet  in  dia 
meter  for  its  orbit;  Venus,  a  pea,  on  a  circle  cf 
two  hundred  and  eighty-four  feet  in  diameter; 
the  earth,  also  a  pea,  on  a  circle  of  four  hundred 
and  tliirty  feet;  Mars,  a  rather  large  pin's  head, 
on  a  circle  of  six  hundred  and  fifty-four  feet; 
Juno,  Ceres,  Vesta,  and  Pallas,  grains  of  sand,  on 
orbits  of  from  a  thousand  to  a  thousand  and  two 
hundred  feet;  Jui)iter,  a  moderate-sized  orange, 
on  a  circle  nearly  half  a  mile  across;  Saturn,  a 
small  orange,  on  a  circle  of  four-fifths  of  a  mile; 
and  Uranus,  a  full-sized  cherry  or  small  plum, 
upon  the  circumference  of  a  circle  more  than  a 
mile  and  a  half  in  diameter." 

From  this  illustration  it  appears,  that  an  orrery 
to  represent  both  the  proportional  distances  and 
the  proportional  magnitudes  of  the  sun  and  planets 
would  require  to  be  more  than  a  mile  and  a  half 
in  diameter,  and  nearly  five  miles  in  circumfer- 
ence; and,  in  this  case,  scarcely  any  of  tlie 
planets  would  be  visible  from  the  center.  Our 
common  orreries  and  planetariums  can  exhibit 
only  the  relative  motions  of  the  planets,  and  the 
order  in  which  they  are  placed  from  each  otiier 
in  the  system;  but  they  can  present  no  accurate 
or  comprehensive  idea  of  their  proportional  dis- 
tances or  magnitudes^  and  the  balls  which  repre- 
sent the  sun  and  planets  being  so  small,  and 
placed  so  near  each  other,  have  a  tendency  to 
produce  erroneous  conceptions.  The  compara- 
tive distances  and  the  comparative  magnitudes 
can  only  be  separately  exhibited  on  a  small  scale. 
The  following  is  a  simple  method  by  which  we 
have  frequently  exhibited  the  proportional  dis- 
tances of  the  planets.  Provide  a  small  square 
rod  about  eight  feet  long,  at  one  end  of  wiiich 
place  a  ball  or  other  object  to  represent  the  sun. 
At  two  inches  from  the  sun's  ball,  place  a  bull 
to  represent  Mercury;  at  three  inches  and  a  half, 
Venus;  at  five  inches,  the  earth;  at  seven  inches 
and  a  half.  Mars;  at  thirteen  inches,  Ceres,  Pallas, 
Juno,  Vesta,  almost  close  to  each  other ;  at 
twenty-five  inches,  Jupiter;  at  forty-seven  inches, 
or  about  four  feet,  Saturn;  and  at  eight  feet, 
Uranus.  These  proportions  will  convey  an  ap- 
proximate idea  of  the  relative  distances  of  the 
planets  from  each  other  and  from  the  sun;  and 
if  wax  tapers  were  placed  instead  of  the  balls,  and 
lighted,  these  comparative  distances  might  be  ex- 
hibited to  a  large  audience.  The  proportiona» 
magnitudes  might  likewise  be  exhibited  as  fol- 
lows:— Suppose  a  globe  of  eighteen  inches  diame- 
ter to  represent  the  sun,  Jupiter  will  be  repre- 
sented by  a  ball  one  inch  and  four-fifths  diame- 
ter ;  Saturn,  one  inch  and  two-thinls  ;  Uranus, 
three-quarters  of  an  inch;  the  Earth,  one-sixth 
of  an  inch;  Venus,  one-sixth  of  an  inch;  Mars, 
one-eleventh  of  an  inch;  Mercury,  one-fifteenth 
of  an  inch;  Moon,  one-twenty-fourth  of  an  inch; 
Ceres,  Pallas,  Juno,  Vesta,  by  small  pin  heads 
The  following  numbers  may  assist  the  memory 
in  recollecting  the  proportional  mean  distances  on 
the  planets.  Suppose  the  distance  of  the  Earth 
from  the  Sun  to  be  divided  into  10  parts — Mercu- 
ry may  then  be  estimated  at  4  of  such  parts  from 
the  Sun;  Venus  at  7;  the  earth  at  10;  Mars  at 
15;  the  new  planets,  Ceres,  Vesta,  etc.  at  26; 
Jupiter  at  52;  Saturn  at  95;  and  Uranus  at  190 
such  parts. 

Method  of  acquiring  an  approximate  idea  of  a 
million  units. — In  the  preceding  description  of  the 
sul-jr  system,  the  distances  of  the  sun  and  planets, 
and  the  extent  of  the  planetary  orbits,  have  been 
expressed  by  millions  of  miles.  But  however 
accurately  such  distances  and  dimensions  may  be 
considered  as  stated,  the  mind  is  unable  to  form  a 
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rhe  fuUoidn()  Table  cxhihiis,  at  me  view,  the  dis- 
ta'nrAS,  diamettrs,  periods  of  revolution,  etc.,  of 
the  Pin  nets,  and  other  permanent  elements  of  the 
flolar  System. 
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''ii^tinct  and  comprehensive  idea  of  such  vast  dis- 
Intices  and  dimensions,  and  even  at  its  utmost 
strftch,  ;ind  with  all  its  efforts,  must  be  contented 
rt'ilh  u  very  vague  and  indefinite  conception  of 
he  iimii'^nse  spaces  of  the  heavens.  This  is 
partly  owing  to  our  want  of  a  clear  and  compre- 
hensive i.lea  of  the  number  of  units  contained 
in  a  single  million.  We  can  form  a  clear  idea  of 
a  hundred  units,  and  even  of  a  thousand;  our  ideas 
of  ten  thousand,  fifty  thousand,  and  a  hundred  thou- 
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sand  are  less  clear  and  definite;  and  it  is  but  a 
vague  idea  we  generally  have  ol'  ten  hundred  thou- 
sand, or  one  million,  wlicn  we  attempt  to  grasp  it  at 
one  conception.  We  may  assist  our  couceptiona 
a  little  by  such  illustrations  as  the  following: — A 
million  of  pounds  would  be  sufficient  for  the  for- 
mation of  5000  miles  of  road,  at  tiie  rate  of  ij200 
for  each  mile — which  would  be  sufficient  to  reach 
from  the  Land's  End  of  England  to  the  northern- 
most point  of  Scotland,  to  go  quite  round  the 
island  of  Great  Br. tain,  and  to  cross  it  in  ditFerent 
directions.  The  same  sum  would  be  sufficient 
to  rear  more  than  666  churches,  at  £1500  each.!; 
It  would  be  adequate  to  the  building  and  furnish- 
ing of  2500  schools,  at  £400  each.  Were  a  man 
to  count  a  million  sovertiigns,  one  by  one,  and 
allow  only  a  single  second  for  each  sovereign, 
and  continue,  without  intermission,  12  houra 
every  day,  it  would  require  more  than  23  days 
before  sucli  a  sum  could  be  counted;  and,  con- 
sequently, to  count  in  the  same  manner  800 
millions  of  sovereigns,  the  amount  of  our  national 
debt,  would  require  more  than  fifty  yearsi  Were 
a  million  of  men  to  be  arranged  in  a  straight 
line,  similar  to  a  line  of  soldiers  when  on  parade, 
and  three  feet  allowed  for  the  breadth  of  every 
man,  that  line  would  e.\tend  over  a  space  of  more 
than  568  miles  in  length — in  other  words,  it 
would  extend  over  the  whole  length  of  the  island 
of  Great  Biitain,  from  tlie  Straits  of  Dover  to 
the  Orkney  Isles.  Such  illustrations  may  help 
to  assist  the  mind  a  little  in  forming  its  concep- 
tions of  the  number  of  units  contained  in  a 
single  million;  to  which  we  may  add  the  follow- 
ing— that  a  Hue  a  million  miles  in  length  would 
go  forty  times  round  the  circumference  of  the 
earth;  and  that,  since  the  creation  of  the  world, 
little  more  than  two  million  of  days  have  elapsed. 
Mr.  Henry  Martin,  teacher,  Chatham,  has 
lately  contrived  a  plan  by  which  a  million  of 
units  may  be  represented  to  the  eye,  and  which 
produces  a  more  striking  effect  than  any  plan 
hitherto  adopted.  It  consists  in  the  arrangement 
of  spots  of  the  size  of  those  in  the  annexed  figure. 
They  are  arranged  in  squares,  in  the  manner  hero 
represented — every  square  containing  one  hun- 
dred spots.  There  are  a  hundred  squares  on  a 
sheet  of  foolscap,  which,  of  course,  contains  ten 
thousand  spots  or  units;  and  there  are  one  hun- 
dred of  these  sheets  pasted  on  a  piece  of  calico, 
which  doubles  up  like  a  long  map,  a  small  space 
being  left  between  each  sheet,  that  the  calico  may 
form  a  hinge  for  doubling.  The  number  of  spots 
on  these  hundred  sheets  amounts  to  10,000X100, 
or  exactly  a  million.  This  representation  of  a 
million  of  units,  were    it   to  be  exhibited  in  the 
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most  striking  manner,  should  be  stretched  aloDf 
the  side  of  a  large  room,  8  feet  high  and  14  fe«t 


THE    SOLAR  SYSTEM. 


long,  wliich  it  would  completely  fill;  or  on  any 
Burtace  about  lO^g  feet  square,  and  containing  an 
area  of  about  1U8  square  feet.  The  annexed 
figure  contains  400  spots,  which  are  onl/  the 
l-:2500th  part  of  a  million,  so  thai  it  requires  two 
tliousand  five  hundred  limes  the  space  and  the 
number  of  spots  contained  in  tliis  figuie  to  rep- 
resent the  units  in  a  million.  On  beholding  such 
a  number  of  units  or  spots,  as  close  to  each  other 
as  those  in  the  figure,  and  covering  such  a  large 
space,  the  mind  is  struck  with  wonder  at  the 
number  of  units  which  a  single  million  contains; 
and  Mr.  Martin  informs  me  that  "  all  persons, 
who  have  seen  it,  have  expressed  themselves  much 
astonished  at  the  vastness  of  it."  Were  each 
square,  containing  100  spots,  exactly  of  the  same 
size  as  in  the  figure,  placed  along  side  each  other, 
iu  a  straight  line,  ihat  line  would  extend  above  a 
tliousand  feet  in  length. 

When  beholding  such  a  number  of  units  com- 
pressed together,  and  yet  filling  so  great  a  space, 
we  might  be  apt,  at  first  view,  to  consider  it  as  a 
faint  picture,  or  emblem,  of  immensity  and  eter- 
nity. But  what  is  one  million  compared  with 
hundreds  and  thousands  of  millions?  That  sun, 
which  enlightens  our  day,  is  ninety-live  millions 
of  miles  distant  from  us.  The  planet  Uranus  is 
one  thousand  eiglit  hundred  millions  of  miles  dis- 
tant from  the  sun,  and  yet  is  within  the  reach  of 
his  illuminating  and  attractive  influence.  Such 
immense  distances  are  comprised  even  within  the 
limits  of  the  planetarj^  system.  How  overwhelm- 
ing, then,  to  consider  the  distance  of  the  nearest 
stars!  That  distance  is  not  less  than  twenty  bil- 
lions of  miles;  and  let  it  be  remembered  that  each 
billion  contains  no  less  than  ten  hundred  thousand 
millions.  And  as  to  magnitudes,  we  are  almost 
equally  overpowered  at  the  idea  of  their  immen- 
Bity.     The  sun  contains,  on  his  surface,  two  bil- 


lions, four  hundred  and  thirty  thousand  eight  hun- 
dred millions  of  square  miles;  and  his  solid  cou- 
tents  comprehend  more  than  three  hundred  and 
forty-six  tliousand  billions  of  cubical  miles.  And 
the  sun  is  only  one  out  of  a  hundred  miliions  of 
similar  globes  wliich  compose  the  visible  universe; 
and,  beyond  all  that  is  visible  to  human  eyes,  orba 
of  astonishing  grandeur  may  exist,  whose  num- 
ber may  exceed  the  number  of  the  sands  that  lie 
along  the  sea-shore.  Hence  the  necessity  of  en- 
deavoring to  form  as  large  and  extensive  an  idea 
as  possible  of  the  number  of  units  contained  in  a 
million,  if  we  wish  to  take  a  comprehensive  view 
of  the  immense  spaces  of  the  heavens,  and  the 
magnitude  of  the  celestial  orbs.  For  a  million, 
great  as  this  number  is,  forms,  as  it  were,  but  a 
unit  to  thousands,  tens  of  thousands,  and  hundreds 
of  thousands  of  millions — to  billions,  trillions,  and 
other  higher  numbers  that  sometimes  enter  into 
astronomical  calculations. 

What  a  vast  and  overpowering  assemblage  of 
human  beings  must  be  presented  to  view  at  that 
solemn  day,  when  all  the  men  and  women,  that 
have  ever  dwelt  on  the  surface  of  our  globe,  shall 
appear  iu  one  great  assembly  before  "God, the 
Judge  of  all!"  The  number  that  have  already 
dwelt  upon  the  earth,  since  the  formation  of  the 
first  man,  is  at  least,  one  hundred  and  forty-six 
tliousand  two  hundred  millions;  and,  probably, 
more  than  double  that  number  may  appear  be- 
fore that  decisive  day  draws  nigh.  The  idea  of 
such  an  assemblage  of  beings  is  absolutely  over- 
whelmingtoour  limited  powers  of  conception.  It 
may  be  proper,  however,  occasionally  to  ruminate 
on  such  subjects,  as  it  is  one  of  the  principal 
modes  by  v/hich  we  may  acquire  comprehensive 
views  of  the  vast  extent  of  creation,  and  of 
the  ineffable  glory  and  magnificence  of  the  great 
Creator 


CHAPTER    V. 


ON    COMETS 


Beside  the  planetary  bodies  described  in  the  pre- 
ceding chapters,  there  is  a  class  of  celestial  bodies, 
considered  as  connected  with  the  solar  system, 
which  have  obtained  the  name  of  comets.  The 
word  comet  is  derived  from  the  Greek  kojuii,  and 
the  Latin  coma,  both  of  which  signify  the  hair, 
and  a  comet  was  so  denominated,  because  the  lu- 
cid liaze  with  which  the  body  of  a  comet  is  attend- 
ed sometimes  resembles  flowing  hair.  As  com- 
paratively little  is  known  of  the  nature  and  desti- 
nation of  these  erratic  bodies,  we  shall  just  ofTer  a 
very  few  remarks  on  what  has  been  ascertained  re- 
specting their  phenomena  and  motions. 

Comets  are  distinguished  from  the  planets  and 
fixed  stars  by  being  usually  attended  with  a  long 
train  of  light,  tending  always  opposite  to  the  sun, 
which  is  called  the  tail,  and  which  is  of  a  fainter 
luster  the  farther  it  is  from  the  body  of  the  comet. 
The  luminous  point  near  the  center  or  head  of 

e  comet,  whence  the  tail  seems  to  proceed,  is 
called  the  nucleus,  which  appears  to  be  the  densest 
part  of  the  comet.  The  tail  of  a  comet  at  its 
first  appearance  is  very  short,  and  increases  as  ii 
approaches  toward  the  sun.  Immediately  after 
its  perihelion,  or  nearest  approach  to  the  sun,  the 
tail  is  longest  and  most  luminous,  and  is  then  ge- 
nerally observed  to  be  somewhat  bent,  and  to  be 
conve.x  tov/ard  those  parts  to  which  the  comet  ia 


moving;  the  convex  side  being  rather  brighter  and 
better  defined  than  the  concave  side.  When  the 
tail  has  attained  its  greatest  length,  it  quickly  de- 
creases, and  vanishes  entirely  from  the  sight  about 
the  same  time  that  the  comet  itself  ceases  to  be 
visible.  Of  what  kind  of  matter  the  tail  consists 
has  been  matter  of  conjecture,  and  various  opinions 
have  been  broached  on  this  subject  but  noiinng  is 
certainly  known  respecting  it.  It  is  evident,  how- 
ever, whatever  may  be  the  matter  of  this  substance, 
that  it  is  exceedingly  rare,  and  so  very  pellucid 
that  the  light  of  the  smallest  stars  suiTers  no  sen- 
sible diminution  in  passing  through  it.  Sir  J. 
Herschel  says, that  he  "could  distinguish  stars  of 
the  sixteenth  magnitude,  through  the  tliickestpart 
of  a  comet,  as  it  passed  over  them,  covering  them 
with  perhaps  50,000  miles  of  comelic  matter." 

The  tails  of  cornels  are  found  sometimes  to  oc- 
cupy an  immense  space  in  the  heavens.  The 
comet  of  1680  stretched  its  tail  across  an  arch  of 
104  degrees,  and  the  tail  of  the  comet  of  1769, 
subtended  an  angle  of  70  degrees.  The  real  length 
of  the  tail  of  the  cornet  of  l6>-'0,  was  estimat- 
ed at  112  millions  of  miles;  that  of  1769,  at  44 
millions,  and,  that  of  1744,  at  eight  millions  of 
miles.  Sir  W.  Herschel  estimated  the  length  of 
the  tail  of  the  great  comet  which  appeared  mi  1811, 
at  one  hundred  millions  of  miles,  i  space  largei 


COMETS. 


67 


than  the  whole  distance  between  the  earth  and  the 
eun;  and  its  breadth  was  calcuialed  at  about  fif- 
teen millions  of  miles.  We  may  just  sim[^)ly  men- 
tion the  opinions  of  different  philosophers,  res- 
pecting those  long  tiains  of  light.  Tycho  Brahe 
supposed  tliem  to  be  the  light  of  the  sun  trans- 
mitted through  the  nucleus  of  the  comet,  which 
he  believed  to  be  transparent  like  a  lens.  Kepler 
thought  that  the  impulsion  of  the  solar  rays  drove 
away  the  denser  parts  of  the  comet's  atmosphere, 
and  thus  formed  the  tail.  Sir  I.  Newton  supposed 
that  it  is  a  thin  vapor,  raised  by  the  heat  of  the 
Bun  from  the  comet.  Euler  maintained  that  the 
tail  is  occasioned  by  the  impulsion  of  the  solar 
rays  driving  ofF  the  atmosphere  of  the  comet,  and 
that  the  curvature  observed  in  the  tail  is  the  joint 
effect  of  this  impulsive  force,  and  the  gravitation 
of  the  atmospherical  particles  to  the  solid  nucleus. 
Mairin  imagined  that  comets'  tails  are  portions  of 
the  sun's  atmosphere.  Dr.  Hamilton  supposed 
them  to  be  streams  of  electric  matter.  Biot,  the 
French  philosopher,  supposes  that  the  tails  are  va- 
pors produced  by  the  excessive  heat  of  the  sun, 
and  also  that  the  comets  are  solid  bodies  before 
they  reach  their  perihelion,  but  that  they  are  af- 
terward either  partly  or  totally  converted  into  va- 
por by  the  intensity  of  the  solar  heat.  Notwith- 
standing these  opinions  of  eminent  philosophers, 
we  mnst  still  admit  that  the  true  cause  of  the  ex- 
traordinary phenomenon  of  the  tails  of  comets  re- 
mains yet  unknown.  When  we  consider  that 
tiiese  vast  streams  of  light  extend,  in  some  in- 
stances, to  eighty  and  a  hundred  millions  of  miles 
in  length,  we  cannot  conceive  that  any  of  the 
causes  assigned  above  will  account  for  such  a  won- 
derful phenomenon.  If  they  consist  of  vapor 
raised  from  the  comet,  why  should  this  vapor  ex- 
tend to  such  a  prodigious  length  througli  space, 
and  why  should  it  be  illuminated  throughout  its 
whole  extent?  for  if  it  were  opaque,  or  unillumi- 
nated  vapor,  it  would  be  invisible. 

.  In  ancient  times,  comets  were  generally  sup- 
posed to  be  meteors,  or  exhalations,  generated  by 
inflammable  vapors  in  the  earth's  atmosphere. 
But  it  is  now  ascertained,  beyond  a  doubt,  that 
comets  move  in  regions  far  beyond  the  limits  of 
our  atmosphere,  and  form  a  portion  of  the  solar 
system.  But  they  differ  in  many  respects  from 
the  various  planetary  bodies,  formerly  described. 
In  regard  to  planets,  their  orbits  are  all  confined 
to  a  certain  zone,  or  region  of  the  heavens,  of  no 
great  breadth,  except  in  the  case  of  Pallas.  This 
zone,  in  the  case  of  the  old  planets,  contains  about 
eight  degrees  on  each  side  of  the  ecliptic.  But  the 
orbits  of  the  comets  cut  the  ecliptic  in  every  di- 
rection, and,  in  some  instances  their  orbits  are  di- 
rectly perpendicular  to  it.  They  likewise  differ  j 
from  the  planets  in  the  form  of  their  orbits.  The 
orbits  of  most  of  the  planets,  thougli  elliptical, 
approach  very  nearly  to  circles;  but  those  of  co-  ' 
mets  are  long  narrow  ellipses,  whose  length  is 
many  times  greater  than  their  breadth,  and,  in 
most  cases,  the  full  extent  of  their  elongation  can- 
not be  traced.  Only  one  small  portion  of  tliese 
orbits  lies  within  the  limits  of  our  observations, 
and  their  remotest  boundaries  are  far  beyond  the  • 
range  of  human  vision.  Hence  it  is,  that  we  per- 
ceive a  comet  only  for  a  very  short  time,  and  du- 
ring a  very  small  part  of  its  course,  the  remaining 
parts  of  its  course  being  performed  in  regions  be- 
yond the  reach  even  of  our  telescopic  vision,  and 
beyond  the  orbit  of  the  remotest  planet. 

The  following  are  some  of  the  more  remarkable  : 
comets  which  have  appeared  within  the  last  cen- 
tury and  a  half.     The  most  splendid  of  these  bo-  I 
dies  which  have  appeared  in  modern  times  was  tha  I 


I  comet  of  1680.  The  tail  of  this  comet  is  said  to 
have  reached  from  the  zenith  to  tlie  horizon,  an 
extent  of  ninety  degrees.  When  nearest  the  sun 
,  it  was  calculated  to  have  been  within  150,000  miles 
of  his  surfiee,  and  its  rate  of  motion  at  tliut  time 
j  was  computed  at  about  a  million  of  miles  an  hour. 
The  period  of  its  revolution  round  the  sun  was 
calculated  at  575  years;  and  if  this  comput  ition 
be  correct  it  will  not  again  visit  this  part  of  the. 
system  until  the  year  2255.  Another  comet  which 
has  excited  a  considerable  degree  of  intere.?t  and 
attention,  is  that  which  appeared  in  16^2,  and  is 
known  by  the  i:ame  of  Halley's  comet.  Dr.  Hal- 
ley  computed  the  period  of  this  comet  at  75  or  76 
j'ears,  and  predicted  that  it  would  again  appear 
about  the  end  of  1758,  or  the  beginning  of  1759. 
It  accordingly  arrived  at  its  perihelion  on  the  13tli 
March,  175y.  If  76  years  be  the  real  period  of 
this  comet,  then  it  behooved  to  re-appear  in  1835, 
which  happened  accordingly.  It  was  seen  at 
Rome  on  the  5th  of  August  of  that  year,  andarriv- 
ed  at  its  perihelion  on  the  16th  November.  The 
period  of  this  comet  then  is  determined,  and  it  is 
proved,  at  the  same  time,  that  comets  are  perma- 
nent bodies  belonging  to  the  solar  system.  At 
the  remotest  point  of  its  orbit,  this  comet  is  com- 
puted to  be  3,400,000,000  of  miles  from  the  sun, 
or  nearly  double  the  distance  of  Uranus. 

Another  brilliant  comet  appeared  in  1744,  the 
diameter  of  the  nucleus  of  which  was  nearly 
equal  to  the  apparent  disc  of  the  [danet  Jupiter; 
and  its  tail,  which  v/as  divided  into  six  streams  of 
light,  was  reckoned  to  be  23,000,000  of  miles  in 
length.  In  1807,  a  large  comet  made  its  appear- 
ance in  the  month  of  October,  and  continued  to 
be  visible  to  the  naked  eye  for  nearly  two  months. 
The  diameter  of  its  nucleus  was  calculated  by 
Schroeter  to  be  4600  miles,  and  the  diameter  of 
its  coma,  or  nebulosity  surrounding  the  nucleus, 
120,000  miles;  its  motion  was  frequently  at  the 
rate  of  55,000  miles  an  hour.  A  still  more  splen- 
did comet  made  its  appearance  in  September, 
1811,  which  was  visible  to  the  naked  eye  for  more 
than  three  months  in  succession.  Schroeter  com- 
puted the  diameter  of  this  comet  at  50,000  miles, 
and  Sir  W.  Herschel  estimated  the  length  of  its 
tail  at  100,000,000  of  miles.  When  nearest  the 
earth  it  was  distant  about  113,000,000  of  miles. 
We  shall  notice  only  two  other  comets,  remarkable 
on  account  of  the  shortness  of  their  periods.  The 
first  of  these  comets  to  which  I  allude  is  called  the 
Encke  comet,  from  Professor  Encke,  who  first 
ascertained  its  period.  It  performs  its  revolution 
in  a  period  shorter  than  that  of  any  comet  yet 
known;  namely,  in  1200  days,  or  three  years  and 
three-tenths.  Its  orbit  penetrates  within  the  orbit 
of  Mercury,  but  does  not  extend  so  far  as  the 
orbit  of  Jupiter.  It  is  a  verj'  small  body,  and  is 
scarcely  distinguishable  by  the  naked  eye.  The 
other  comet  is  that  of  Biela,  sometimes  called 
Gambart's  cornet,  which  finishes  its  revolution  ia 
a  period  of  63^  years.  It  was  seen  in  1826,  1832, 
and  1839,  and  in  February  and  March,  1846.  It 
is  likewise  a  very  small  comet,  and  cannot  be  seen 
without  a  telescope. 

The  number  of  comets  has  been  estimated  to 
be  very  great.  Seven  or  eight  luin.lred  of  these 
bodies  have  been  observed  in  different  ages;  but 
there  are  only  a  little  more  than  a  hundred  of 
tliem,  the  elements  of  whose  orbits  have  been 
accurately  calculated,  so  as  to  identify  them  should 
they  again  make  their  appearance.  By  far  tiw 
greater  number  are  invisible  to  the  naked  eye,  and 
even  beyond  the  reach  of  telescopes,  and  many 
of  them,  doubtless,  pass  along  our  hemisphere  in 
the  day-time,  when   they  cannot   be  perceived. 
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From  calculations  formed  on  probable  grounds, 
M.  Arag-o  concludes  that  tlie  number  of  comets 
which  visit  the  solar  system  within  the  orbit  of 
Uranus,  is  at  least  3,000,000.  Of  late,  within  the 
space  of  fourteen  months,  five  or  six  comets  have 
made  tiieir  appearance;  one  in  December,  lb'4.3, 
in  the  constellation  of  Orion,  another  in  August, 
1844,  nol  far  from  the  star  Arcturus,  in  the  con- 
stellation Bootes;  a  third  was  seen  in  September 
of  the  same  year,  near  the  constellation  Cetus;  a 
fourth  was  seen  in  tli3  month  of  January,  1S45,  in 
theWe'it  Indies  and  which  was  visible  to  the  naked 
eye,  but  was  not  seen  in  this  country  on  account 
of  its  great  southern  declination;  a  fifth  was  seen 
in  this  country  in  P^ebruary,  1^45,  near  the  constel- 
lation of  Ursa  Major,  and  about  the  same  time  an- 
other was  said  to  have  been  seen  in  the  East  Indies. 
We  had  an  opportunity  of  seeing  two  of  these  com- 
ets, but  they  were  both  invisible  to  the  naked  eye. 
In  former  ages,  the  appearance  of  a  comet  was 
viewed  as  the  forerunner  of  disastrous  events, 
such  as  wars,  famine,  pestilence,  the  revolutions 
of  nations  and  empires,  the  death  of  kings  and 
princes,  inundations,  earthquakes,  and  similar 
calamities.  But  we  need  scarcely  say  that  there 
is  not  the  least  foundation  for  such  apprehensions; 
for  comets  are  every  year  making  their  appearance 
to  the  astronomical  observer,  while  botli  the  phy- 
sical and  the  moral  world  is  moving  on  in  its  regu- 
lar course.  The  comets  are, doubtless,  messengers 
of  the  Deity  sent  forth  to  accomplish  the  designs 
he  intended  in  their  creation;  but  we  have  not  the 
least  reason  to  believe  that  they  were  ever  intend- 
ed to  "  shake  from  their  horrid  hair  "  wars,  famine, 
and  pestilence  upon  the  nations.  Their  destina- 
tion, whatever  it  may  be,  must  be  in  full  accord- 
ance with  the  benevolence  of  him  whose  "  tender 
mercies  are  over  all  his  works."  It  has,  indeed, 
been  apprehended  by  some  that  a  comet  in  cross- 
ing the  path  of  the  earth,  might  happen  to  come 
into  collision  with  it,  and  produce  a  shock  which 
would  sliatter  its  present  constitution,  and  prove 
destructive  to  its  inhabitants.  It  is  admitted  that 
this  is  a  possible  circumstance,  though  the  chances 
in  favor  of  it,  according  to  Arago,  are  only  as  one 
to  281,000,000.  In  France  and  other  parts  of  the 
European  continent,  in  177.3,  an  apprehension  of 
this  kind  was  excited,  which  was  attended  with 
many  serious  consequences.  People  of  weak 
minds,  it  is  said,  died  of  fright,  and  women  mis- 
carried. A  similar  alarm  was  produced  in  1832, 
when  it  was  announced  that  the  comet  of  Biela, 
on  the  2i)th  of  October,  would  cross  the  plane  of 
the  ecliptic  at  a  point  near  where  the  earth  would 
be  on  the  30th  of  November  following;  but  before 
the  earth  arrived  at  that  point,  the  comet  was  dis- 
tant from  it  50,000,000  of  miles.  All  such  fore- 
bodings and  alarms  may  be  considered  as  entirely 


without  foundation.  At  least,  the  believer  in 
Divine  revelation  has  nothing  to  fear,  for  he 
knows  that  the  pijrposes  of  the  Almighty  in  res- 
pect to  tliis  world  are  not  yet  nearly  completed, 
and  that  many  of  the  most  prominent  predictions 
of  inspired  prophets  are  not  yet  accomplished 
Wars  must  cease  to  the  ends  of  the  earth.  The 
knowledge  of  Jehovah  must  cover  the  earth 
The  Jews  must  be  converted  to  the  faith  of 
Messiah.  The  kingdoms  of  this  world  must  "be- 
come the  kingdoms  of  our  Lord,  and  of  his 
Christ,"  and  righteousness  and  praise  must  spring 
forth  before  all  nations,  before  a  comet  or  any 
other  celestial  agent  shall  be  permitted  to  impinge 
upon  our  globe,  or  to  alter  its  present  constitution; 
and  centuries  must  necessarily  elapse  before  such 
objects  are  fully  accomplished. 

As  to  the  destination  of  comets,  or  the  purposes 
they  are  intended  to  serve,  in  the  economy  of  the 
universe,  we  are  in  a  great  measure,  ignorant,  as 
we  ai'e  unacquainted  with  the  nature  and  consti- 
tution of  these  singular  and  anomalous  bodies. 
But  as  they  are  all  the  workmanship  of  Him  who 
is  "wonderful  in  counsel,  and  excellent  in  work- 
ing," they  must  be  intended  to  subserve  import- 
ant purposes  in  the  system  of  creation,  worthy 
of  the  perfections  of  Him  who  is  infinite  in  know- 
ledge, who  "established  the  world  by  his  wisdom, 
and  hath  stretched  out  the  heaven  by  his  under- 
standing." So  maay  thousands,  or  even  millions 
of  these  blazing  orbs,  as  are  continually  traversing 
the  regions  of  the  [jlanetary  system,  were  not 
created  in  vain.  The  adjustment  of  their  motions, 
and  the  arrangement  of  their  orbits,  so  as  not  to 
interfere  with  each  other,  nor  with  the  motions 
of  the  planets,  is  an  evidence  of  that  Divine  wis- 
dom which  is  displayed  throughout  every  part  of 
creation.  The  number  of  these  bodies,  the  vast 
magnitude  of  their  blazing  tails,  and  the  amazing 
velocity  with  which  they  move  in  certain  parts  of 
their  orbits,  display  the  Almighty  power  of  Him 
who  at  first  set  them  in  motion:  and  although  we 
are  partly  ignorant  of  the  ultimate  designs  they 
are  intended  to  accomplish,  yet  we  may  rest 
assured  that  they  form  a  part  of  that  plan  of 
Divine  beneficence,  which  appears  a  prominent 
object  in  all  the  works  of  God.  There  seems  no 
improbability  in  the  supposition,  that  they  are  in- 
tended as  habitations  for  various  orders  of  intel- 
lectual beings,  to  whom  the  Almighty  displays 
himself  in  a  peculiar  manner,  different  from  that 
of  the  inhabitants  of  the  planets,  and  whose  cor- 
poreal organization  is  exactly  adapted  to  the  nature 
and  properties  of  the  world  in  which  they  are 
placed.  For  we  have  every  reason  to  believe 
that  an  infinite  variety  exists  in  the  universe,  in 
respect  both  to  the  physical  and  mental  constitu- 
tion of  the  intelligences  it  contains. 


CHAPTER    VI. 


ON   THE   ECLIPSES   OF   THE   SUN  AND   MOON. 


The  term  eclipse  is  derived  fr  jm  a  Greek  word, 
which  signifies  to  be  diminislied,  to  faint  away, 
to  swoon,  or  to  die.  When  tlie  full  moon,  in  lier 
greatest  luster,  is  deprived  of  the  beams  of  the 
sun,  she  appears  pale  and  languid,  as  if  she  were 
Bick  and  dying.  Hence  the  superstitious  among 
the  ancients  imagined  that  the  moon  was  in  pain 
at  such  times,  and  therefore  lunar  eclipses  were 
called  the  labors  of  the  moon;  and  in  order  to 
relievo  her  in  that  fancied  distress,  they  were  ac- 
customed to  hold  up  on  high  lighted  torches;  to 
blow  with  horns  and  trumpets;  to  make  a  loud 
noise,  by  beating  on  vessels  of  brass  and  iron,  to 
break,  if  possible,  the  enchantment  that  had  fallen 
on  the  lunar  orb.  Before  the  true  causes  of 
eclipses  were  ascertained,  those  phenomena  were 
considered  as  supernatural,  and  viewed  with  ap- 
prehension and  alarm.  It  was  believed  that  they 
were  produced  by  the  immediate  interposition  of 
God,  as  a  token  of  his  displeasure.  When  the 
sun  was  totallj^  eclipsed,  it  was  imagined,  by  many 
of  the  ancients,  that  he  turned  away  his  face,  in 
abhorrence  of  some  atrocious  crime  that  had  been 
committed,  or  was  about  to  be  perpetrated  on  the 
earth,  and  tiireatened  mankind  with  everlasting 
night.  When  the  Medes  and  Persians,  several 
centuries  before  Christ,  were  preparing  to  engage 
in  furious  combat,  they  were  so  alarmed  at  an 
eclipse,  which  happened  at  that  time,  that  the 
warriors  on  both  sides  laid  down  their  arms,  and 
entered  into  a  treaty  of  peace.  When  the  fleet 
of  Pericles,  the  celebrated  Grecian,  was  preparing 
to  attack  Peloponnesus,  there  happened  an  eclipse 
of  the  sun,  which  was  considered  as  a  most  un- 
fortunate omen;  and  the  whole  of  the  Athenian 
commanders  and  their  men  were  thrown  into  the 
greatest  consternation.  Such  facts  should  inspire 
us  Willi  gratitude  for  the  advantages  we  now  en- 
joy, in  a  land  where  science  is  cultivated,  and 
useful  knowledge  disseminated,  and  where  the 
liglit  of  Divine  revelation  has  dispelled  the  dark- 
ness and  superstitions  of  the  heathen  world. 

Every  planet  and  satellite  is  enlightened  by  the 
sun,  and,  consequently,  casts  a  shadow  toward  the 

rioint  of  the  heavens  whicli  is  opposite  to  that 
uminary.  An  eclipse,  therefore,  is  a  privation 
of  the  liglit  of  the  sun,  or  of  some  other  heavenly 
body,  by  the  interposition  of  another  body  be- 
tween it  and  our  siglit.  Eclipses  are  either  of  the 
sun,  or  the  moon,  or  of  the  satellites  which  ac- 
company some  of  the  planets.  In  regard  to  cir- 
cumstances, they  are  divided  into  total,  partial, 
annular,  and  central.  A  total  eclipse  is  when  the 
whole  face  of  the  luminary  is  darkened;  a  partial 
eclipse  is  one  when  only  a  part  of  the  disc  is  dark- 
ened; an  annular  eclipse  is  when  the  whole  is 
darkened  e::cept  a  ring,  or  annul  us,  which  appears 
round  the  dark  part  like  an  illuminated  border. 
This  can  only  happen  in  the  case  of  an  eclipse 
of  the  sun.  In  a  central  eclipse,  the  centers  of 
the  two  luminaries  and  that  of  the  earth  are  in 
one  and  the  same  right  line,  as  when  in  an  eclipse 
the  moon  passes  through  the  center  of  the  earth's 
gliadow. 


SECTION   I. 

On  the  eclipses  of  the  moon. 

An  eclipse  of  the  moon  is  produced  by  the  inter- 
position of  the  earth  between  the  sun  and  moon, 
and,  consequently,  it  can  only  happen  at  the  time 
of  full  moon,  when  the  moon  is  in  opposition  to 
the  sun.  As  the  earth  is  an  opaque  body,  enlight- 
ened by  the  sun,  it  will  cast  a  shadow  toward 
those  portions  of  space  which  are  opposite  to  the 
sun,  and  if  the  moon  happen  to  pass  through 
those  spaces  where  the  shadow  falls,  she  must 
necessarily  be  eclipsed.  The  sun  and  the  earth 
are  both  spherical  bodies,  and,  therefore,  if  they 
were  of  an  equal  size,  the  shadow  of  the  earth 
would  be  cylindrical,  as  in  fig.  54,  and  would  con- 
tinue of  the  same  breadth,  at  all  distances  from 
the  earth,  and  would  extend  to  an  equal  distance, 
and  might  cause  an  eclipse  of  the  sun  to  the  su- 
perior planets.  If  the  sun  were  less  than  the 
earth,  the  shadow  would  expand,  and  grow  wider 
the  farther  it  was  from  the  earth,  as  in  fig.  55.  It 
would  reach  the  orbits  of  Mars,  Jupiter,  Saturn, 
and  Uranus,  and  eclipse  them,  when  the  earth  in- 
terposed between  them  and  the  sun;  and  these 
eclipses,  in  the  case  of  the  most  distant  planets, 
would  be  of  long  duration,  on  account  of  the 
shadow  being  broader  in  proportion    to  the   dis- 


Fig.  54. 


Fig.  55. 


Fig.  56. 


tance.  But  as  such  eclipses  never  happen,  It 
forms  a  damonstrative  proof  that  the  sun  is  not 
less,  but  greater  than  the  earth.  Tlie  sun,  then, 
being  greater  than  the  earth,  the  shadow  of  the 
earth  is  a  cone,  which  ends  in  a  point  at  a-.certaiu 
distance  from  the  earth,  as  represented  in  fig.  56. 
This  cone  reaches  to  a  distance  of  840,0'iO  miles 
from  the  eartli,  or  about  three  and  a  half  times  as 
long  as  the  distance  of  the  moon  from  tlie  earth. 
If  the  moon  always  moved  in  the  plane  of  the 
ecliptic,  she  would  sufler  a  total  pclii)se,  at   the 
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time  of  every  full  moon,  by  passing  through  the 
center  of  the  earth's  shadow.  But  the  moon's 
orbit  is  inclined  to  the  plane  of  th(!  ecliptic,  at  an 
angle  of  5°  8',  and  coincides  with  it  only  in  two 
places,  called  the  nodes,  or  the  points  where  her 
orbit  intersects  the  ecliptic.  Full  moon,  there- 
fore, may  frequently  happen  without  an  eclipse, 
as  at  this  period  the  moon  may  be  either  to  the 
north  or  the  south  of  the  ecliptic.  It  has  been 
calculated,  that  if  the  mean  opposition  of  the  sun 
and  moon,  or  the  full  moon,  happen  within  7°  47' 
of  the  moon's  node,  there  must  bean  eclipse;  but 
if  the  distance  be  greater  than  13^  21',  there  can- 


not be  an  eclipse.  Let  ii  G,  fig.  57,  represent  the 
moon's  orbit,  e  f  the  plane  of  the  ecli)jtic,  and  M 
the  node  of  the  orbit,  or  point  where  it  cuts  the 
ecliptic;  and  a  B  c  d  four  representations  of  the 
earth's  shadow  in  the  ecliptic.  It  is  obvious  that 
when  the  shadow  is  at  a,  and  the  moon  at  i,  there 
will  be  no  eclipse,  because  the  moon  is  too  far 
from  the  node,  and  the  earth's  shadow  does  not 
reach  her.  When  the  full  moon  is  nearer  to 
the  node,  as  at  k,  only  a  part  of  her  disc  passes 
tlirough  the  shadow,  when  she  suffers  a  partial 
eclipse.  When  the  full  moon  is  at  l,  she  passes 
through  a  portion  of  the  shadow,  and   is  totally 


Figs.  57,  58. 


eclipsed.  When  the  moon's  center  passes  through 
the  center  of  the  shadow,  which  can  only  happen 
when  she  is  in  the  node  at  n,  it  is  then  both  a  to- 
tal and  a  central  eclipse;  and  such  an  eclipse  is  of 
the  longest  duration — at  which  time  the  total 
darkness  continues  about  two  hours. 

Fig.  58  represents,  in  a  different  point  of  view, 
a  total  eclipse  of  the  moon.  The  circle  a  b  c  rep- 
resents the  orbit  of  the  moon,  in  which  it  revolves 
round  the  earth.  The  moon  is  supposed  to  be  in 
the  node,  and  in  her  opposition  to  the  sun — she 
therefore  passes  through  the  center  of  the  earth's 
shadow.  And  as  the  shadow  of  the  earth  is 
nearly  6000  miles  broad  at  the  distance  of  the 
moon,  and  as  the  moon  is  only  a  little  more  than 
2000  miles  in  diameter,  she  must  be  completely 
immersed  in  the  shadow  of  the  earth,  and  must 
move  nearly  three  times  her  own  diameter  before 
she  can  emerge  from  the  shadow. 

The  following  facts  may  be  stated  in  relation  to 
luncir  ecli[)ses : — 1.  An  eclipse  of  the  moon  always 
begins  on  the  moon's  eastern  side,  and  goes  off  on 
her  western  side.  2.  Lunar  eclipses  are  visible  in 
all  parts  of  the  earth  which  have  the  moon  above 
their  horizon,  and  are  everywhere  of  the  same 
magnitude  and  duration.  3.  The  moon's  diame- 
ter is  supposed  to  be  divided  into  twelve  equal 
parts  called  digits,  and  as  many  of  these  parts  as 
are  darkened  by  the  earth's  shadow,  so  many 
digits  is  the  moon  said  to  be  eclipsed.  The  ex- 
tent in  which  the  moon  is  eclipsed  above  twelve 
digits  shows  how  far  the  shadow  of  the  earth  is 
over  the  body  of  the  moon  on  that  edge  to  which 
she  is  nearest  at  the  midille  of  the  eclipse.  4. 
The  moon,  when  totally  eclipsed,  is  not  invisible, 
if  she  be  above  the  horizon  and  the  atmosphere 
clear;  but  appears  generally  of  a  dusky  color, 
somewhat  like  tarnished  copper,  especially  toward 
tiie  edges,  being  generally  more  dark  about  the 


middle  of  the  earth's  shadow.  Some  have  sup- 
posed this  to  arise  from  the  moon's  native  light, 
but  the  true  cause  of  her  being  visible  is,  the  scat- 
tered beams  of  the  sun  bent  into  the  earth's 
shadow,  by  passing  through  its  atmosph-;re.  The 
moon  is  not  eclipsed  by  the  earth  alone;  the  at- 
mosphere, by  refracting  some  of  the  rays  of  the 
sun,  and  reflecting  others,  casts  a  shadow,  though 
not  so  dark  a  one  as  that  which  arises  from  an 
opaque  body.  Although  in  most  lunar  eclipses 
the  body  of  the  moon,  though  obscured,  is  still 
visible,  yet  it  has  sometimes  happened  otherwise. 
Hevelius  mentions,  in  his  "  Selenographia,"  an 
eclipse  of  the  moon  which  happened  in  August, 
1G47,  when  he  was  not  able  to  distinguish  the 
face  of  the  moon  even  with  a  good  telescope,  al- 
though the  sky  was  sufficiently  clear  for  him  to 
see  stars  of  the  fifth  magnitude :  but  such  cases 
are  rare. 

The  duration  of  a  lunar  eclipse  depends  on  the 
following  circumstances: — 1.  On  the  largeness 
of  the  circle  of  the  earth's  shadow,  whose  aiame- 
ter  may  be  different  at  different  times;  the  nearer 
the  moon  is  to  the  earth,  tlie  larger  is  that  portion 
of  the  earth's  shadow  through  which  she  passes. 
2.  On  the  apparent  diameter  of  the  moon,  which 
may  be  different,  on  account  of  her  variable  dis- 
tance, as  she  moves  in  an  elliptical  orbit.  3.  On 
the  distance  of  the  moon  from  her  node  at  the 
moment  of  her  being  full,  which  will  cause  her 
to  pass  through  a  greater,  or  less,  portion  of  the 
earth's  shadow.  Thus  when  the  moon  is  at  K, 
fig.  57,  the  eclipse  will  be  of  comparatively  small 
duration;  when  at  L,  its  duration  will  be  much 
longer,  but  not  so  long  as  when  she  is  at  n,  in  the 
node,  when  she  passes  through  the  center  of  the 
shadow.  4.  On  the  velocity  of  the  moon's  mo- 
tion across  the  shadow  of  the  earth,  which  is  swift- 
est when  she  is  in  perigee,  or  nearest  the  earth. 
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and  the  duration  of  a  central  eclipse  will  then  be 
shoitest.  According  to  these  circumstances  will 
be  the  time  of  continuance  of  a  lunar  eclipse. 
When  tlie  moon  is  centrally  eclipsed,  and  when 
she  is  at  her  greatest  distance  from  the  earth,  its 
duration  is  3  hours,  57  minutes,  26  seconds,  fiom 
beginning  to  end  :  and  when  she  is  at  her  least 
distance,  3  hours,  37  minutes,  26  seconds.  The 
moon  may  be  totally  eclipsed,  although  she  do  not 
pass  through  the  center  of  the  shadow;  but  in 
this  case  the  duration  of  the  eclipse  will  be  shorter 
than  what  has  been  now  stated.  In  some  in- 
stances, the  continuation  of  total  darkness  may 
amount  only  to  a  few  minutes,  when  the  moon 
passes  near  the  extremity  of  the  shadow. 


SECTION     II. 
On  eclipses  of  the  sun.    ' 

An  eclipse  of  the  sun  is  caused  by  the  interposi- 
tion of  the  body  of  the  moon  between  the  sun 
and  the  earth,  when  she  throws  a  shadow  over  a 
certain  portion  of  the  earth.  This  can  happen 
only  at  the  time  of  new  moon,  and  when  the  moon 
is  at  or  near  one  of  her  nodes.  The  eclipses 
of  the  sun  and  moon,  though  expressed  by  the 
same  word,  are  in  their  nature  very  different;  the 
BUn,  in  reality,  loses  nothing  of  his  native  luster  in 
the  greatest  eclipse,  but  is  all  the  while  diffusing 
streams  of  light  around  him  in  every  direction, 
and  illuminating  without  intermission  all  the  bodies 
in  the  planetary  system.  Some  of  these  streams, 
however,  are  occasionally  intercepted  in  their 
course  toward  the  earth  by  the  moon  coming  be- 
tween the  earth  and  sun,  and  at  that  time  the 
dark  side  of  the  moon  is  turned  toward  the  earth. 
When  the  moon  is  eclipsed,  she  suffers  a  real  dimi- 
nution of  her  borrowed  light;  but  when  the  sun 
is  said  to  be  eclipsed,  there  is  no  diminution  of 
his  light,  and  it  is  in  reality  an  eclipse  of  the 
earth  by  the  shadow  of  the  moon  falling  upon  a 
certain  portion  of  our  globe:  and  this  shadow 
would  be  distinctly  seen,  by  an  inhabitant  of  the 
moon,  passing  along  a  certain  zone  of  the  earth, 
like  a  small,  dark,  circular  spot.  The  moon  being 
much  smaller  than  the  earth,  and  having  a  coni- 
cal shadow — because  she  is  less  than  the  sun — 
can  cover  only  a  small  part  of  the  earth  by  her 
shadow:  hence  an  eclipse  of  the  sun  is  visible 
only  to  a  few  inhabitants  of  the  earth,  whereas 
an  eclipse  of  the  moon  is  visible  to  all  who  are  on 
that  hemisphere,  where  the  lunar  orb  is  seen. 

The  following  diagram,  fig.  59,  will  convey  a 
general  idea  of  tlie  nature  of  an  eclipse  of  the  sun. 
In  this  figure,  s  represents  the  sun;  m,  the  moon; 
E,  the  earth;  and  m  n  o,  the  orbit  of  the  moon. 
The  moon  is  supposed  to  be  in  that  part  of  its 
orbit  next  the  sun,  having  the  enlightened  side 
toward  the  sun,  and  its  dark  hemisphere  wholly 
turned  toward  the  earth,  which  is  its  position  at 
new  moon.  It  is  also  supposed  to  be  in  its  node, 
in  an  exact  line  between  the  sun  and  the  earth. 
In  this  situation  the  shadow  of  the  moon  falls 
upon  a  certain  portion  of  the  earth,  and  intercepts 
the  rays  of  the  sun,  for  a  little,  from  the  inhabi- 
tants of  the  earth  on  whom  the  shadow  falls.  Part 
of  the  cone  of  the  shadow  is  represented  at  a  b,  and 
it  is  never  more  than  about  IBO  miles  in  diame- 
ter, within  the  limits  of  which  the  sun  will  appear 
totally  eclipsed.  But  sometimes  it  happens  that 
the  extremity  of  the  cone  of  the  moon's  shadow 
falls  short  of  the  earth,  in  which  case  an  annular 
"iclipse  of  the  sun  is  produced;  in  which  the  sun 
appears  like  a  bril'iant  ring  of  light  around  the 


dark  body  of  the  moon.  Beside  the  dark  shadow, 
there  is  a  penumbra  or  fainter  shadow  produced, 
which  is  represented  ate  d;  and  in  all  those  parts 
where  the  penumbra  falls,  the  sun  will  be  only 
partially  eclipsed.  Thus,  between  c  and  a,  the 
parts  of  the  sun  about  a  b  cannot  be  seen;  the 
rays  coming  from  thence  toward  c  or  a  being  in- 
tercepted by  the  moon;  but  the  portions  of  the 
sun  about  G  and  h  will  be  visible.  The  nearer 
any  place  of  the  earth — within  the  penumbra — 
is  to  the  dark  shadow  of  the  moon,  the  greater 
will  the  eclipse  appear,  and  the  nearer  it  is  to  tlie 
outside  of  the  penumbra,  tlie  smaller  will  be  that 
portion  of  the  sun  which  is  seen  eclipsed.  To 
those  who  live  beyond  the  boundary  of  the  penum- 
bra, the  whole  disc  of  the  sun  will  be  seen  and  no 
eclipse  will  be  visible.  Hence  it  happens,  that 
the  sun  may  be  totally  eclipsed  in  Africa  and  the 
southern  parts  of  Asia,  and  no  trace  of  an  eclipse 
perceived,  at  the  same  moment,  either  in  Britain 
or  America. 

The  following  are  some  facts  in  relation  to  so- 
lar eclipses: — 1.  If  the  mean  conjunction  of  the 
sun  and  moon  takes  place  within  15  degrees  of 
the  moon's  node,  there  must  be  an  eclipse  of  the 
sun;  but  if  the  conjunction  happen  at  a  greater 
distance  from  the  node  than  21  degrees,  there  can 
be  no  eclipse.     Therefore,  between  15  degrees  and 

Fig.  59. 


21  degrees  there  may  or  may  not  be  an  eclipse.  2. 
The  penumbra  covers  a  space  of  4900  miles  in 
diameter,  witlrin  which  the  sun  will  appear  more 
or  less  eclipsed.  3.  The  motion  of  the  moon's 
shadow  over  the  earth's  surface  is  equal  to  her  mo- 
tion in  her  orbit,  which  is  about  2200  miles  in  an 
hour;  a  velocity  four  times  as  great  as  that  of  a 
cannon  ball.  4.  The  number  of  eclipses  in  any 
year  cannot  be  less  than  two,  and  those  both  o* 


72 


THE  SOLAR  SYSTEM. 


the  sun;  nor  can  they  be  ever  more  than  seven: 
in  which  case  there  will  be  five  of  the  sun,  and 
two  of  the  moon,  and  the  moon's  eclipses  will  be 
total.  The  usual  number  is  four  In  a  year,  two 
at  each  node,  and  nearly  half  a  year  intervenes 


;  that  at  the  total  eclipse  of  the  sun  which  happen- 
ed in  1560,  the  darkness  at  Coimbra,  in  Portugal, 
was  greater  or  at  lia.st  more  striking  than  that  ol 
the  night,  and  that  tlie  birds  fell  to  the  earth 
throngli  terror.    At  Berne,  in  Switzerland,  on  May 


between  the  two  sets  of  eclipses.  5.  The  sun  is  1,170b,  the  sun  was  totally  darkened  for  four  mi- 
never totally  eclipsed  longer  than  about  four  nutes,  during  which  time  a  fixed  star  and  a  planet 
minutes,  but  the  moon  may  be  inmiersed  in  the  appeared  very  bright.  The  sun's  passing  out  of 
earth's  shadow,  or  totally  eclipsed,  about  1  hour  the  eclipse  was  preceded  by  a  blood  red  streak  of 
and  48  minutes.  6.  Eclipses  of  the  sun  are  more  liglit  from  his  left  limb,  which  continued  about 
frequent  than  eclipses  of  the  moon,  because  the  six  or  seven  seconds;  then  part  of  the  sun's  disc 
ecliptic  limits  of  the  sun  are  greater;  but  we  have  '  appeared  all  on  a  sudden  brighter  than  Venus  was 
more  visible  ellipses  of  the  rnoon,  because  they  ,  ever  seen  in  the  night, — and  in  that  instant  gave 
are  seen  to  the  whole  hemisphere  next  her;  while  light  and  shadow  to  objects  as  strong  as  tlie  moon- 
eclipses   of  the   sun  only  are  visible  from  a  very    light  generally  does.     One  of  the  most  minute  ac- 


small  portion  of  the  earth's  surface.  7.  An  eclipse 
of  the  sun  begins  on  the  western  side,  and  ends 
on  the  eastern. 

Periods  of  Eclipses. — It  has  been  found  that  in 
223  mean  lunations,  after  the  sun,  moon,  and 
nodes  have  been  once  in  a  line  of  conjunction, 
they  return  so  nearly  to  the  same  state  again, 
that  the  same  node  which  was  in  conjunction 
with  the  sun  and  moon,  at  the  beginning  of  the 
first  of  these  lunations,  will  be  witliin  less  than 
half  a  degree  of  a  line  of  conjunction  with  the  sun 
and  moon  again,  when  the  last  of  these  lunations 
is  completed.  Therefore,  in  that  time  there  will 
be  a  regular  period  of  eclipses  for  many  ages.  In 
this  period  there  are  18  Julian  years,  11  days,  7 
hours,  42  minutes,  31  seconds;  when  the  last  day 
of  February  in  leap  j'ears  is  four  times  included. 
Consequently,  if  to  the  mean  time  of  any  eclipse, 
either  of  the  sun  or  moon,  we  add  the  above  pe- 
riod, we  shall  have  the  mean  time  of  the  return 


counts  of  tlie  circumstances  accompanying  a  to- 
tal eclipse  of  the  sun  is  that  which  is  given  by 
Dr.  Stukely,  of  theeclipse  which  happened  in  1724, 
in  a  letter  to  Dr.  Halley;  of  which  the  following 
is  an  abridgment: — 

"  I  chose  for  my  station,  Haradon-hill,  near 
Amesbury,  east  from  Stonehenge  avenue.  In  front 
is  that  celebrated  edifice  upon  which  I  knew  that 
the  eclipse  would  be  directed.  1  had  the  advan- 
tage of  a  very  extensive  prospect  in  every  direc- 
tion, being  on  the  loftiest  hill  in  the  neighborhood, 
and,  that  nearest  to  the  center  of  the  shadow. 
I  had  two  men  in  company  who  looked  through 
smoked  glasses.  The  sky,  though  overcast,  gave 
out  some  straggling  rays  of  the  sun  that  enabled 
us  to  see  around  us.  It  was  half-past  five  by  my 
watch  when  they  informed  me  that  the  eclipse  was 
begun.  We  watched  its  progress  by  the  naked  eye, 
as  the  clouds  performed  for  us  the  service  of  co- 
lored glasses.     At  the  moment  wlien  the  sun  was 


of  the  same  eclipse.     During  this  period,  there  |  half  obscured,  a  very   evident   circular    rainbow 


happen  about  62  eclipses,  21  of  the  moon  and  41 
of  the  sun.  If,  then,  we  wish  to  know  the  mean 
time  of  an  eclipse  for  any  year,  we  have  only  to 
seek  in  old  almanacs  the  exact  time  tliat  any 
eclipse  may  have  happened  18  years  before,  and 
add  to  such  time  the  above  mentioned  period. 


formed  at  its  circumference  with  perfect  colors. 
As  the  darkness  increased  we  saw  the  shepherds 
on  all  sides  hastening  to  fold  their  flocks,  for  they 
expected  a  total  eclipse  of  an  hour  and  a  quarter 
duration.  When  the  sun  assumed  the  apjiearance 
of  the  new  moon,  the  sky  was  tolerably  clear,  but 


From  what  has  been  now  stated  respecting  so-  I  it  was  soon  covered -with  deeper  clouds.  The  rain- 
lar  eclipses,  it  is  evident  that  the  darkness  which  .  bow  then  vanished;  the  hill  grew  very  dark,  and 


accompanied  our  Saviour's  crucifixion  must  have 
been  supernatural.  '  For  it  happened  at  the  time 
of  tlie  Jewish  passover;  and  that  festival,  bj'  the 
appointment  of  the  law,  was  to  be  celebrated  at 
full  moon,  at  which  time  it  was  impossible  that 
the  shadow  of  the  moon  could  fall  upon  the  earth, 
or  the  sun  be  eclipsed,  according  to  the  established 
laws  of  nature.  Beside,  in  a  total  eclipse  of  the 
Bun,  the  time  of  the  continuance  of  total  darkness 
is  not  more  than  about  four  minutes;  but  the 
darkness  which  overspread  "  the  wliole  land" 
while  our  Redeemer  hung  upon  the  cross,  con- 
tinued without  intermission  for  more  than  three  J 
hours.  And  again,  although  the  sun  had  been 
totally  eclipsed  in  a  natural  way,  at  that  time,  to 
the  inhabitants  of  Jerusalem  and  its  confines,  it  I 
would  have  been  only  partially  eclipsed  to  those 


on  each  side  (he  horizon  exhibited  a  blue  tint 
like  that  at  the  close  of  day.  Scarely  had  wo 
time  to  count  ten,  when  Salisbury  spire,  six  miles 
to  the  south,  was  enveloped  in  darkness.  The 
hill  disappeared  entirely,  and  the  deepest  night 
spread  around  us.  We  lost  sight  of  the  sun, 
whose  place  until  then  we  had  been  able  to  distin- 
guish in  the  clouds,  but  whose  trace  we  could 
now  no  more  discover  than  if  it  had  never  exist- 
ed. It  was  now  35  minutes  past  six;  shortly  be- 
fore the  sky  and  the  earth  resumed  fi  livid  tint; 
there  was  also  mucli  black  diffused  through  the 
clouds,  so  that  the  whole  picture  presented  an  aw- 
ful aspect  that  seemed  to  announce  the  death  of 
nature. 

"  We  were  now  involved  in  a  total  and  palpable 
darkness.      It  came  on  rapidly,  but  I  watched  so 


who  dwelt  on  the  outskirts  of  the  land  of  Judea;  attentively  that  I  could  perceive  its  progress.  It 
as  the  shadow  of  the  moon,  in  an  eclipse  of  the  came  upon  us  like  a  great  dark  manlle  thrown 
sun,  covers  only  a  small  part  of  the  earth's  surface  over  us.  The  hoiseg  we  held  by  the  bridle  seemed 
at  onetime.  In  confirmation  of  what  has  been  deeply  struck  by  it,  and  pressed  closely  to  us  with 
now  stated,  it  has  been  calculated  by  some  astro-  I  marks  of  extreme  surprise.  As  well  as  I  could 
nomers,  that  an  eclipse  of  the  moon,  which  can  perceive,  the  coMntenances  of  my  frientls  wore  a 
only  take  place  at  the  time  of  full  moon,  happened  ,  horrible  asjiect.     It  was  not  without  an  involun- 


on  the  afternoon  of  that  day  on  which  our  Sa^ 
viOur  was  crucified;  so  that,  according  to  the 
language  of  the  projjhet,  "  The  sun  and  the  moon 
were  both  darkened  in  their  habitation,"  at  the 
time  when  this  solemn  and  interesting  event  was 
accomplished. 

Total  eclipses  of  the  sun  have  always  been  con- 
■idered  as  remarkable  events.    Clavius  remarks, 


tary  excl'aination  of  wonder,  I  looked  round  mo 
at  this  moment;  1  distinguished  colors  in  the  sun, 
but  the  earth  had  lost  all  its  bine  and  was  entirely 
black.  A  few  rays  shot  through  the  clouds  for  a 
moment,  but  immediately  afterward  the  earth  and 
the  sky  appeared  totally  black.  It  was  the  most 
awful  sight  I  had  ever  beheld  in  my  life.  Nortli- 
west  of  the  point  whence  the  eclipse  came  on,  it 


ECLIPSES  OF  THE  SUN. 


was  impossible  to  distinguish  in  the  least  degree 
the  earth  from  the  sky,  for  a  breadth  of  60  degrees 
or  mere.  We  looked  in  vain  for  the  town  of 
Arnesbury,  situate  below  us;  scarcely  could  we  see 
the  ground  uiulor  our  feet.  All  the  change  I  could 
perceive  during  the  totality  was  that  the  horizon 
by  degrees  drew  into  two  parts,  light  and  dark; 
the  northern  hemisphere  growing  still  longer, 
lighter,  and  broader,  and  two  opposite  dark  parts 
uniting  into  one,  and  swallowing  up  the  southern 
enlightened  part. 

"  At  length,  upon  the  first  lucid  point  ajjpearing 
in  the  heavens  where  the  sun  was,  I  could  distin- 
guish pretty  plainly  a  rim  of  light  running  along- 
side of  us,  a  good  while  together,  or  sweeping  by 
our  elbows,  from  west  to  east;  just  then,  having 
good  reason  to  suppose  the  totality  ended,  I  found 
it  to  be  full  three  minutes  and  a  half.  The  hill 
tops  then  resumed  their  natural  color,  and  I  saw 
no  horizon  at  the  point  previously  occupied  by  the 
shadow.  iMy  companions  cried  out  that  they 
again  saw  the  steep  hill  toward  which  they  had 
been  looking  attentively.  Presently  we  heard 
the  song  of  the  larks  hailing  the  return  of  light, 
after  the  profound  and  universal  silence  in  which 
everything  had  been  plunged.  The  heavens  and 
the  earth  now  ap[ieared  of  a  grayish  cast,  inter- 
spersed with  blue,  like  the  morning  before  sun- 
rise. As  soon  as  the  sun  appeared,  the  clouds 
grew  denser,  and  for  some  minutes  the  liglit  did 
not  increase, as  happens  at  a  cloudy  sunrise.  The 
instant  the  eclipse  became  total,  until  the  emersion 
of  the  sun,  we  saw  Venus  but  no  other  stars.  We 
perceived  at  this  moment  the  spire  of  Salisbury 
Cathedral.  The  presence  of  the  clouds  added 
much  to  the  solemnity  of  the  spectacle,  incom- 
parably superior,  in  my  opinion,  to  the  eclipse  of 
1715,  which  I  saw  perfectly  from  the  top  of 
Boslon.  steeple,  when  the  sky  was  very  clear. 
There,  indeed,  I  saw  the  two  sides  of  the  shadow, 
coming  from  afar  and  passing  to  a  great  distance 
behind  us;  but  this  eclipse  exhibited  great  variety, 
and  was  more  awfully  imposing.  So  deep  an  im- 
pression luis  ibis  spectacle  made  on  my  mind,  that  I 
shall  long  be  able  to  recount  all  the  circumstances 
of  it  with  as  much  precision  as  now." 

Tliere  have  been  no  total  eclipses  of  the  sun  in 
Britain,  since  those  of  ITl.")  and  1724,  nor  will 
there  be  one  visible  here  during  the  present  cen- 
tury. The  first  total  eclipse  in  England  wdl  hap- 
pen on  the  3d  of  February,  1916.  The  most  re- 
markable solar  eclipses  for  the  next  half  century 
are  those  of  March  15, 1858,  and  August  19,  1887. 
The  last  total  eclij)seof  the  sun  visible  in  Europe, 
happened  on  July  8th,  1842,  of  which  the  follow- 
ing account  is  abridged  from  the  Athenaeum: 

"Vienna,  July  8, 1842. — The  eclipse,  the  object 
of  our  journey  to  Vienna,  was  worth  going  any 
distance  to  see.  No  partial  eclipse,  however  con- 
siderable, can  give  the  faintest  notion  of  what  a 
total  one  is.  All  Vienna  was  in  expectation  for 
many  days  previous  to  the  event,  and  strangers 
flocked  to  that  capital  in  crowds  to  witness  that 
phenomenon.  The  celebrated  astronomer,  Schu- 
macher, came  all  the  way  from  Denmark  on  pur- 
pose to  see  the  eclipse  with  astronomical  eyes.  At 
four  in  the  morning,  I  beheld  the  clear  rays  of  the 
sun,  shining  opposite  my  window,  while  the  ge- 
neral appearance  of  the  sky  indicated  a  favorable 
concurrence  of  circumstances.  Soon  after  five,  I 
was  on  my  way  to  the  Botanical  Garden,  and  al- 
ready the  ramparts  of  the  city  were  thronged  with 
multitudes.  About  ten  minutes  before  six  the 
first  spot  of  darkness  was  observed  upon  the  sun. 
From  that  time  until  the  total  ob.scuratiou,  there 
was  no  very  unusual  appearance.    The  sky,  about 


half  an  hour  before  the  commencement  of  the 
eclipse,  became  somewhat  obscured  b}'  vapor,  and 
blue  mists  arose  increasingly  from  the  horizon. 
A  perceptible  chillness  crept  ijito  the  air,  and 
flights  of  swallows  flew  wildly  and  restlessly 
through  the  darkening  atmosphere;  but  as  long 
as  the  smallest  portion  of  the  sun  was  vi.-ible, 
there  was  considerable  light.  But  now  appi'oachcd 
the  important  moment.  A  heavy  bell  toll.d  at 
intervals  from  the  city,  like  the  funeral  knell  of 
our  beautiful  orb  of  light  and  life,  and  the  sharp 
shrill  cries  of  tlie  birds,  which  had  disappeared, 
as  if  to  take  refuge  from  some  impending  conv^j^- 
sion  of  nature.  Yet  a  moment,  and  on  a  sudden, 
an  effect  took  place,  unexpected  and  sublime. 
The  whole  aspect  of  heaven  and  earth  undtrwent 
a  change,  with  regard  to  light,  coloring,  every- 
thing: and  the  instant  that -preceded  the  total 
eclipse,  resembled  in  nothing,  and  gave  no  idea 
of  that  which  followed  it. 

"  Round  the  black  sun  was  an  irregular  halo  of 
whitish  light,  defining  clearly  and  strongly  the  ob- 
scured orb.  In  some  places,  this  halo  extended 
into'  longer  gleams,  forming  altoge-her  a  faint 
glory.  It  was  not  so  generally  dark  as  I  had  sup- 
posed it  would  have  been, — but  the  sudden  dimi- 
nution of  light,  at  the  moment  of  total  obscura- 
tion, was  sudden  and  startling.  Also  the  sudden 
diminution  of  temperature,  the  thermometer  fall- 
ing 1]  degrees  instantaneously  upon  the  complete 
innriersion  of  the  sun.  One  of  the  most  striking 
and  unexpected  effects,  was  a  red  and  lurid  glow, 
that  suddenly  kindled  upon  the  horizon;  the  blue 
pale  vapor  that  had  risen  from  the  east,  being  con- 
verted into  the  semblance  of  a  mighty  contlagra- 
tion.  The  principal  light  in  the  landscape  came 
from  thence,  no  longer  froin  the  sun.  The  rest 
of  the  atmosphere  was  of  a  sickly  greenish  tinge, 
overcast  with  duskiness,  through  whose  spectral 
tints  the  crowds  upon  the  ramparts  were  dimly 
discerned,  all  standing  in  solemn  stillness,  like  the 
vast  shadowy  multitudes  in  one  of  Martin's  pic- 
tures. 

"  The  number  of  stars  visible  during  this  eclipse, 
at  Perpignan,  according  to  Arago,  was  only  ten. 
The  number  was  greater  at  Montpelier  and  Milan, 
Its  efTect  upon  animals  was  remarkable.  One  of 
the  friends  of  Arago  had  five  healthy  linnets  in  a 
cage,  three  of  which  died  during  the  sudden  dark- 
ness of  the  eclipse.  Oxen  formed  into  a  circle, 
with  their  horns  thrust  forward,  as  if  to  repel  an 
enemy.  At  Montpelier  bats  and  owls  appeared, 
sheep  lay  as  if  for  the  night,  and  horses  in  the 
fields  were  in  terror.  M.  Fraise  a  naturalist,  re- 
lates that  a  swarm  of  ants,  in  full  march,  stopped 
short  at  the  moment  of  occultation,  when  the  dark- 
ness was  nearly  at  its  hight." 

The  following  table  contains  a  statement  of  the 
principal  solar  eclipses  during  the  present  century: 
In  this  table,  the  eclipses  marked  with  an 
asterisk  are  calculated  for  the  meridian  of  Paris;  all 
the  others  are  calculated  for  the  middle  of  England. 
Eclipses  are  not  only  striking  and  interesting 
phenomena  of  nature,  but  are  of  considerable  ad- 
vantiige  and  utility.  In  the  first  place,  from  an 
eclipse  of  the  moon  we  derive  one  conclusive 
argument  to  prove  the  globular  figure  of  tlie  earth, 
frpm  the  circular  shape  of  the  shadow  of  the 
earth  in  a  lunar  eclipse.  2.  Eclipses  of  the  moon 
prove  that  the  sun  is  larger  than  the  earth,  be- 
cause the  shadow  of  the  earth  shortens  in  its 
breadth  as  it  retires  from  the  earth,  and  at  length 
terminates  in  a  point,  which  it  could  not  do  if  the 
sun  were  smaller.  3.  They  also  prove  that  the 
earth  is  larger  than  the  moon,  because  the  whole 
of  the  moon's  body  is  sometimes  involved  in  tlie 
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earth's  shadow,  and  a  section  of  this  shadow  at 
the  moon  is  much  less  than  the  earth  itself.  4. 
The  longitude  of  places  may  be  obtained  by 
eclipses  to  a  great  degree  of  accuracy.  An  eclipse 
commencing  at  the  same  moment  of  time  lo  all 
places  at  which  it  is  visible,  the  difference  in  the 
observed  time  at  any  two  places  will  give  the 
difference  of  longitude  between  the  places.  5. 
Eclipses  have  lent  their  aid  in  settling  the  precise 
date  of  ancient  historical  events.  For  if  near  the 
time  of  any  memorable  event  recorded  iia  history, 
a  remarkable  solar  or  lunar  eclipse  be  also  record- 
ed, we  may  kuow  whether  the  real  time  of  this 


event  be  rightly  determined,  by  calculating  back 
ward,  and  ascertaining  whether  any  remarkablo 
eclipse  happened  near  the  period  supposed.  For 
example,  Thucydides  relates  that  a  solar  eclipse 
happened  on  a  summer's  day,  in  the  afternoon,  in 
the  first  year  of  the  Peloponnesian  war,  which 
eclipse  was  so  great  that  the  stars  appeared.  This 
is  stated  in  modern  authors  to  have  been  in  tlie 
year  413  before  Christ,  and  by  computation  it 
appears  that  on  the  3d  of  August  in  that  year» 
there  was  a  great  solar  eclipse,  which  passed  over 
Athens  about  six  o'clock  in  the  afternoon;  which 
therefore  corroborates  the  decision  of  chronologers. 


CHAPTER     VII. 

ON  THE  SEASONS,  AND  THE  DIFFERENT  LENGTHS  OF  DAYS  AND  NIGHTS 


We  formerly  had  occasion  to  state  that  the 
earth  revolves  round  its  axis  every  24  hours,  and 
round  the  sun  in  about  365  days  and  nearly  6 
hours.  These  motions  are  intimately  connected 
with  the  different  lengths  of  days  and  nights, 
experienced  in  almost  every  region  of  the  globe, 
and  with  the  seasons  which  diversify  the  different 
portions  of  the  year. 

The  constant  succession  of  day  and  night — 
though  so  common  as  to  be  almost  unheeded — is 
in  reality  a  very  wonderful  operation  of  the  Most 
High.  When,  after  a  dark  and  tempestuous 
night,  the  sun  first  appears  in  the  unclouded  hori- 
zon, all  nature  appears  animated  by  his  presence. 
The  magnificent  scone  of  creation,  which  a  little 
before  was  involved  in  obscurity,  opens  gradually 
to  view — and  every  object  around  has  a  tendency 
to  excite  sentiments  of  delight  and  adoration,  if 
man  were  disposed  to  contemplate  the  works  of 
his  Creator  with  intelligence  and  pious  emotion. 
The  heavens  are  adorned  with  azure,  the  clouds 


are  tinged  with  the  most  lovely  hues,  the  flowers 
expand  their  buds,  and  put  forth  their  colors;  the 
birds  awake  to  melody,  and  the  insect  Iri'oes  are 
on  their  wing,  all  rejoicing  in  the  light  of  the 
luminary  of  day.  The  curtain  of  darkness  is 
likewise  removed  from  the  abodes  of  men,  which 
are  previously  obscured,  and  we  behold  the  cities, 
towns  and  villages,  the  lofty  domes,  the  glitlering 
spires,  and  the  palaces  and  temples  with  which 
the  landscape  is  adorned.  After  a  night  of  dark- 
ness and  tempest,  such  a  scene  appears  almost 
like  a  new  creation.  The  sun,  after  moving  in 
all  his  brightness  through  the  canopj^  of  heaven 
is  again  hidden  from  our  view  in  the  western  re- 
gion of  the  sky,  and  we  are  then  presented  with 
a  scene  still  more  wonderful  and  sublit7ie:  the 
moon  rises  in  unclouded  majesty — the  planets  are 
beheld  moving  in  their  different  courses,  and  au 
innumerable  host  of  stars,  spread  over  the  whole 
concave  of  the  firmament,  diffuse  their  radiance 
from  afar      Such  a  spectacle,  during  the  silence 
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of  the  night,   fills  the   contemplative  mind  with  j 
solemn  thoughts,  and  with  sentiments  of  wonder  \ 
and  delight,  and  has  a  tendency  to  raise  the  soul 
to  a  consideration  of  the  Great  First  Cause,  "by 
whom  tlie  heavens  were  made." 

In  the  course  of  the  annual  revolntion  of  the 
earth  round  tlie  sun,  the  inhabitants  of  every 
country,  and  of  every  clime,  experience,  thougli 
at  difi'erent  times,  all  the  variety  of  the  seasons, 
and  the  different  lengths  of  days  and  nights  with 
which  they  are  accompanied.  Spring,  summer, 
autumn,  and  winter,  follow  each  other  in  con- 
stant succession,  diversifying  the  scenery  of  na- 
ture, and  distinguishing  the  difFerent  periods  of 
the  year.  In  the  present  constitution  of  the 
earth,  and  in  the  present  state  of  man,  this  vicis- 
situde of  seasons  is  attended  with  manifold  ad- 
vantages both  to  the  human  race  and  to  the  other 
tribes  of  animated  nature,  and  is  necessary  toward 
bringing  to  maturity  the  various  productions  of 
the  earth.  During  one-half  of  the  year,  from 
March  21,  to  September  23,  the  regions  of  our 
globe  within  the  north  polar  circle  enjoy  their 
summer,  and  part  of  their  spring  and  autumn. 
At  the  nortii  pole,  the  sun  shines  six  months 
without  intermission;  and  from  Cti}^  degrees  of 
north  latitude,  the  inhabitants  of  these  climes 
enjoy  a  length  of  day  varying  from  24  hours  to 
six  months; — the  nearer  the  pole,  the  longer  is 
the  day.  In  Greenland  and  Davis'  Straits,  our 
whale  tishers  enjoy,  during  the  greater  part  of 
the  time  they  are  employed  in  those  regions,  an 
almost  uninterrupted  day  of  three  or  four  months 
in  length.  During  the  same  time,  the  inhabitants 
of  the  antarctic  circle  ai'onnd  the  southern  pole, 
are  altogether  deprived  of  the  sun,  and  shrouded 
in  darkness,  until  the  23d  of  September;  when 
he  again  app-ars  on  the  verge  of  (heir  horizon. 
These  countries,  within  the  polar  circles,  may  be 
considered  as  having  only  two  seasons — summer 
and  winter.  They  have  a  summer  of  about  four 
months,  during  which  the  days  are  very  long  and 
the  heat  considerable.  The  rest  of  the  year  may 
be  considered  as  winter:  for  so  rapid  is  the  tran- 
sition from  heat  to  extreme  cold,  and  from  cold  to 
heat,  that  spring  and  autumn  are  scarcely  per- 
ceptible. It  is  only  in  temperate  climates  that 
four  distinct  seasons  are  particularly  distinguished 
and  enjoyed.  In  such  climates,  in  spring,  plants 
have  time  to  slioot,  and  grow  insensiiily,  without 
being  destroyed  by  late  frosts,  or  too  much 
hastened  by  early  heats.  In  summer,  the  heat 
gradually  diminishes;  so  that  the  fruits  of  autumn 
have  time  to  ripen  by  degrees,  without  being  hurt 
by  the  winter  colds.  Throughout  most  of  the 
European  countries,  particularly  in  Italy,  and 
the  south  of  France,  these  four  seasons  are  dis- 
tinctly perceptible.  In  the  warmest  countries 
too,  as  well  as  in  the  coldest,  there  may  be  said 
to  be  only  two  seasons,  that  materially  dilFer  from 
each  other  ;  as  in  the  tropical  climates,  about 
the  central  parts  of  Africa,  and  the  southern 
regions  of  Asia.  In  such  countries,  there  is  a 
dry  and  scorching  season,  during  seven  or  eight 
months,  until  the  rainy  season  commences,  which 
continues  generally  four  or  live  months;  and  this 
is  the  chief  distinction  between  their  summer  and 
winter. 

Every  season  of  the  year  is  characterized  by 
its  peculiar  phenomena  and  effects.  Spring  is 
characterized  as  the  season  of  the  renovation  of 
nature  after  the  gloom  and  torpor  of  winter.  At 
this  period,  animals  and  vegetables  feel  the  in- 
fluence of  returning  warmth,  and  prepare  for  the 
continuance  and  increase  of  their  several  species. 
The  plants  and  flowers,  which  were  hid  in  winter, 


as  soon  as  genial  showers  refresh  the  soil,  emerge 
from  the  ground,  and  begin  to  display  their  beau- 
ties. As  the  sun  rises  higher  antl  higher  abova 
the  horizon  at  noon,  and  the  heat  increases,  the 
larger  vegetables,  shrubs  and  trees,  unfold  their 
leaves,  and  the  winged  tribes  begin  to  build  their 
nests,  and  to  "sing  among  the  branches."  'I'ha 
landscape  begins  to  be  adorned  with  a  lively 
green,  interspersed  with  flowers  of  various  hues, 
and  all  nature  appears  in  ceaseless  activity  In 
this  season,  about  the  21st  of  March,  the  sun 
crosses  the  equinoctial;  when  the  days  and  niglit3 
are  equal  over  all  the  globe,  and  the  north  polar 
regions,  which  were  previously  involved  in  dark- 
ness, now  begin  to  feel  the  light  and  genial  influ- 
ence of  tlie  sun.  The  approach  of  spring  and  its 
progressive  advances,  fill  the  hearts  of  all,  the 
mendicant  as  well  as  the  monarch,  with  hope, 
and  unmixed  joy  and  satisfaction;  for  this  season 
affords  us  a  thousand  new  delights.  It  charms 
us  with  the  beauty  and  perfume  of  flowers;  the 
songs  of  the  winged  tribes;  the  length  of  the  day 
rapidly  advancing;  and  the  preludes  of  approach- 
ing summer,  and  the  pleasures  of  rural  excur- 
sions. 

Summer  has  generally  been  considered,  on  the 
whole,  as  the  most  delightful  season  of  the  year. 
Every  object  is  then  clothed  in  renovated  beauty 
and  gladness — the  winter  snows  are  completely 
melted  from  the  hills;  the  trees  are  bursting  with 
leaves;  tlie  flowers  are  painting  themselves  with 
every  variety  of  color,  and  every  thicket,  and  every 
hill  ring  with  the  modulations  of  various  notes — 
everything  in  the  animal  and  vegetable  world 
now  appears  in  a  progressive  state  toward  matu- 
rity, and  the  insect  race  seem  animated  with 
peculiar  vigor  and  activity  under  the  more  di- 
rect influence  of  the  sun.  At  this  time  (about  the 
21st  of  June),  the  sun  rises  highest  in  his  meri- 
dian course,  the  heat  increases,  the  day  is  at  the 
longest,  the  night  consists  only  of  a  few  hours  of 
twilight,  and  the  rising  sun  is  accompanied  with 
peculiar  sublimity  and  splendor.  The  fleecy 
clouds  are  painted  with  purple  and  vermilion,  the 
mountain-tops  are  fringed  with  radiance,  and 
every  object  on  the  face  of  nature  displays  its  pe- 
culiar form  and  beauties.  This  s^son,  too,  is 
sometimes  distinguished  by  exce.ssivelieats,  which 
produce  languor  and  inactivity,  and  sometimes  the 
sky  is  covered  with  dark  and  lowering  clouds, 
when,  on  a  sudden,  the  forked  lightnings  flash, 
and  the  thunders  roll  in  awful  majesty  along  the 
sky,  appalling  the  timorous  mind  and  produc- 
ing terror  among  the  tribes  of  animated  na- 
ture. 

Autumn  is  the  season  when  the  fruits  of  the 
earth  are  brought  to  maturity,  to  sujiply  the 
wants  of  man  and  beast.  The  silent  and  gradual 
progress  of  maturity  is  now  completed,  and  the 
promise  of  spring  fulfilled.  The  fields  are  cover- 
ed with  a  golden  harvest,  the  reapers  in  joyful 
groups  are  cutting  down  their  sheaves,  and  the 
productions  of  the  earth  are  gathered  into  the 
garner,  to  be  stored  up  as  provisions  for  the  com- 
ing year.  In  every  garden  and  orchard,  delicious 
fruits  of  various  hues  are  seen  hanging  on  the 
branches,  to  gratify  the  eye,  the  palate,  and  the 
imagination,  and  presenting  a  specimen  of  the 
superabundance  of  Divine  goodness  in  providing 
such  a  variety  of  comforts  for  the  human  family. 
"Oh  that  men  would  praise  the  Lord  for  his 
goodness,  and  for  his  wonderful  works  to  the 
children  of  men." — For  He  crowni^h  the  year 
with  his  goodness,  his  "  paths  drop  fitness: — the 
little  hills  rejoice  on  every  side.  The  pastures 
are   clothed   with  flocks ;    the  valleys  also  are 


76 


THE   SOLAR  SYSTEM. 


covered  over  with  com;  thoj'  shout  for  joy,  tliey 
also  sing.''  Toward  the  close  of  this  season,  tlio 
ohjects  of  tlie  vegetable  creation  begin  to  lose 
their  bloom  and  their  beauty.  The  groves  lose 
their  leafy  honors;  the  gaudy  flowers  disappear; 
and  nature  puts  on  a  more  bleak  and  somber  as- 
pect. But  before  the  forests  and  the  groves  are 
stripped  of  their  beauty,  they  assume  a  tempo- 
rary splendor  superior  to  even  the  verdure  of 
spring,  or  the  luxuriance  of  summer.  The  ever- 
changing  hues  of  the  leaves  of  the  treps,  melting 
into  every  soft  gradation  of  color  and  shade,  have 
long  engaged  the  imitation  of  the  painter,  and  in 
some  measure  enliven  the  gloom  of  the  falling 
year.  During  this  season  (on  the  23d  of  Septem- 
ber), the  sun  crosses  the  equinoctial,  in  his  course 
toward  the  south.  He  then  sets  to  the  north  pole, 
and  begins  -to  diffuse  his  rays  on  the  south  polar 
regions,  where  spring  now  commences;  and  du- 
ing  all  the  period  which  intervenes  from  this  time, 
until  the  21st  of  the  following  March,  the  sun 
shines  without  intermission  around  the  southern 
pole. 

Winter  succeeds  autumn,  and  completes  the 
circl"e  of  the  seasons,  in  our  northern  latitude. 
The  thickening  fogs,  the  heavy  rains,  the  hail 
showers,  and  the  descending  snows,  now  begin 
to  deface  the  beauties  of  the  rural  landscape. 
The  melody  of  birds  is  seldom  heard  in  the 
groves;  the  flowers  lie  dead,  and  their  beauties 
defaced;  the  trees  are  lashed  by  storms,  stripped 
of  their  verdure,  and  spread  their  naked  arms  to 
the  ruthless  winds.  The  vapors  sometimes  thick- 
en into  an  impenetrable  gloom,  and  obscure  the 
face  of  the  sky.  The  rains  descend  in  torrents"; 
the  brooks  swell,  the  rivers  burst  their  banks, 
and  bury  the  meadows  under  a  soaking  deluge. 
The  atmosphere  is  now  and  then  hurled  into 
tumultuous  confusion,  and  everything  trembles 
before  the  furious  blast.  The  trees  of  the  forest 
are  dashed  headlong  to  the  ground,  and  the  shep- 
herd's cot  carried  aloft  in  the  air,  or  shattered  in 
pieces.  The  ocean  swells  with  violent  commo- 
tions, and  tosses  its  waves  toward  the  clouds. 
Ships  are  dragged  from  their  anchors,  and  are 
whirled  about  as  stubble  along  the  vast  abyss,  and 
some  of  them  plunged  into  the  open  gulf,  with 
all  their  niOTiners,  to  rise  no  more.  Such  are 
some  of  the  aspects  and  desolations  of  stern  win- 
ter. But  it  is  also  accompanied  with  numerous 
benefits  to  mankind.  The  frost  and  cold  which 
winter  produces,  prevent  many  hurtful  vapors 
in  the  higher  regions  of  the  atmosphere  from 
falling  upon  us,  and  purify  the  air  from  nox- 
ious exhalations.  Far  from  being  prejudicial  to 
health,  they  often  improve  it,  and  prevent  the 
humors  from  that  putrefaction  which  heat  might 
produce.  Cold  has  a  tendency  to  brace  the  ani- 
mal system,  and  to  promote  the  circulation  of 
the  blood.  When  the  fields  and  gardens  are 
covered  with  snow,  this  is  necessary  to  preserve 
them  from  the  cold,  and  to  prevent  the  grain 
from  corrupting.  The  earth  requires  repose, 
after  having  yielded  in  summer  all  that  we  re- 
quire for  our  subsistence  during  the  winter. 
While  the  cold  continues,  the  means  are  at  hand 
for  procuring  artificial  heat,  by  the  abundance 
of  coals  and  wood  which  the  Creator  has  pro- 
vided. During  this  season,  too,  we  enjoy  the 
most  brilliant  and  interesting  views  of  the  star- 
ry heavens,  of  the  planets  in  their  courses,  and 
of  the  moon  "  walking  in  brightness."  So  that 
in  every  season,  we  have  abundant  evidence  of 
the  goodness  of  our  bountiful  Creator,  and  of  the 
tender  care  he  exercises  over  every  portion  of  the 
human  family.    During  the  middle  of  winter  the 


days  are  shortest  and  the  nightf  the  longest  This 
haj)pens  more  particularly  about  the  21st  of 
December,  when  the  sun,  in  our  latitude,  rises 
near  the  south-east,  describes  a  short  curve  a 
little  above  the  southern  horizon,  and  sets  near 
the  south-west,  after  having  remained  only  seven 
or  eight  hours  above  the  horizon. 

It  is  here  worthy  of  remark,  that  all  the  diver- 
sified phenomena  of  the  seasons,  and  the  difTer- 
ent  lengths  of  days  and  nights  throughout  the 
year,  are  produced  by  the  operation  of  a  few  ap- 
parently simple  principles.  In  all  the  operations 
of  the  Almighty,  we  find  that  the  most  diversified 
and  astonishing  effects  are  produced  by  causes 
that  are  either  unheeded,  or  by  agents  which,  to 
our  limited  view,  appear  altogether  inadequate  to 
produce  the  results.  From  the  simple  principle 
of  gi-avitation,  for  example,  proceed  all  the  beau- 
ties and  sublimities  which  arise  from  the  meander- 
ing rills,  the  majestic  rivers,  and  the  roaring  cata- 
racts; it  causes  the  mountains  to  rest  on  a  solid 
basis,  and  confines  the  ocean  to  its  appointed  chan- 
nels; it  produces  the  descent  of  the  rains,  and 
dews,  and  the  alternate  flux  and  reflux  of  the 
tides;  it  rolls  the  moon  round  the  earth,  and  pre- 
vents her  from  flying  off  to  the  distant  regions  of 
space;  it  extends  its«influence  from  the  earth  to 
the  moon,  and  from  the  sun  to  the  remotest 
planets — preserving  surrounding  worlds  in  their 
proper  courses,  and  connecting  the  solar  system 
with  other  worlds  and  systems  in  the  remote 
spaces  of  the  universe.  From  the  minutest  atom 
to  the  vast  luminaries  of  heaven,  everything  is 
subject  to  its  all-powerful  influence;  and  from 
this  active  invisible  agent  proceed  all  the  order, 
beauty,  and  variety,  which  distinguish  the  works 
of  creation.  Thus,  also,  the  principle  called  elec- 
tricity— which  manifests  itself  in  sparks  of  fire, 
when  a  glass  tube  is  rubbed  in  the  dark — is  found 
to  be  the  cause  \yhich  produces  the  lightnings  of 
heaven,  a»d  all  the  sublime  phenomena  wiiich 
accompany  a  violent  thunderstorm;  and,  in  com- 
bination with  other  agents-,  produces  likewise  the 
fiery  meteor  which  sweeps  through  the  sky  with 
its  luminous  train,  and  the  beautiful  coruscations 
of  the  aurora  borealis. 

In  like  manner  the  vicissitude  of  day  and  night 
and  the  revolution  of  the  seasons  and  their  diversi- 
fied phenomena,  depend  on  the  most  simple  prin- 
ciples and  arrangements.  The  alternate  succes- 
sion of  day  and  night  is  occasioned  merely  by  the 
uniform  rotation  of  the  earth  upon  its  axis.  As 
our  globe  turns  round  on  this  imaginary  line  every 
24  hours,  and  as  only  one-half  of  a  globe  can  be 
illuminated  at  a  time,  it  is  evident  that  any  par- 
ticular place  will  sometimes  be  turned  toward  the 
sun,  and  sometimes  opposite  to  it:  and  being  thus 
constantly  subjected  to  these  various  positions,  a 
regular  return  of  light  and  darkness  will  be  expe- 
rienced during  the  above  period  in  every  region 
not  within  the  limits  of  the  polar  circles.  When, 
by  the  diurnal  revolution,  any  place  is  carried  into 
the  dark  hemisphere,  it  is  night;  and  when  turned 
round  into  the  enlightened  hemisphere,  it  is  day. 
The  sun  and  all  the  other  heavenly  bodies  appear 
to  move  along  the  heavens  every  day  from  east  to 
west;  but  this  motion  is  only  apparent,  and  is 
caused  by  the  real  motion  of  the  earth  on  its  axis 
from  west  to  east;  but  the  apparent  motion  of 
the.se  bodies  is  somewhat  ditTerent  at  difl'erent  sea- 
sons of  the  year,  and  in  different  regions  of  the 
globe.  (See  ante,  p.  11.)  All  the  planets  on  whose 
surfaces  spots  have  been  discovered,  are  likewise 
found  to  perform  rotations  round  their  axes,  which 
will  produce  a  similar  revolution  of  day  and  night, 
as  in  our  world,  though  in  dilTereut  periods  of 
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time,  some  of  the  planets  finishing  the  periods  of 
their  rotation  in  about  ten  hours,  some  in  ten  and 
a  liall',  and  otiiers  in  twenty-three  hours. 

As  to  tlie  vicissitudes  of  tlie  seasons — this    is 


sents  the  earth  in  four  different  positions  in  its 
orbit,  the  central  figure  re|)resenting  tiie  sun.  It 
is  known  from  observation  that  the  axis  of  the 
earth  is  always  directed  to  very  nearly  the  same 


owing  to  the  inclination  of  the  earth's  axis  to  the  j  fixed  point  in  the  Jieavens,  and   tjierefore  it  will 


plane  of  its  oibit.  If  the  axis  of  the  earth  stood 
perpendicular  to  the  plane  of  its  orbit,  there  would 
be  no  variety  in  the  length  of  days  and  nights; 
but  they  would  of  course  be  equal  all  over  the 
globe,  except  at  the  poles,  where  the  sun  would 
neither  rise  nor  set,  but  remain  continually  in  the 
horizon,  a;<  he  is  see-n  at  present  in  that  position 
on  the  21st  of  March  and  the  23d  of  September, 
at  the  north  and  south  poles.  This  inclination  is 
23)o  degrees  from  the  perpendicular,  which  makes 
an  angle  with  the  earth's  orbit,  or  the  ecliptic,  of 
66^2  <iegrees.  The  axis  of  the  earth  always  kee))s 
parallel  to  itself,  in  its  motion  round  the  sun,  and 
points  exactly  to  the  same  part  of  the  heavens. 
This  may  appear  somewhat  strange,  since  the  orbit 
of  the  earth  is  190  millions  of  miles  in  diameter; 
but  this  extent,  however  great,  is  only  as  a  point 
when  compared  with  the  immense  distance  of 
the  fixed  stars — the  nearest  of  which  is  at  least 
more  than  two  hundred  thousand  times  farther 
from  us  than  we  are  from  the  sun.  If  we  look 
along  two  parallel  rods,  four  or  five  yards  distant 
from  each  other,  they  will  both  seem  to  point  di- 
rectly to  t!ie  moon  when  in  the  horizon,  though  at 
such  a  distance  from  each  other,  although  they 
would  not  both  point  to  the  same  object  placed  at 
a  short  distance.  And  perhaps  four  or  five  yards 
bear  as  great  a  proportion  to  the  distance  of  the 
moon  as  190  millions  of  miles  bear  to  the  distance 
of  the  stars. 

The  subject  of  the  seasons  may  be  illustrated 
by  the  following  diagram,  fig.  6'J,  which  repre- 


constantly  preserve  the  same  posi;ion,  in  whatever 
part  of  its  orbit  the  earth  may  happen  to  be  in  its 
circuit  round  the  sun,  an  may  be  seen  in  the 
figures  here  represented.  Let  us  now  suppose  the 
earth  to  be  in  the  situation  rcjjresented  at  March, 
or  at  N,  at  the  higher  part  of  the  diagram,  A 
right  line  joining  the  centers  of  the  eartli  and  sun 
will  cut  the  surface  of  the  earth  in  the  equator, 
and  the  boundary  between  light  and  darkness  will 
pass  through  the  two  poles,  and  the  days  and 
nights  will  consequently  be  equal  throughout  the 
whole  earth,  except  at  the  poles,  which  are  in  the 
boundary  of  light  and  darkness.  But  when  the 
earth,  in  its  annual  course,  is  carried  along  the 
fourth  part  of  its  orbit  to  its  position,  as  repre- 
sented in  June,  toward  the  left  hand  of  the  figure, 
the  north  pole  of  the  axis  still  continuing  to  point 
in  the  same  direction,  will  advance  into  the  en- 
lightened hemisphere,  and  will  be  23  degrees  and 
a  half  from  the  boundary  between  light  and  dark- 
ness, and  the  south  pole  at  the  same  distance 
within  the  dark  hemisphere.  It  is  evident  that, 
in  this  position,  the  earth  may  turn  round  its  axis 
a  considerable  number  of  times,  and  yet  no  placec 
around  the  poles  be  within  the  boundary  of  dark- 
ness. And  if  the  earth  were  to  contnuie  in  this 
part  of  its  orbit,  the  sun  would'  never  set  to  the 
inhabitants  near  the  north  pole,  nor  rise  to  those 
near  the  south.  At  the  equator  it  would  be 
always  equal  day  and  night;  and  in  all  places 
north  of  tlie  equator  their  days  would  be  loncrer 
and  their  nights   shorter  in  proportion   to  their 


Fig.  60. 
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taearn«ss  to  the  arctic  or  north  polar  circle,  while 
those  on  the  south  side  of  the  equator  would  have 
their  nights  longer  than  their  days. 

But  as  the  earth  moves  forward  in  its  orbit  to- 
ward September,  represented  in  the  lower  part  of 
the  cut,  the  north  pole  will  gradually  approach 
the  boundary  between  light  and  darkness,  which 
boundary  will  again  pass  through  both  poles  on 
the  23d  of  Sf^ptember;  the  days  will  gradually 
shorten  until  it  arrive  at  this  point,  and  day  and 
night  over  the  globe  v/ill  be  then  equal  as  before. 
This  is  called  the  autumnai  equinox,  and  this  sea- 


son is  a  kind  of  medium  between  summer  and 
winter.  As  the  earth  proceeds  through  the  other 
quarter  of  its  orbit,  the  days  will  still  shorten 
until  December  21st;  when  the  north  pole  of  the 
earth  will  be  just  as  far  in  the  dark  ln:ii;i-|)here, 
as  it  was  in  the  enlightened  one  on  the  2lst  of 
June.  This  position  of  the  earth,  represented  at 
the  right-hand  side  of  the  cut,  is  called  the  winter 
solstice.  From  this  period  to  the  vernal  equinox 
in  March,  the  days  gradually  lengthen  as  the  north 
pole  again  approaches  the  boundary  between  light 
and  darkness;  and  when  the  earth  arrives  at  that 
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point,  the  circle  of  the  year  and  of  the  seasons  is 
completed.  From  the  description  now  given  it 
will  evidently  appear  that  the  inhahitants  of  tiie 
southern  regions  of  our  globe  have  the  same  va- 
riety of  seasons  which  we  enjoy,  but  in  a  reverse 
order.  Wlien  it  is  summer  in  southern  climes,  it 
is  winter  with  us;  and  when  it  is  spring  with  us, 
it  is  autumn  in  the  southern  regions. 

The  different  signs  of  the  zodiac  through  which 
the  earth,  or  the  sun,  passes  in  the  course  of  the 
annual  revolution  are  depicted  in  their  several 
characters,  in  the  outer  circle  of  the  diagram. 
They  are  as  follows: — beginning  at  the  bottom, 
at  September,  and  proceeding  toward  the  right 
hand,  Aries,  Taurus,  Geiiiini,  Cancer,  Leo,  Virgo, 
Libra,  Scorpio,  Sagittarius,  Capricornus,  Aqua- 
rius, Pisces.     These  are  the  names  of  the  twelve 


by  the  return  of  heat  in  the  short  day«,  by  reison 
of  which  the  cold  will  be  increased  until  the  days 
sensiijly  lengthen.  On  the  other  hand,  the  greater 
length  of  the  day  contributes  to  augment  the 
heat  in  summer;  for  the  earth  and  air  are  heated 
by  the  sun  in  the  d;iy-tiine  more  than  they  can  be 
cooled  in  the  night,  and  on  this  account  the  heat 
will  go  on  increasing  in  summer,  until  the  days 
sensibly  decline.  In  summer,  too,  the  sun  rises 
to  a  high  altitude,  and  his  rays  pass  through  a 
much  less  portion  of  the  atmosphere,  and  are  less 
refracted  and  weakened  by  it  than  when  they  fall 
more  obliquely  on  the  earth,  and  puss  through  the 
dense  vapors  near  the  horizon.  ilence  it  is,  that 
it  is  colder  near  the  time  of  sunset,  and  a  little 
after  sunrise,  than  when  the  sun  is  near  his  me- 
ridian altitude.     It  is  owing  to  these  and  similar 


constellations  through  which  the  sun  apparently  !  circumstances  that  the  hottest  and  coldest  seasons 
passes  in  the  course  of  a  year.  Li  March,  the  of  the  year  are  not  about  the  time  of  the  longest 
real  place  of  the  earth  is  Libra,  and  consequently  I  and  shortest  days,  but  generally  about  a  month 
the  sun  ■Cpill  appear  in  the  opposite  sign  in  Aries,  I  after  these  periods.  For  a  body  once  heated  does 
and  be  vertical  to  the  equator.    Li  June,  the  earth  !  not  grow  cold  instantaneously,  but  gradually;  and 


is  in  Capricorn  and  the  sun  in  Cancer,  when  he 
is  vertical  to  those  who  live  under  the  tropic  of 
Cancer.  Li  September,  the  earth  is  in  Aries  and 
the  sun  in  Libra,  when  he  is  again  vertical  to  the 
equator.  In  December,  the  earth  is  in  Cancer 
and  the  sun  in  Capricorn,  when  he  is  vertical  to 
those  living  under  the  tropic  of  Capricorn;  as  the 
inhabitants  of  South  Africa  and  the  central  parts 
of  New  Holland.  The  explanations  now  given 
of  the  seasons  would,  perhaps,  appear  more  per- 
epicnous  to  the  astronomical  tyro,  were  they  to 
be  illustrated  by  an  orrery,  a  tellurion,  or  any 
other  instrument  calculated  to  elucidate  the  subject. 
In  the  northern  part  of  the  globe,  where  we 
reside,  our  summer  is  nearly  eight  days  longer 
than  our  winter.  By  summer,  we  understand 
the  time  wliich  elapses  between  the  21st  of  March 
and  the  2.'M  of  September;  and  by  winter,  the 
time  between  the  23d  of  .September  and  the  21st 
of  March;  or  the  period  between  the  autumnal 
and  vernal  equinoxes.  In  the  former  case  the 
earth  passes  through  184  degrees  of  its  orbit, 
which  occupies  186  days,  11  hours;  in  the  latter 
case  it  passes  through  only  176  degrees,  which  is 
performed  in  178  days,  18  hours.  The  reason  of 
this  difference  is,  that  the  earth  moves  in  an 
'  elliptical  orbit,  one  portion  of  which  is  nearer  the 
sun  than  another;  in  consequence  of  which  the 
sun's  apparent  motion  is  slower  when  in  the 
nortliern  signs  than  while  it  traverses  the  south- 
ern ones.  This  orbit  is  more  than  three  millions 
of  miles  longer  in  one  direction  than  it  is  in  an- 
other; consequently,  the  sun  is  farther  from  us  at 
one  season  than  he  is  at  another.  On  the  1st  of 
January  he  is  three  millions  of  miles  nearer  us 


so  long  as  more  heat  comes  from  the  sun  in  tiie  day 
than  is  lost  in  the  night,  the  heat  will  gradually 
increase  until  it  comes  to.  a  certain  maximum, 
when  the  increasing  length  of  the  night  will 
cause  it  to  diminish. 

The  subject  of  the  seasons  has  been  a  favorite 
theme  to  poets  as  well  as  to  philosophers;  and 
they  have  frequently  expatiated  on  tlie  beauties 
and  the  beneficent  designs  connected  with  the 
varying  aspects  of  the  revolving  year.  And  it 
must  be  admitted  that,  in  the  present  constitution 
of  otir  globe,  and  in  the  present  moral  state  of 
the  human  race,  there  are  many  advantages  en- 
joyed, and  much  of  the  Divine  goodness  is  dis- 
played in  every  one  of  the  seasons  as  they  suc- 
cessively appear,  which  brings  along  with  it  its 
peculiar  beauties,  pleasures,  and  enjoyments.  But 
the  earth,  with  the  seasons  as  they  now  "roll," 
can  scarcely  be  considered  as  an  abode  suited  to 
an  innocent  creature  that  has  retained  its  original 
purity  and  integrity; — the  burning  heats  in  sum- 
mer, which  are  felt  in  the  southern  climes,  the 
whirlwinds,  tornadoes,  inundations,  thunders  and 
lightnings,  with  which  they  are  frequently  ac- 
companied; and  the  frosts  and  snows,  storms  and 
tempests,  and  insufferable  cold  which  are  felt  in 
winter  in  different  parts  of  the  temperate  climates, 
and  in  the  polar  regions — seem  to  he  accommo- 
dated only  to  brings  who  are  involved  in  guilt 
and  tainted  with  moral  depravity;  and,  therefore, 
we  have  no  reason  to  believe  that  the  seasons,  as 
they  now  exist,  would  have  presented  the  same 
aspects,  or  operated  in  the  same  manner,  had 
man  remained  in  liis  primeval  innocence  and 
allegiance  to  his  Maker.     A  great  change  seems 


than  on  the  1st  of  July,  which  is  ascertained  from  to  have  taken  place  in  this  and  other  respects 
the  difference  of  his  apparent  diameter  at  those  ,  at  the  period  of  the  universal  deluge,  when  the 
seasons.  On  the  1st  of  January  his  apparent  "fountains  of  the  great  deep "  were  broken  up, 
diameter  is  32  minutes,  35  seconds,  whereas,  on  '  the  catnracts  of  heaven  opened,  and  the  solid 
the  1st  of  July,  he  is  only  31  minutes,  31  seconds,  [  strata  of  the  earth  scattered  and  disrupted:  then, 


— being  a  difference  of  1  minute  of  a  degree  and 
4  seconds. 

Here  a  question  will  naturally  occur, — Why 
have  we  the  coldest  weather  when  the  sun  is 
nearest  us,  and  the  hottest  when  he  is  farthest 
distant?  This  is  owing  to  various  causes;  the 
principal  of  which  is,  that  the  sun's  rays  in  win 


11  probability,  the  constitution  of  the  atmo- 
sphere likewise  underwent  an  extensive  change 
as  to  its  composition  and  projierties,  which  is 
partly  the  cause  of  some  of  those  storms  and 
tempests  and  other  phenomena  which  arise  in  the 
course  of  the  revolution  of  the  seasons.  But, 
even  in   the   present   state    of    nature,   we    have 

dis- 


ier  full  so  obliquely  upon  us,  and  have  so  large  a  reason  to  be  grateful  to  God,  that  in  all  h 
portion  of  the  atmosphere  to  pass  through,  tiiat  pen.sations  toward  his  creatures  "he  remembers 
they  come  with  less  force,  and  spread  over  a  ,  for  us  mercy  in  the  midst  of  deserved  judgment" 
larger  space  than  they  do  in  the  summer,  when  !  — that  while  hurricanes,  tempt.sts,  and  carth- 
the  sun  is  at  a  greater  hight  above  the  horizon,  j  quakes  sometimes  produce  dreadful  devastations, 
Beside,  in  the  long  nights  of  winter,  we  have  a  j  and  sweep  away  multitudes  of  human  beings 
greater  degree  of  cold  than  can  be  compensated  i  from  the  living  world,  "his  tender  mercies"  may 


THE  SEASONS. 


79 


be  said,  on  the  whole,  to  be  diiFused  "  over  all  his 
works;"  for  every  season  of  the  year  brings  along 
with  it  its  own  peculiar  enjoyments,  in  a  thousand 
different  ways;  and  man,  even  in  his  present  con- 
dition, n)igiit  be  a  comparatively  happy  being, 
were  his  tlioughts  and  affections,  his  temper  and 
actions,  regulated  hy  the  principles  and  jireccpts 
of  Ciiristianity  and  the  moral  laws  of  his  Creator. 
The  evil  passions  and  depraved  affections  which 
prevail  among  mankind,  are  far  more  destructive 
to  human  happiness  than  all  the  storms  and  temp- 
ests, thunders  and  lightnings,  earthquakes  and 
volcanoes,  that  rage  throughout  the  seasons  and 
convulse  the  elements  of  nature. 

The  present  state  of  man  on  earth,  in  the  midst 
of  the  circling  seasons,  appears  to  be  adapted  only 
to  a  being  who  has  but  a  short  time  to  remain  in 
this  terrestrial  sphere;  whose  aim  ought  to  be  to 
aspire  after  a  nobler  scene  of  existence — to  enter 
in  the  prescribed  path  to  this  happier  state,  by 
believing  in  the  name  of  the  only  begotten  Son  of 
God,  who  is  "  the  Way,  the  Truth,  and  the  Life  " 
— and  by  cultivating,  with  vigilance  and  caution, 
those  heavenly  tempers  and  Divine  virtues  which 
will  prepare  him  for  the  employments  of  an  im- 
mortal existence.  As  the  engagements  of  life 
and  religion  are  such  as  human  nature  does  not 
always  willingly  perform,  and  is  apt  to  postpone 
them  to  what  it  considers  a  more  convenient  sea- 
son— the  vicissitudes  of  the  seasons,  and  other 
arrangements  in  nature,  have  a  tendency  to  sti- 
mulate us  in  the  performance  of  present  duty. 
Whatever  we  behold  in  the  economy  of  nature 
around  us,  reminds  us  of  the  lapse  of  time  and 
th«  flux  of  mortal  existence.  The  day  and  night 
regularly  succeed  each  other,  and  remind  us  that 
a  certain  portion  of  duration  has  fled.  The  sun 
appears  in  the  eastern  horizon;  he  soon  attains  his 
meridian  altitude,  then  declines,  and  in  a  few 
hours  sets  in  the  west; — the  stars  in  their  courses 
mark  the  lapse  of  our  fleeting  moments; — the 
moon  does  the  same  every  night,  by  changing  its 
form;  and  the  revolution  of  the  seasons  diversi- 
fies the  year,  and  shows  how  large  a  portion  of 
human  life  glides  silently  away.  If  the  wheel 
of  life  passed  on  in  undistinguishable  uniformity, 
we  should  scarcely  be  able  to  mark  its  approaches 
to  the  end  of  the  course.  If  one  hour  were  uni- 
formly like  another — if  the  diurnal  motion  of  the 


sun  did  not  sliow  that  another  day  is  on  the  wing 
— if  the  circling  seasons  did  not  impress  us  with 
the  flight  of  another  year — quantities  of  duration, 
equal  to  days,  months,  and  years,  might  glide 
away  without  being  observed,  and  wiXliout  im- 
provement. But  the  course  of  time,  marked  out 
by  so  many  movements,  objects  and  circumstances, 
continually  reminds  us  of  %vhat  progress  we  have 
made  in  gliding  down  the  stream  of  life  toward 
the  ocean  of  eternit)'!  and  admonishes  eich  of 
us  by  its  rapiility  "Whatsoever  thy  hand  tin  Jeth  to 
do,  do  it  with  thy  might,"  since  the  day  rolls  on, 
and  "the  night  cometh,  when  no  man  can  work." 
In  fine,  the  several  divisions  of  the  seasons  have 
been  considered  as  bearing  a  striking  analogy  to 
the  course  of  human  existence.  Spring  has  been 
represented  as  the  youth  of  the  year,  the  season 
of  pi 'asing  hope,  blooming  beauty,  and  lovely 
energy.  Summer  has  been  likened  to  perfect 
manhood,  the  season  of  confirmed  strength,  and 
persevering  vigor.  Autumn  has  been  compared 
to  that  period  when  man  is  mellowed  by  age  and 
brings  forth  the  fruits  of  wisdom  and  experience 
And  cheerless  Winter  has  been  termed  the  de- 
crepit and  hoary  old  age  of  the  year.  If  a  day  be 
considered  as  an  image  of  a  year,  and  the  year  as 
a  representation  of  human  life — then  the  morn- 
ing answers  to  spring,  and  the  spring  to  child- 
hood and  youth;  the  noon  corresponds  to  sum- 
mer, and.  the  summer  to  manhood.  The  evening 
is  an  emblem  of  autumn,  an  autumn  of  declining 
life;  the  night  is  an  emblem  of  winter,  in  which 
the  powers  of  vegetation  are  benumbed, — and 
winter  points  out  the  time  when  life  shall  cease, 
with  all  its  hopes  and  joys.  With  such  views, 
Thomson,  the  poet  of  the  "  Seasons,"  closes  his 
description  of  Winter: 

■  Behold,  fond  man  ! 


See  here  thy  pictured  life  :  pass  some  few  years, 

Thy  flowering  Spring,  thy  Summer's  ardent  strengthi 

Thy  sober  Autumn  failing  into  age. 

And  pale  concluding  Winter  comes  at  last, 

And  shuts  the  scene.     Ah  !  whither  now  are  fled 

Those  dreams  of  greatness?  those  nnsolid  hopes 

Of  happiness'!  those  longings  after  fame? 

Those  restless  cares,  those  busy  bustling  days? 

Those  gay-spent  festive  nights  ?  those  veering  thoQgbt* 

Lost  between  good  and  ill  that  shared  thy  life  t 

All  now  are  vanished  !     Religion  sole  survives, 

Immortal,  never-failing  friend  of  man. 

His  guide  to  happiness  on  high  ! 


CHAPTER    VIII. 

REFLECTIONS,    MORAL    AND     RELIGIOUS,    IN    REFERENCE    TO     THE    SOLAR 

SYSTEM. 


Without  entering  at  present  on  the  considera- 
tion of  any  other  topics  connected  with  astro- 
nomical science,  we  shall  conclude  the  present 
work  with  a  few  reflections,  suggested  by  the 
subject  we  have  endeavored  to  illustrate  in  the 
preceding  pages. 

The  science  of  astronomy  presents  to  our  view 
objects  which  are  calculated  to  raise  our  admira- 
tion, and  to  excite  the  soul  to  solemn  reflection, 
and  elevated  contemplations.  When  we  take  but 
a  cursory  view  of  the  nocturnal  heavens,  in  a 
clear  and  serene  evening,  we  are  almost  irresisti- 
bly overpcwered  with  emotions  of  wonder  and 
awe,  at  the  amazing  grandeur  of  the  vast  canopy 
around  us,  and  the  number  of  the  brilliamt  orbs 
which  shed  their  radiance  upon  us  from  afar."' 


But  when,  with  the  eye  of  the  intellect,  assisted 
by  the  telescope  and  the  discoveries  of  science, 
we  endeavor  to  traverse  the  immense  spaces 
above  us,  and  to  survey  the  number,  the  inagni- 
tude,  the  distances,  and  the  rapid  motions  of  tlie 
globes  dispersed  throughout  the  regions  of  im- 
mensity, we  are  completely  overpowered,  and 
lost  in  astonishment,  at  the  extent  and  grandeur 
of  tho  scene — their  numbers  cannot  be  told;  their 
magnitude  cannot  be  conceived;  their  distances 
are  beyond  human  calculation  and  comprehen- 
sion; and  the  amazing  velocity  with  wiiich  they 
fly  through  the  regions  of  space  is  confounding 
and  almost  terrifying  to  the  imagination.  Mil- 
lions upon  millions  of  those  magnificent  globes 
have  been  running  their  ample  rounds  for  thou- 
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sands  of  years,  and  will,  doubtless  continue 
their  courses,  though  amidst  numerous  changi-s, 
throughout  all  tiie  revolutions  of  eternity.  The 
immense  forces  with  whicli  tli^y  are  imj)elled  in 
their  career;  the  magnificent  circles  they  describe; 
the  beautiful  order  in  which  they  are  arranged; 
the  regularity  and  harmony  of  their  movements; 
and  the  noble  and  important  ends  to  wliich  they 
are  destined,  proclaim,  iu  language  not  to  be  mis- 
taken, that  "  the  hand  that  made  ihem  is  Divine;" 
and,  therefore,  that  they  ought  to  be  studied,  and 
contemplated  with  pious  emotion,  by  every  ra- 
tional and  religious  mind  : 

"  Come  forth,  O  man  '.  yon  aznre  round  snn-ey. 
Anil  view  those  lamps  which  yield  eternal  day. 
lirinj  forth  thy  glasses;  clear  ihy  wondering  eyes; 
Millions  beyond  the  former  millions  rise; 
Look  further; — millions  more  blaze  from  yonder  skies." 

Who  can  look  up  to  the  midnight  sky,  and  be- 
hold its  rolling  wonders,  without  being  struck 
with  astonishment  at  the  idea  of  that  great  Being, 
who  formed  such  vast  and  magnificent  works? 
"Canst  thou  by  searching  find  out  God?  canst 
thou  find  out  the  Almighty  unto  perfection?" 
There  is  a  length  and  a  breadth,  a  hight  and  a 
depth,  in  the  perfections  of  the  Divinity,  which 
finite  intelligences  will  never  be  able  fully  to  com- 
prehend. Vast  and  magnificent  as  the  structure 
of  the  starry  heavens  is,  it  was  produced  without 
materials — it  emerged  out  of  nothing.  The  voice 
of  the  Eternal  "spake,  and  it  was  done."  "He 
commanded,"  and  the  orbs  of  the  firmament 
started  into  being.  "  Let  there  be  light :  and 
there  was  light."  "By  the  word  of  the  Lord 
were  the  h.eavens  made;  and  all  the  host  of  them 
by  the  breath  of  his  mouth."  Our  admiration  of 
such  wonderful  works  should  lead  us  to  humble 
ourselves  in  his  august  presence,  and  to  reverence 
and  adore  him  as  the  uncreated  source  of  all  feli- 
city. "Let  all  the  earth  fear  the  Lord;  let  all 
the  inhabitants  of  the  world  stand  in  awe  of  him." 
But  as  we  have  not  yet  taken  a  sui-vey  of  the 
starry  heavens,  and  the  wonderful  scenes  which 
they  disclose,  we  shall  chiefly  confine  our  present 
reflections  to  the  objects  connected  with  the 
planetary  system,  of  which  we  have  given  a  brief 
sketch  in  the  preceding  pages. 

Li  the  first  place,  when  we  contemplate  the 
grand  machinery  of  the  solar  system,  we  are  pre- 
sented with  a  striking  display  of  the  Almighty 
power  of  Him  who  formed  it.  It  presents  to  our 
view  objects  of  overpowering  magnitude  and 
grandeur — planetary  globes,  a  thousand  times 
larger  than  the  earth;  and  magnificent  rings, 
which  would  reach  nearly  from  the  earth  to  the 
moon,  and  which  would  enclose  within  their  vast 
circumference  four  hundred  worlds  as  large  as  that 
on  which  we  dwell.  It  exhibits  a  sun  more  than 
twelve  hundred  thousand  times  larger  than-  our 
earthly  ball,  and  five  hundred  times  larger  than 
all  the  planets,  their  satellites  and  rings,  taken  to- 
gether, even  although  hundreds  of  comets  were 
also  included;  and  this  sun  extending  its  influ- 
ence to  bodies  a  thousand  millions  of  miles  dis- 
tant, enlightening  them  by  his  beams,  and  retain- 
ing them  in  their  orbits  by  his  attractive  influence. 
It  presents  before  us  motions,  so  astonishing  as  to 
overpower  all  our  faculties — bodies,  a  thousand 
times  larger  than  our  globe,  flying  with  a  velocity  j 
of  thirty  thousand  miles  every  hour,  carrying  I 
along  with  them  a  retinue  of  revolving  worlds,  ' 
and  continuing  their  rapid  career,  without  a  mo-  ; 
ment's  intermission,  for  thousands  of  years — nay,  ! 
motions  at  the  rate  of  eight  hundred  thousand  j 
miles  an  hour  have  been  perceived  among  some  ; 
of  the  bodies  connected  with  the  solar  system.        I 


What  a  striking  display  do  such  objects  presem 
of  the  power  and  grandeur  of  Omnipotence,  so 
frequently  celebrated  by  the  inspired  writers. 
"  Great  is  our  Lord,  and  of  great  power:  his  un- 
derstanding is  infinite;  his  greatness  is  unsearcha- 
ble;" wonderful  works  doth  He,  which  we  can- 
not comprehend.  "  Who  is  a  strong  Lord  like 
unto  thee?  Who  in  heaven  can  be  compared 
unto  the  Lord?  Who  among  the  sous  of  thb 
mighty  can  be  likened  unto  the  Lord?"  We  are 
sometimes  apt  to  be  dazzled  with  the  splendor  of 
riches,  and  to  admire,  in  the  palaces  of  the  great, 
the  magnificence  of  the  furniture,  the  beauty  of 
the  apartments,  and  the  profusion  of  gold  and  sil- 
ver ornaments  that  appears  on  every  side.  We 
are  apt  to  reverence  mighty  potentates,  when 
they  bear  rule  over  multitudes  of  subjects,  and 
exercise  their  sway  over  extensive  countries.  We 
judge  of  the  greatness  of  men  by  their  actions, 
when  they  build  spacious  cities,  and  erect  splen- 
did palaces  and  temples;  when  they  construct 
steam-engines  and  carriages,  and  impel  them  for- 
ward with  a  motion  of  fifty  miles  an  hour.  But, 
what  are  all  the  powers  and  energies  of  man,  as  dis- 
played in  his  noblest  achievements,  compared  with 
the  magnificence  and  energies  displayed  through- 
out the  planetary  system?  What  are  a  few  citios, 
palaces,  and  temples,  compared  with  the  grandeur 
and  extent  of  mighty  worlds?  What  is  a  small 
corner  of  thia  earth,  compared  with  the  expansive 
range  over  which  the  sun  extends  his  influence? 
What  is  the  motion  of  a  small  engine,  even  at 
fifty  miles  an  hour,  compared  with  tlie  motion  of 
a  globe  ten  thousand  miles  in  circumference, 
flying  at  the  rate  of  a  hundred  tltousand  miles  an 
hour?  All  human  art,  power,  and  grandeur 
must  hide  their  diminished  heads  in  the  presence 
of  Him  who  is  the  former  and  governor  of  spa- 
cious worlds.  As  the  splendor  of  the  stars  is  ab- 
sorbed by  the  raj's  of  the  sun,  so  all  the  grandeur, 
power,  and  splendor  of  this  world  and  its  inhabi- 
tants vanish  before  the  presence  of  Him  who  is 
"  the  King  Eternal,  Immortal,  and  Invisible,"  and 
before  whom  "all  nations  are  accounted  as  no- 
fhing,  and  less  than  nothing  and  vanity."  And, 
if  such  power  is  displayed  in  one  sun,  and  one 
system  of  revolving  worlds,  how  great  beyond  con- 
ception the  effects  of  that  Almighty  energy  which 
has  brought  into  existence  thousands  and  millions 
of  other  suns  and  systems,  and  dispersed  them  in 
countless  numbers  throughout  the  illimitable  tracts 
of  space!  "Who  can  utter  the  mighty  acts  of  the 
Lord?" — "Great  and  msirvelous  are  thy  works. 
Lord  God  Almighty!" 

This  attribute  of  the  Almighty,  so  conspicu- 
ously displayed  in  the  heuvens,  lays  a  sure  foun- 
dation for  the  faith  and  hope  and  comfort  of  the 
Christian,  amidst  all  the  perplexities  and  afllictions 
to  which  he  is  subjected  in  the  present  state. 
For  it  assures  him  that  whatever  Jehovah  has 
promised,  "he  is  able  also  to  perform."  The 
promises  addressed  to  us  by  a  wise  and  benevolent 
Being  can  excite  in  us  hope  and  dependence,  only 
in  so  far  as  we  are  convinced  of  his  po-^*-  iv>  se- 
cure their  accomplishment.  If  omnipoteuLF  wer« 
not  an  attribute  of  the  Divine  Being,  or  were  wo 
unable  to  trace  its  operations  in  existing  facts,  we 
could  have  no  rational  dependence  on  his  promises 
and  declarations  in  regard  to  objects  which  are 
unseen  and  eternal,  and  which  lie  beyond  the 
limits  of  human  comprehension.  But  when  we 
behold,  in  the  arrangements  of  this  lower  world, 
and  in  the  solar  system,  a  display  of  omnipotent 
energy  in  incessant  operation,  far  beyond  the 
grasp  of  our  limited  faculties,  we  plainly  perceive 
that  there  is  not  a  promise  recorded   in  Divine 
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revelation,  nor  a  future  fact  declared,  but  is  witli- 
in  the  power  cf  Jehovah  h  lly  to  accomplish  and 
realize.  "He  doeth  according  to  his  will  in  the 
army  of  heaven,  and  among  the  inhabitants  of  the 
earth :  and  none  can  stay  his  hand,  or  say  unto 
him.  What  doest  thou  ?"  Should  atfliclions  as- 
sail us,  he  is  able  to  comfort  and  support.  Should 
calamities  befall  us,  or  dangers  surround  us,  he  is 
able  to  deliver.  Should  death  stare  us  in  the  face, 
and  heart  and  flesh  begin  to  faint  and  fuil,  he  is 
able  to  transport  our  spirits  to  a  nobler  scene  of 
existence,  and  to  re-animate  our  mortal  frames  at 
the  resurrection  of  the  just.  Happy,  then,  is  the 
man  who  hath  tiiis  eternal  God  for  his  refuge, 
"  whose  hope  is  in  the  Lord  his  God  :  which  made 
heaven  and  earth,  the  sea,  and  all  that  therein  is  : 
which  keepeth  truth  forever."  For  He  "  is  able 
to  do  exceeding  abundantly  above  all  that  we  can 
ask  or  think,"  "  according  to  the  working  of  his 
mighty  power,  which  he  wrought  in  Christ,  vvhen 
he  raised  him  from  the  dead,  and  set  him  at  his 
own  right  hand  in  the  heavenly  place." 

2.  The  arrangements  of  the  solar  system  display 
the  wisdom  and  benevolence  of  its  Creator.  Were 
it  possible  to  conceive  a  being  possessed  of  such 
power  as  the  planetary  system  displays,  but  de- 
void of  wisdom  and  goodness,  such  a  being  would 
be  the  most  terrible  object  which  the  human  mind 
could  contemplate.  Power  acting  at  random, 
without  regard  to  the  happiness  of  intellectual 
beings,  could  only  produce  terror  and  apprehen- 
sion throughout  the  intelligent  universe,  uncer- 
tain whether  or  not  its  energies  might  be  exerted 
for  the  purpose  of  promoting  misery  and  destruc- 
tion. But  the  attribute  of  omnipotence,  when 
conjoined  with  infinite  wisdom  and  boundless  be- 
nevolence, conveys  an  idea  the  most  glorious  and 
transporting;  and  these  perfections  are  conspicu- 
ously displayed  throughout  all  the  works  of  God. 
His  wisdom  is  illustriously  displayed  in  the  ar- 
rangements of  the  planetary  system,  in  placing 
near  the  center  of  this  system  that  immense  lumi- 
nary, the  sun,  from  whence  light  and  heat  might 
be  distributed  in  due  proportions  to  all  the  worlds 
that  roll  around  it — in  nicely  proportionating  the 
motions  and  distances  of  all  the  planets,  primary 
and  secondary — in  uniting  them  in  one  harmo- 
nious system  by  one  grand  and  universal  law, 
which  prevents  them  from  flying  off  in  wild  con- 
fusion through  the  infinity  of  space — in  nicely 
adjusting  the  projectile  velocity  to  the  sun's  at- 
tractive power,  so  as  to  produce  harmony  of  mo- 
tion, and  to  prevent  the  planets,  on  the  one  hand, 
from  rushing  forward  to  the  sun,  and  on  the  other, 
from  flying  off"  in  a  tangent  through  the  regions 
of  immensity — in  the  constancy  and  regularity 
of  their  motions,  no  one  interfering  with  another 
or  deviating  from  the  course  prescribed — in  the 
exactness  with  which  they  run  their  destined 
rounds,  finishing  their  circuits  with  so  much  ac- 
curacy as  not  to  deviate  from  their  periods  of 
revolution  the  space  of  a  minute  in  a  hundred 
years — in  the  spherical  figure  given  to  all  these 
mighty  orbs,  and  the  diurnal  motions  impressed 
upon  them,  by  which  a  due  proportion  of  light 
and  heat  is  diffused  over  every  part  of  their  sur- 
faces— and  in  the  wonderful  simplicity  of  the  phy- 
sical laws,  on  which  so  much  beauty,  harmony, 
and  order  depend.  In  all  these  and  many  other 
respects,  the  planetary  system  presents  a  display 
of  "the  manifold  wisdom  of  God." 

The  benevolence  of  the  Deity  is  likewise  mani- 
fested throughout  this  system,  in  ordei'ing  all  the 
movements  and  arrangements  of  the  planetary 
globes,  so  as  to  act  in  subserviency  to  the  coml'ort 
and   happiness  of  sentient  and  intejliffcut  beings. 
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For  the  wisdom  of  God  is  never  employed  in  de- 
vising means  without  an  end  :  and  the  grand  end 
of  all  his  arrangements,  so  far  as  our  views  ex- 
tend, is  the  conmiunication  of  happiness;  and  it 
would  be  inconsistent  with  the  wisdom  and  other 
perfections  of  God  not  to  admit  that  the  same  end 
is  kept  in  view  in  every  part  of  his  dominions, 
however  far  removed  from  the  sphere  of  our  ob- 
servation. We  cannot,  indeed,  explore  the  mi- 
nute displays  of  Divine  goodness  in  the  distant 
regions  of  the  planetary  system,  but  we  perceive 
certain  general  arrangements  which  clearly  indi- 
cate that  the  happiness  of  intellectual  natures  is 
one  of  the  grand  ends  of  the  Divine  administra- 
tion. For  example — light  is  essential  to  the  com- 
fort and  happiness  of  all  living  beings.  Its  rays 
illumine  the  vast  expanse  of  the  heavens,  and  un- 
vail  all  the  beauties  and  sublimities  of  creation 
arouiid  us.  Without  its  influence  the  universe 
would  be  transformed  into  a  desert,  and  happiness, 
even  in  the  lowest  degree,  could  scarcely  be  en- 
joyed by  any  sentient  or  perceptive  existence. 
Now  we  find,  in  the  arrangements  of  the  solar 
system,  that  ample  provision  has  been  made  for 
diflusing  light  in  all  its  varieties  over  every  planet 
and  satellite  belonging  to  this  system.  All  the 
planets  revolve  round  their  axes,  in  order  that 
everj^  part  of  their  surfaces  may  enjoy  a  due  pro- 
portion of  the  solar  rays  :  around  the  more  distant 
planets,  an  assemblage  of  moons  has  been  ar- 
ranged to  throw  light  upon  their  surfaces  in  the 
absence  of  the  sun.  And  while  the  satellites  per- 
form this  office,  the  primary  planets  reflect  a  still 
greater  quantity  of  light  upon  the  surface  of  the 
satellites  :  and  one  of  these  planets  is  invested 
with  a  splendid  double  ring,  of  vast  dimensions, 
to  reflect  the  solar  rays  during  night  both  on  the 
surface  of  the  planet  and  on  the  surface  of  its 
moons;  all  which  arrangements  must  necessarily 
have  a  respect  to  the  enjoyment  of  intellectual 
natures  :  otherwise  they  would  be  means  without 
an  end,  which  would  be  inconsistent  with  the 
wisdom  and  intelligence  of  the  Deity.  If,  then, 
the  happiness  of  various  orders  of  intelligent  be- 
ings was  intended  to  be  promoted  by  such  adapta- 
tions and  arrangements,  we  have  here  presented 
to  our  view  a  most  glorious  display  of  the  expan- 
sive benevolence  of  that  almighty  Being  who  "is 
good  to  all,"  and  whose  "  tender  mercies  are  dif- 
fused over  all  his  works."  If  this  earth  on  which 
we  dwell  "  is  full  of  the  goodness  of  the  Lord,;" 
if  countless  myriads  oif  living  beings,  from  man 
downwi'rd  to  the  minutest  insect,  are  supported 
and  nourished  by  the  Divine  bounty,  how  wide 
and  expansive  must  be  the  emanations  of  that  be- 
neficence which  extends  its  regards  to  worlds  a 
thousand  times  more  extensive  and  populous  than 
ours  I  The  benevolence  of  the  Deity  may  be  saM 
to  constitute  his  whole  moral  character,  and  to 
reflect  a  radiance  on  all  his  other  perfections. 
Hence,  in  the  records  of  inspiration,  the  Divinity 
is  summarily  described  by  this  perfection  alone, 
"  God  is  love  I"  He  is  the  uncreated  source  of  all 
the  happiness  enjoyed  by  every  rank  of  spiritual 
and  perceptive  existence,  from  the  highest  angel 
to  the  worm.  "  0  give  thanks  unto  the  Lord; 
for  he  is  good  :  for  his  mercy  endureth  forever." 
3.  The  survey  we  have  taken  of  the  solar  sys- 
tem has  a  tendency  to  moderate  the  pride  of  man 
and  to  promote  humility.  Pride  is  one  of  the  dis- 
tinguishing characteristics  of  puny  man,  and  has 
been  one  of  the  chief  causes  of  all  the  conten- 
tions, war?;,  devastations,  sysfems  of  slavery,  and 
ambitious  projects  which  have  desolated  and  de- 
moralized our  sinful  world.  Yet  there  is  no  dis- 
position nicre   incongruous  to  the  character  and 
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circumstances  of  man.  Perhaps  there  are  no 
rational  beings  throughout  the  universe  among 
whom  pride  would  appear  more  unseemly,  or  in- 
compatible than  in  man,  considering  the  situation 
in  whicli  he  is  placed.  He  is  exposed  to  numer- 
ous degradations  and  calamities,  to  the  rage  of 
storms  and  tempests,  the  devastations  of  earth- 
quakes and  volcanoes,  the  fury  of  whirlwinds, 
and  the  tempestuous  billows  of  the  ocean,  to  the 
ravages  of  the  sword,  famine,  pestilence,  and  nu- 
merous diseases;  and  at  length  he  must  sink  into 
the  grave,  and  his  body  must  become  the  compan- 
ion of  worms  !  The  most  dignilied  and  haughty 
of  the  sons  of  men  are  liable  to  these  and  similar 
degradations,  as  well  as  the  meanest  of  the  human 
family.  Yet,  in  such  circumstances,  man — that 
puny  worm  of  the  dust,  whose  knowledge  is  so 
limited,  and  whose  follies  are  so  numerous  and 
glaring — has  the  efTrontery  to  strut  in  ail  the 
haughtiness  of  pride,  and  to  glory  in  his  shame. 
When  other  arguments  and  motives  produce 
little  effect  en  certain  minds,  no  considerations 
seem  likely  to  have  a  more  powerful  tendency  to 
counteract  this  deplorable  propensity  in  human 
beings,  than  those  which  are  borrowed  from  the 
objects  connected  with  astronomy.  They  shovp 
us  what  an  insigniiicant  being — what  a  mere 
atom,  indeed,  man  appears  amidst  the  immensity 
of  creation  !  Though  he  is  an  object  of  the  pa- 
ternal care  and  mercy  of  the  Most  High,  yet  he 
is  but  as  a  grain  of  sand  to  the  whole  earth,  when 
compared  to  the  countless  myriads  of  beings  that 
people  the  amplitudes  of  creation.  What  is  the 
whole  of  this  globe  on  which  we  dwell  compared 
with  the  solar  system,  which  contains  a  mass  of 
matter  so  many  millions  of  times  greater  ?  What 
is  it  in  comparison  with  the  hundred  millions  of 
Buns  and  worlds  which,  by  the  telescope,  have 
been  descried  throughout  the  starry  regions  ? 
What,  then,  is  a  kingdom,  a  province,  or  a  baro- 
uial  territory,  of  which  we  are  as  proud  as  if  we 
were  the  lords  of  the  universe,  and  for  which  we 
engage  in  so  much  devastation  and  carnage  ? 
What  are  they,  when  set  in  competition  with  the 
glories  of  the  sky  ?  Could  we  take  our  station 
on  the  lofty  pinnacles  of  heaven  and  look  on  this 
scarcely  distinguishable  speck  of  earth,  we  should 
be  ready  to  e.xclaim  with  Seneca,  "  Is  it  to  this 
little  spot  that  the  great  designs  and  vast  desires 
of  men  are  confined  ?  Is  it  for  this  there  is  so 
much  disturbance  of  nations,  so  much  carnage, 
and  so  many  ruinous  wars  ?  Oh  folly  of  deceived 
men,  to  imagine  great  kingdoms  in  the  compass 
of  an  atom,  to  raise  armies  to  decide  a  point  of 
earth  with  the  sword  I"  Soon  may  the  time  ar- 
rive when  the  prophesy  shall  be  fulfilled  : — 

"The  wolf  shall  dwell  with  the  lamb,  ' 

And  the  leopard  shall  lie  down  with  the  kid; 
And  the  calf  and  the  yoang  lion  and  the  falling  together; 
And  a  little  child  shall  lead  them. 
And  the  cow  and  the  bear  shall  feed; 
Their  young  ones  shall  lie  down  together: 
And  the  lion  shall  eat  straw  like  the  ox. 
And  the  suckling  child  shall  play  on  the  hole  of  the  asp, 
And  the  weaned  child  shall  pat  his  hand  on  the  cockatrice' 

[den. 
They  shall  not  hurt  nor  destroy  in  all  my  holy  mountain: 
For  the  earth  shall  be  full  of  the  knowledge  of  the  Lord, 
As  the  waters  cover  the  sea. 
And  in  that  day  there  shall  be  a  root  of  Jesse, 
Which  shall  stand  for  an  ensign  of  the  people; 
To  it  shall  the  Gentiles  seek: 
And  his  test  sha  '  Uii  glorious." 

ISA.  xi,  6— 10. 

It  is  unworthy  the  dignity  of  an  immortal  mind 
to  have  its  affections  absorbed  in  the  vanishing 
Bplendors  of  earthly  grandeur,  and  to  feel  proud 
of  Die  paltry  possessions  and  distinctions  of  this 


sublunary  scene.  To  foster  a  spirit  of  pride  and 
vain-glory  in  the  presence  of  Him  "  who  sittetU 
on  the  circle  of  the  heavens,"  and  in  the  view  of 
the  overwhelming  grandeur  and  immensity  of  hi» 
works,  is  a  species  of  presumption  and  arrogance, 
of  which  every  rational  mind  ought  to  feel 
ashamed:  and,  therefore,  we  have  reason  to  be- 
lieve, that  those  multitudes  of  fools,  "dressed  in 
a  little  brief  authority,"  who  walk  in  all  the 
loftiness  of  pride,  have  not  yet  considered  the 
rank  they  hold  in  the  scale  of  universal  being — 
and  that  a  serious  and  profound  contemplation 
of  the  immensity  of  creation  would  have  a  ten- 
dency to  convince  us  of  our  ignorance  and  no- 
thingness, and  to  humble  us  in  the  dust  in  the 
presence  of  the  Former  and  Preserver  of  all 
worlds.  We  have  reason  to  believe  that  the  most 
exalted  beings  in  the  universe — those  who  are 
furnished  with  the  most  ca()acious  pov.-ers,  and 
who  have  arrived  at  the  greatest  perfection  in 
knowledge — are  distinguished  by  a  proportional 
share  of  humility;  for  in  proportion  as  they  ad- 
vance in  their  surveys  of  the  universal  kingdom 
of  Jehovah,  the  more  will  they  feel  their  com- 
parative ignorance,  and  be  convinced  of  their 
limited  faculties,  and  of  the  infinity  of  objects 
and  operations  which  lie  beyond  their  ken.  At 
the  same  time,  they  will  feel  that  all  the  facul- 
ties tliey  possess  were  derived  from  Him  who 
is  the  original  Fountain  of  existence,  and  are 
continually  dependent  for  their  exercise  on  his 
sustaining  energy.  Hence  we  find  that  the  an- 
gelic tribes  are  eminently  distinguished  for  the 
exercise  of  this  heavenly  virtue.  They  "  cover 
their  faces  with  their  wings,"  in  the  presence  of 
their  Sovereign,  and  fly  with  cheerfulness  at  his 
command  to  our  degraded  world,  "to  minister  to 
them  who  shall  be  heirs  of  salvation,"  and  to 
execute  whatever  purposes  he  prescribes. 

Throughout  the  sacred  records  pride  is  uni- 
formly represented  as  abhorrent  in  the  sight  of 
the  Almighty,  while  humility  is  marked  with  his 
approbation.  "  Every  one  that  is  proud  in  heart 
is  an  abomination  to  the  Lord."  "God  resisteth 
the  proud,  but  giveth  grace  unto  the  humble." 
"Thus  saith  the  high  and  lofty  One,  who  inhab- 
iteth  eternity,  whose  name  is  Holy:  I  dwell  in 
the  high  and  holy  place,  with  him  also  that  is 
of  an  humble  and  contrite  spirit,  to  revive  the 
spirit  of  the  humble,  and  to  revive  the  heart  of 
the  contrite  ones."  This  is  a  consideration  which 
deserves  the  serious  attention  of  young  rtien  when 
they  first  set  out  in  the  pursuit  of  science.  They 
are  apt  to  be  puffed  up  with  a  vain  conceit  of 
their  acquirements,  when  they  have  acquired  only 
a  smattering  of  learning,  and  have  scarcely  en- 
tered the  porch  of  the  temple  of  knowledge,  and 
to  vaunt  themselves  as  if  they  were  raised  to  a 
high  elevation  above  the  vulgar  throng.  Let  such 
remember  that  even  the  illustrious  Newton,  after 
the  vast  acquirements  he  had  attained,  and  the 
noble  discoveries  he  had  made,  when  he  approach- 
ed the  hour  of  his  dissolution,  declared,  "I  do  not 
know  what  I  may  appear  to  the  world,  but  to 
myself  I  seem  to  have  been  only  like  a  boy 
playing  on  the  sea  shore,  and  diverting  myself 
with  now  and  then  finding  a  pebble  or  a  prettier 
shell  than  ordinary,  while  the  great  ocean  of 
truth  lay  all  undiscovered  before  me." 

4.  The  subjects  of  astronomy  to  which  we  have 
directed  the  attention  of  the  reader,  afford  a 
striking  view  of  the  condescension  of  the  Divine 
Being  toward  man,  especially  in  regaid  to  the 
redemption  i)f  our  fallen  world.  This  sentiment 
seems  to  have  been  deeply  impressed  upon  the 
mind  of  the  Psalmist,  when  contemplating  the 
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nocturnal  heavens.  Viewing  the  resplendent  orba 
everywhere  around  him  in  the  canopy  of  the  sky 
—the  moon  displaying  her  radiance — the  planets 
in  their  courses,  and  the  innumerable  host  of 
stars — ills  thoughts  seem  to  have  taken  a  flight 
into  the  regions  of  immensity,  and  by  the  guid- 
ance of  his  nitional  powers,  and  the  assistance 
of  the  Spirit  of  inspiration,  he  takes  an  expansive 
view  of  the  multitude,  the  magnitude,  and  the 
grandeur  of  those  magnificent  globes  which  roll 
in  the  distant  tracks  of  creation.  Overwhelmed 
with  his  views  of  the  immensity  of  the  universe, 
and  of  the  perfections  and  grandeur  of  its  Creator, 
he  breaks  out  in  the  language  of  astonishment 
and  wonder,  "  When  I  consider  thy  heavens,  the 
work  of  thy  lingers,  the  moon,  and  the  stars 
which  thou  hast  ordained;  what  is  man  that  thou 
art  mindful  of  him?  and  the  son  of  man  that  thou 
visitest  him?"  Survej-ing  with  his  intellectual 
eye  the  boundless  extent  of  God's  universal  em- 
pire, he  shrinks  as  it  were  into  nothing,  and 
seems  almost  afraid  lest  he  should  be  forgotten  or 
overlooked  amidst  the  immensity  of  beings  over 
which  tiie  Dtvine  government  extends.  And  when 
he  considered  himself  as  a  guilty  creature  in  the 
presence  of  the  Most  High,  his  astonishment  at 
the  Divine  condescension  and  grace  must  have 
been  increased. 

In  no  dispensation  of  the  Almighty  is  this  Di- 
vine condescension  so  strikingly  displayed  as  in 
the  economy  of  our  redemption.  Though  count- 
less myriads  of  worlds  and  intelligences  are  under 
his  superintendence,  and  are  incessantly  celebrat- 
ing his  praise  in  the  loftiest  strains;  and,  conse- 
quently, though  all  the  apostate  inhabitants  of 
our  world  might  have  been  forever  annihilated 
without  being  missed  amidst  the  immensity  of 
creation,  yet,  amazing  to  relate!  the  joyful  an- 
nouncement was  made  to  our  rebellious  race, 
"God  so  loved  the  world,  that  he  gave  his  only 
begotten  Son,  that  whosoever  belicveth  in  him 
should  not  perish,  but  have  everlasting  life." 
Soon  after  the  fall  of  man  this  glorious  intelli- 
gence was  announced;  and  in  every  succeeding 
age  God  raised  up  a  succession  of  prophets  to 
announce  the  coming  of  the  great  Deliverer,  "to 
foretell  the  sufferings  of  Christ,  and  the  glory 
that  should  follow."  And  when  the  time  ap- 
pointed in  the  decree  of  Heaven  arrived,  the  pro- 
mised Messiah  was  at  length  ushered  into  the 
world.  A  messenger  from  the  celestial  world, 
surrounded  with  refulgent  splendor,  was  dispatch- 
ed to  the  plains  cf  Bethlehem,  to  make  known 
his  appearance  in  the  world:  "Behold,"  says  he, 
"I  bring  you  good  tidings  of  great  joy,  which 
shall  be  to  all  people.  For  unto  you  is  born  this 
day  in  the  city  of  David,  a  Saviour,  which  is 
Christ  the  Lord."  And  immediately  a  multitude 
of  angels,  having  winged  their  flight  from  their 
heavenly  mansions,  joined  in  a  chorus  of  congra- 
tulation and  praise,  "Glory  to  God  in  the  highest, 
and  on  earth  peace,  good-will  toward  men."  Our 
Redeemer  having  passed  through  the  scene  of 
his  public  ministry,  and  manifested  himself  to  be 
"  the  Son  of  God  with  power,"  by  a  series  of 
beneficent  miracles,  which  he  performed  in  every 
region  of  the  land  of  Judea — was  "led  as  a  lamb 
to  the  slaughter,"  delivered  up  to  the  severest 
Bufferings  for  our  sake,  and  "  became  obedient 
unto  death,  even  the  death  of  the  cross!"  And 
while  he  hung  on  the  accursed  tree,  the  most 
awful  and  striking  miracles  were  exhibited  to 
surrounding  spectators,  in  order  to  display  the 
dignity  of  Him  who  suffered,  and  the  importance 
of  that  "decease  which  was  accomplished  at  Jo- 
rusaleni."     The  suu  was  clad  in  black,  the  hea- 


vens were  arrayed  in  sackcloth,  the  day  was 
turned  into  night,  and,  for  three  hours,  daianess 
covered  the  whole  land.  The  rocks  rent  asunder, 
the  foundations  of  the  earth  did  quake,  the  vail 
of  the  temple  was  rent  in  twain  from  the  top  to 
the  bottom,  the  graves  were  opened,  and  many 
bodies  of  the  saints  who  slept  arose. 

This  was  the  most  wonderful  event,  and  the 
most  illustrious  display  of  Divine  love  that  was 
ever  announced  to  our  world.  What  displays  of 
Divine  love  and  mercy  may  have  been  made  to 
other  worlds,  and  other  orders  of  beings,  we  are 
not  in  a  situation  to  determine.  Wo  dare  not 
aflirm  that,  in  other  regions  of  the  Divine  empire, 
similar  displays  have  not  been  made;  for  we  have 
never  traversed  the  depths  of  immensity  to  ascer- 
tain all  the  dispensations  of  the  Almighty  in  every 
province  of  creation.  But  we  may  boldly  affirm 
that  the  mission  and  the  death  of  Christ  were  the 
most  wonderful  events,  and  the  most  astonishing 
displays  of  mercy  and  love,  that  were  ever  made 
to  our  sublunary  world.  As  the  apostle  of  the 
gentiles  has  declared,  there  is  a  hight  and  a 
depth,  a  breadth  and  a  length  in  the  love  of  God 
which  is  in  Christ  Jesus,  that  passe th  knowledge. 
When  we  consider  the  depths  of  misery  from 
which  it  raises  us,  the  bights  of  felicity  to  which 
it  exalts  us,  the  boundless  nature  of  its  operations, 
and  the  everlasting  continuance  of  all  its  bless- 
ings, we  have  reason  to  exclaim,  in  the  language 
of  admiration,  with  the  apostle  John,  "Behold, 
what  manner  of  love  the  Father  hath  bestowed 
upon  us  that  we  should  be  called  the  sons  of 
God!"  "Unto  him  that  loved  us,  and  washed 
us  from  our  sins  in  his  own  blood,  and  hath 
made  us  kings  and  priests  unto  God  and  his 
Father;  to  him  be  glory  and  dominion  forever  and 
ever!" 

5.  The  studies  connected  with  the  science  of 
the  heavens  have  a  tendency  to  prepare  the  soul 
that  has  been  previously  enlightened  and  regener- 
ated, for  the  employments  of  the  future  world. 
In  that  world  the  glory  of  the  Divine  perfections, 
as  manifested  throughout  the  illimitable  tracks 
of  creation,  is  one  of  the  objects  which  unceas- 
ingly employ  the  contemplations  of  the  blessed; 
for  they  are  represented  in  their  adorations,  as- 
celebrating  the  attributes  of  the  Deity  as  display- 
ed throughout  the  material  universe:  "Great  and 
marvelous  are  thy  works.  Lord  God  Almighty. 
Thou  art  worthy,  O  Lord,  to  receive  glory  and 
honor  and  power;  for  thou  hast  created  all  things, 
and  for  thy  pleasure  they  are  and  were  created." 
Before  we  can  enter  that  world  and  mingle  with 
its  inhabitants,  we  must  acquire  a  relish  for  their 
employments  and  some  acquaintance  with  the 
objects  which  form  the  subject  of  their  sublime 
investigations;  otherwise  we  could  feel  little  en- 
joyment in  the  society  of  heavenly  intelligences, 
and  the  exercises  in  which  they  engage.  The 
investigations  connected  with  astronomy,  and  the 
frequent  contemplation  of  its  objects,  may  tend 
to  prepare  us  for  such  celestial  employments;  a& 
they  awaken  attention  to  such  subjects — as  they 
invigorate  the  faculties  and  enlarge  the  capacity 
of  tlie  intellect — as  they  suggest  sublime  inqui- 
ries, and  excite  desires  for  further  information 
which  may  afterward  be  gratified — as  they  form 
the  ground-work  jof  the  progress  we  may  after- 
ward make  in  that  state,  in  our  surveys  of  the 
Divine  operations — and  as  they  habituate  the 
mind  to  take  large  and  comprehensive  views  of 
the  empire  and  moral  government  of  the  Al- 
mighty. 

Those  who  have  made  progress  in  such  studies,  . 
under  the  influence  of  holy  dispositiou«,  will  cer- 
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tainly  have  higher  and  more  perfect  conceptions 
of  the  attributes  of  Jehovah  than  those  who  have 
given  little  or  no  attention  to  them;  and  it  is  not 
perhaps  an  unwarrantable  supposition,  that  by 
such  employments  as  most  familiarize  us  with 
the  glorious  works  of  the  Creator,  and  lead  us  to 
the  contemplation  of  his  moral  perfections,  we 
may  be  the  better  prepared  for  directing  the  views 
and  investigations  of  such  as  have  enjoyed  fewer 
opportunities  of  instruction  in  the  present  state. 
For,  we  are  informed  in  the  sacred  records,  that 
"  they  who  are  teachers  of  wisdom  shall  shine  as 
the  brightness  of  the  firmament,  and  they  that 
turn  many  to  righteousness  as  the  stars  forever 
and  ever :"  plainly  intimating,  that  those  who 
have  made  eminent  advances  in  Divine  know- 
ledge, and  applied  it  to  its  proper  use,  shall  be 
distinguished  with  peculiar  honors. 

It  is  here  of  some  importance  to  remark,  that  it 
is  not  merely  a  scientific  view  of  the  mechanical 
fabric  of  the  universe  that  will  prepare  us  for 
the  employments  of  the  celestial  world,  but  the 
moral  principles  and  the  holy  affections  with 
which  we  are  animated  in  all  our  studies  and 
contemplations.  A  man  under  the  influence  of 
evil  principles  and  passions,  whose  mind  is  actu- 
ated by  pride,  malignity,  avarice,  or  revenge,  is 
unqualified  for  a  right  contemplation  of  the  works 
of  God,  for  joining  in  the  associations  of  pure 
and  holy  beings,  and  for  engaging  in  the  exalted 
services  of  the  heavenly  world.  Unless  the  prin- 
ciples of  "love  to  God"  and  "love  to  man"  be 
engraven  on  our  hearts,  and  interwoven  through- 
out the  whole  of  our  mental  frame,  and  mani- 
fested in  the  general  tenor  of  our  conduct,  we 
can  never  enjoy  true  happiness  either  in  the 
present  state  or  in  any  other  region  of  the  uni- 
verse; and  such  principles  and  dispositions  can 
never  be  expected  to  be  implanted  in  the  soul, 
and  brought  forth  into  action,  unless  we  comply 
with  the  requisitions  contained  in  the  word  of 
God.  The  foundation  of  future  felicity  must  be 
laid  in  "  repentance  toward  God,  and  faith  toward 
our  Lord  Jesus  Christ."  As  sinners  against  the 
most  high  God,  we  stand  in  need  of  pardon, 
peace,  and  reconciliation.  And  "this  is  the 
record  of  God,  that  he  hath  given  to  us  eternal 
life,  and  this  life  is  in  his  Son."     "  This  is  his 


commandment,  that  we  believe  on  the  name  of 
his  Son  Jesus  Christ, — whom  God  hath  set  forth 
to  be  a  propitiation,  to  declare  his  righteousness 
for  the  remission  of  sins." 

This  is  the  first  step  in  the  path  which  leads  to 
life  eternal.  And  having  entered  on  this  course, 
we  must  be  careful  to  bring  forth  "the  fruits  of 
righteousness,"  and  to  "glorify  God  in  our  bodiea 
and  spirits  which  are  his."  We  must  "add  to 
our  faith  virtue;  and  to  virtue  knowledge;  and  to 
knowledge  temperance  ;  and  to  temperance  pa 
tience;  and  to  patience  godliness;  and  to  godli 
ness  brotherly  kindness;  and  to  brotherly  kind 
ness  charity.  For  if  these  things  be  in  us  and 
abound,"  we  shall  neitlier  "be  barren  nor  un- 
fruitful in  the  knowledge  of  our  Lord  Jesus 
Christ.  For  so  an  entrance  shall  be  ministered 
unto  us  abundantly  into  the  everlasting  kingdom 
of  our  Lord  and  Saviour  Jesus  Christ."  Prose- 
cuting such  a  course  with  activity  and  persever- 
ance, holding  communion  with  the  "  Father  of 
our  spirits,"  and  exhibiting  a  pattern  of  every 
Divine  virtue  and  grace,  we  shall  enjoy  all  that 
happiness  which  is  consistent  witii  our  present 
state  of  trial  and  imperfection,  and  be  gradually 
prepared  for  being  "  partakers  of  the  inheritance 
of  the  saints  in  light:"  where  there  is  "  fullness  of 
joy,"  and  "  pleasures  for  evermcJre."  In  short, 
animated  by  such  Divine  principles  and  afl^ec- 
tions,  we  shall  be  fitted  for  holding  intercourse 
with  all  the  holy  beings  that  constitute  the  moral 
and  intelligent  system,  or  the  whole  family  of  God 
throughout  the  universe,  in  whatever  regions  of 
the  vast  creation  they  may  reside;  for  the  princi- 
ples and  dispositions  to  which  we  have  adverted 
must  be  common  to  all  the  pure  intelligences  that 
people  creation,  that  have  retained  their  primeval 
innocence  and  rectitude.  When  implanted  in  the 
heart,  and  interwoven  through  the  whole  of  the 
mental  constitution,  they  assimilate  us  to  angels 
and  every  other  class  of  holy  intelligences,  and 
qualify  us  for  associating  with  the  superior  orders 
of  intellectual  natures  —  for  entering  into  their 
sublime  and  comprehensive  views — for  bearing  a 
part  in  their  extensive  schemes  of  universal  be- 
neficence— and  for  contributing  along  with  them 
to  the  order  and  prosperity  of  God's  universal  aod 
everlasting  kingdom! 
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Thk  Planet  Neptune. — The  discovery  of  this 
planet  forms  a  remarkable  era  in  tlie  history  of 
astronomy.  It  was  ascertained  to  exist  by  calcu- 
lations founded  on  the  principles  of  physical 
astronomy,  and  on  the  discrepancies  which  were 
found  to  exist  between  the  observed  and  the  cal- 
culated places  of  Uranus.  It  was  conceived  that 
probably  some  disturbing  body  existed  beyond 
that  planet,  which  had  hitherto  eluded  the  obser- 
vation of  astronomers,  and  which  produced  the 
irregularities  to  which  we  allude.  The  follow- 
ing is  a  brief  sketch  of  the  history  of  this  dis- 
covery : — 

The  Rev.  Dr.  Hussey,  in  1834,  wrote  to  Profes- 
sor Airy,  of  the  Royal  Observatory,  Greenwich, 
that  he  conjectured  the  possibility  of  some  dis- 
turbing body  beyond  Uranus,  and  that  he  had 
found  that  Bouvard  and  Hansen  had  been  in  cor- 
respondence on  a  similar  conjecture.  In  1842, 
the  late  distinguished  astronomer,  Bessel,  in  con- 
versation with  Sir  John  Herschel,  in  reply  to  the 
question  whether  the  deviations  in  question 
might  not  be  due  to  the  actions  of  an  un- 
known planet,  stated,  that  he  thought  it  highly 
probable  that  such  was  the  case.  But,  until 
September,  1845,  there  was  not  produced  by  any 
astronomer  a  research  that  was  calculated  to  de- 
cide this  question.  It  was  about  this  time  that 
Mr.  J.  C.  Adams,  fellow  and  assistant  of  St. 
John's  college,  Cambridge,  communicated  to 
Professor  Challis,  of  the  Cambridge  Observatory, 
values  which  he  obtained  for  the  heliocentric 
longitude,  eccentricity  of  orbit,  longitude  of  peri- 
helion, and  mass  of  an  assumed  exterior  planet, 
deduced  entirely  from  unaccounted-for  perturba- 
tions of  Uranus.  The  same  results,  somewhat 
corrected,  were  left  at  the  Observatory  of  Green- 
wich, about  the  end  of  the  following  October,  in 
a  paper  containing  the  following  statement: — 
"According  to  my  calculations,  the  observed 
irregularities  in  the  motion  of  Uranus  may  be 
accounted  for,  by  supposing  the  existence  of  an 
exterior  planet,  the  mass  and  orbit  of  which  are 
as  follows: — 

Mean    distance    ( assumed    nearly  in    accordance   with 
Bode's  law)         ..;...  30.84 

Mean  sidereal  motion  in  36.i3i  days      .         .  1°  30,'  9 

Mean  longitude,  1st  October,   1845  .         .  323=>  34' 

Longitude  of  perihelion         ....       315^  55' 

Eccentricity 0.1610 

Mass,  that  of  the  snn  being  unity  .        .        .       0.0001656 

These  were  the  first  intimations  of  the  new  pla- 
net that  were  ever  made  public;  and  at,  or  near 
the  position  here  assigned  to  it,  it  was  afterward 
seen  by  Professor  Challis  of  the  Cambridge  Ob- 
servatory- Had  Mr.  Airy  attended  to  the  above, 
as' he  ought  to  have  done,  Mr.  Adams  would  have 
enjoyed  the  undivided  merit  of  being  the  first 
discoverer  of  this  planet;  and  we  cannot  but  feel 
indignant  at  the  apathy  and  neglec*  of  the  Royal 


Astronomer,  especially  when  we  consider  that 
Mr.  Adams  made  two  journeys  to  Greenwich  to 
explain  this  matter,  and  left  his  papers  and  calcu- 
lations at  the  Observatory. 

In  the  Comptes  Rendus,  for  June  1,  1846 — 
eight  months  after  Mr.  Adams  had  made  known 
the  elements  of  the  new  planet's  orbit  to  the 
English  astronomers — M.  Le  Verrier  gave  a  me- 
moir on  thci.  theory  of  Uranus,  in  which  he  af- 
firmed the  necessity  of  admitting  the  hypothesis 
of  an  exterior  planet.  No  elements  of  the  orbit 
or  mass  were  given,  but  its  longitude,  it  was 
stated,  should  be,  for  the  beginning  of  1847, 
about  325°.  He  communicated  his  principal 
conclusion  to  the  astronomers  of  the  Berlin  Ob- 
servatory on  September  23d,  and,  guided  thereby, 
and  comparing  the  observations  with  a  star  map, 
M.  Galle  found  the  planet  on  the  same  evening. 

Professor  Challis,  before  this  time,  in  conse- 
quence of  a  laborious  research,  had  actually  seen 
the  planet.  On  July  30th,  he  went  over  a  zone 
of  the  heavens,  nine  minutes  broad,  in  such  a 
manner  as  to  include  all  stars  up  to  the  eleventh 
magnitude.  On  August  4th,  he  took  a  wider 
zone,  and  recorded  a  place  of  the  planet.  His 
next  observations  were  on  August  12th,  when 
he  met  with  a  star  of  the  8th  magnitude,  in 
the  zoue  which  he  had  gone  over  on  July  30th, 
which  did  not  then  contain  this  star.  Of  course, 
this  was  the  planet — the  place  of  which  was 
thus  recorded  a  second  time,  in  four  days  of  ob- 
serving. A  comparison  of  the  observations  of 
July  30th  and  August  12th,  would,  according  to 
the  principle  of  search  which  he  employed,  have 
shown  him  the  planet;  but  he  did  not  make  the 
comparison  until  after  the  detection  of  it  at  Ber- 
lin. The  planet,  however,  was  secured,  and  two 
positions  of  it  recorded,  six  weeks  earlier  than  in 
any  other  observatory,  and  in  a  systematic  search 
expressly  undertaken  for  that  purpose,  so  that 
Mr.  Challis,  though  not  acknowledged  as  the  first 
discoverer,  has  at  least  the  satisfaction  of  having 
seen  and  recorded  the  position  of  this  new-found 
planet  six  weeks  earlier  than  he  who  is  consider- 
ed the  real  discoverer. 

This  planet  appears  like  a  star  of  the  8th  mag- 
nitude, and  consequently  may  be  seen  with  a  mo- 
derate degree  of  magnifying  power;  but  it  will  be 
difficult  to  distinguish  it  from  small  neighboring 
stars,  unless  with  a  very  high  power,  when  a  disc 
may  be  perceived.  Its  distance  from  the  sun  is 
reckoned  about  30  times  that  of  the  earth,  or 
2,850,000,000,  that  is,  two  thousand  eight  hundred 
and  fifty  millions  of  miles,  or,  more  than  a  thou- 
sand millions  of  miles  beyond  the  orbit  of  Uranus. 
The  apparent  disc  of  this  planet  subtends  an  angle 
of  something  more  than  3  seconds,  and  its  diame- 
ter will  consequently  be  nearly  50,000  miles.  Of 
course,  it  is  about  250  times  larger  than  the  Earth, 
and  three  times  larger  than  Uranus;  and  above  a 
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hundred  times  larger  than  the  whole  mass  of  the 
Earth  and  Moon,  Venus,  Mercury,  Mars,  Ceres, 
Pallas,  Juno,  and  Vesta  taken  together.  So  that 
here  we  have  a  planet,  which  has  been  hid  from 
the  view  of  mortals  in  the  profundity  of  space  for 
thousands  of  years,  exceeding  in  bulk  a  large 
retinue  of  spacious  worlds;  Jupiter  and  Saturn 
alone  are  its  superiors.  Itsapparent  motion  when 
discovered  was  retrograde  at  4  seconds  per  day. 
Its  revolution  round  the  sun  is  supposed  to  be  ac- 
complished in  190  years. 

Mr.  Lassell  of  Starfield,  near  Liverpool,  stated 
that  soon  after  its  discovery,  he  had  different  views 
of  it,  and  believes  that  he  may  confidently  assert 
that  it  is  surrounded  by  a  Ring  like  that  of  Saturn, 
placed  three  diameters  from  the  body  of  the  pla- 
net. This  discovery  appears  to  be  confirmed  by 
some  late  observations  of  Professor  Challis.  "I 
have  been  able."  says  he,  "  witli  the  Northumber- 
land telescope,  to  verify  Mr.  Lassell's  suspicions  of 
a  Ring.  I  first  received  the  impression  of  a  ring 
on  the  12th  January,  1847.  Two  independent 
drawings,  made  by  myself,  and  my  assistant, 
Mr.  Morgan,  gave  the  same  representations  of  its 
appearance  and  position.  The  ring  is  very  little 
open.  Its  diameter  makes  an  angle  in  the  south 
preceding  quadrant  of  66  degrees  with  the  paral- 
lel of  declination.  The  ratio  of  the  diameter  of 
the  ring  to  that  of  the  planet  is  by  estimation  that 
of  3  to  2.  I  am  at  a  loss  to  account  for  my  not 
having  noticed  the  jing  earlier." 

It  also  appears  that  Neptune  is  attended  with  at 
least  one  satellite,  which  Mr.  Lassell  has  several 
times  seen.  In  a  letter  dated  September  20, 1847,  he 
informs  the  editor  of  the  Times,  that  "  he  has  as- 
certained the  period  of  this  satellite  to  be  5  days, 
20  hours,  50  minutes,  45  seconds.  The  projected 
orbit  is  a  narrow  ellipse,  with  an  axis  inclined  to 
about  28  degrees  to  tlie  ecliptic,  and  witli  its  semi- 
axis  subtenuing  about  18  seconds,  so  that  the 
satellite  is  about  250,000  miles  from  the  planet. 
This  satellite  is  much  brighter  in  the  preceding 
than  in  the  following  half  of  its  path.  Tiiis  va- 
riation seems  to  show  that  one  side  of  the  satellite 
has  less  light  than  the  other."  It  is  likewise  evi- 
dent that  tills  satellite  must  be  a  body  of  very  con- 
siderable size,  otherwise,  it  could  not  be  visible  at 
such  an  immense  distance.  It  is  probably  nnich 
larger  than  any  of  the  satellites  of  Jupiter  or  Sa- 
turn, and  may  far  exceed  our  globe  in  magnitude. 
The  heliocentric  longitude  of  this  planet,  on  the 
4th  of  August,  1846,  was  326o  39',  and  the  north 
polar  distance  102°  57'. 

The  discovery  of  this  far  distant  planet,  in  the 
manner  in  which  it  was  effected, constitutes  not 
only  a  new  era  in  the  progress  of  celestial  science, 
but  also  evinces  the  perspicacity  of  the  human 
intellect,  and  the  certainty  and  uniformity  of  those 
physical  laws  by  which  the  bodies  of  the  plane- 
tary system  are  directed,  and  that  the  law  of  gra- 
vitation is  extensive  in  its  influence,  reaching  far 
beyond  what  were  formerly  considered  the  boun- 
daries of  our  system,  and  probably  exerting  its 
energies  throughout  all  the  worlds  that  roll  through 
the  spaces  of  infinitude.  We  have  here  a  new 
confrination  of  the  theory  of  universal  gravitation. 
The  first  step  in  the  exhibition  of  that  law  was, 
the  discovery  made  by  Newton  that  the  earth  at- 
tracts the  moon.  The  princi[)le  was  also  found 
to  explain  the  revolution  of  the  planets  round  the 
sun.  Beside,  it  was  found  that  the  movements  of 
the  secondary  planets  round  their  primaries  are 
owing  to  the  same  cause.  TIkj  application  of  this 
law  likewise  explained  certain  anomalies  in  the 
motion  of  the  moon  and  planets,  which  were  other- 
wise difficult  to  account  for.     A  great  inequality 


in  the  movements  of  Jupiter  and  Saturn,  which 
was  long  unaccounted  for,  was  at  length  traced  to 
their  reciprocal  action  on  one  another  by  the  ope- 
ration of  this  law.  The  effects  of  the  attraction 
of  planets  that  could  be  observed,  and  whose 
names  were  known  were  thereby  calculated.  In 
respect  to  the  newly  discovered  body — the  mean 
distance  and  position — the  mass  and  the  form  of 
its  orbit,  were  all  unknown.  But,  by  its  observed 
effects,  these  were  all  so  well  determined  as  to 
guide  the  observer  almost  to  the  very  point  of  the 
heavens  where  it  was  first  seen.  This  fact  stands 
almost  alone  in  the  records  of  astronomical  sci- 
ence. There  has  been  no  discovery  of  the  same 
kind  before  it  in  the  annals  of  astronomy,  and  it 
may  lead  to  other  discoveries  of  a  similar  kind. 
We  have  now  no  reason  to  conclude,  that  we  have 
as  yet  descried  the  utmost  boundaries  of  the  solar 
system,  since  a  body  of  so  great  magnitude  has 
been  ascertained  to  exist  and  to  prosecute  its  an- 
nual course  around  the  sun,  at  nearly  double  tho 
distance  of  Uranus.  If  there  be  another  planet  or 
more  beyond  the  orbit  of  Neptune,  the  observa- 
tions of  a  number  of  years  upon  the  movements 
of  this  body  may  lead  to  a  like  result  again,  and 
to  bring  to  view  other  spacious  orbs  which  have 
hitherto  been  concealed  in  those  distant  regions 
of  space.  It  is  in  this  way  that  the  Creator 
crowns  the  exertions  of  human  genius  and  the 
investigation  of  his  works  with  success — by  open- 
ing to  our  view  a  more  expansive  prospect  of  his 
boundless  and  eternal  empire. 

THE    PLANET   HEBE. 

The  brillian-t  discovery  of  the  planet  Neptune 
by  Adams  and  Le  Verrier,  has  been  closely  fol- 
lowed by  that  of  another,  which  has  been  detected 
by  M.  Hencke,the  discoverer  of  Astrsea.  On  the 
1st  of  July,  1847,  at  lOh.  40m.,  p.  m.,  M.  Hencke, 
of  Dresden,  discovered  a  second  star,  not  previ- 
ously marked  in  his  map,  of  about  the  9th  de- 
gree of  magnitude,  in  257°  6' right  ascension,  and 
3°  42'  south  declination.  This  new  planet  waa 
observed  on  the  5th  July  from  the  Observatory  of 
Berlin  in  the  meridian,  and  in  the  refracting  tele- 
scope. This  body  is  considered  as  belonging  to 
the  smaller  planets  between  Mars  and  Jupiter. 
This  planet  has  been  subsequently  observed  by 
M.  Schumacher,  M.  Encke,  M.  Rumker,  Mr.  Hind, 
Professor  Challis,  Dr.  Peterson  and  Mr.  Lassell. 
Mr.  Hind  has  computed  its  elements  as  follows: 

Epoch  of  mean  anomaly,  July,  1847,  Green- 
wich mean  time 283°  50'  54" 

Longitude  of  perihelion        ....      8^  17'  SM" 

Inclination 137^  2.5'  35" 

Eccentricity 238910 

Mean  diurnal  motion 8S6' 

Sidereal  period 4.004 years. 

From  these  statements  it  appears  that  this  pla- 
net comes  between  Vesta  and  M.  Hencke's  other 
planet  Astraja.  It  has  been  named  Hebe,  follow- 
ing the  nomination  of  the  illustrious  Gauss,  to 
whom  the  office  was  delegi^ted  by  Hencke. 

THE    PLANET    IRIS. 

On  the  night  of  Friday  the  13th  of  August, 
1847,  only  about  six  weeks  after  the  di.scovery  of 
Hebe — Mr.  Hind,  the  astronomer  at  Mr.  Bishop's 
observatory.  Regent's  Park,  London,  discovered  an 
asteroid,  which  he  believed  was  a  new  planet  be- 
longing to  the  group  between  Mars  and  Jupiter. 
Subsequent  observations  have  confirmed  the  ac- 
curacy of  that  opinion,  and  placed  beyond  doubt 
this   further   triumph   of    English   astronomers 
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Mr.  Hind  has  since  favored  the  scientific  world 
witii  the  following  particulars  of  this  interesting 
wanderer,  now,  for  the  first  time  recognized  as  be- 
longing to  our  solar  system. — "In  addition  to  the 
Berlin  maps,"  says  Mr.  Hind, '•  which  we  have 
revised;  and  in  some  instances  corrected,  elliptical 
charts  of  stars  down  to  the  lOth  magnitude  have 
been  formed  for  some  of  the  hours  of  Right  As- 
cension, which  it  is  Mr.  Bishop's  intention  to  pub- 
lish as  soon  as  they  are  completed.  On  the  13th 
of  August,  I  compared  Wolf's  map  with  the  hea- 
vens, and  was  surprised  to  find  an  unmarked  star 
of  b.9  magnitude  in  a  position  which  was  ex- 
amined on  June  2'2d  and  July  31st,  without  any 
■ote  being  made.  The  mere  existence  of  a  star 
in  a  position  where  before  there  was  none  visible, 
would  not  have  been  sufficient  to  satisfy  me  as  to 
Its  nature,  because  during  an  eight  months'  search, 
I  have  met  witli  very  many  variable  stars,  a  class 
which  I  believe  to  be  far  more  numerous  than  is 
generally  supposed.  But,  on  employing  the  wire 
micrometer,  we  were  enabled,  in  less  than  half  an 
hour,  to  establish  its  motion,  and  thus  to  convince 
ourselves  that  I  had  been  fortunate  enough  to  dis- 
cover a  new  member  of  the  planetary  system.  It 
may  appear  to  many  rather  bold  to  announce  the  ex- 
istence of  a  new  planet  from  the  detection  of  so  small 
an  amount  of  motions  as  2". 5  in  right  ascension; 
but  such  is  the  firm  mounting  of  tlie  large  refracting 
telescope,  and  the  perfection  of  the  micrometers, 
(for  which  we  have  to  thank  Mr.  DoUond),  that 
a  far  smaller  change  would  have  been  sufficient 
to  convince  us  of  the  nature  of  the  object  in 
question."  The  following  are  all  the  observations 
yet  made: — 

R.  Ascen.  of  Iris.   S.  Deolin. 

h.  m.  sec.    h.  m.  sec. 
AngnstlS,   9  30  46    19  57  30     13°  27'  21".5 

10  37  24    19  57  28    13  27  27  .0 

14  9  23  58    19  56  38     13  29  14  .0 

15  9   0  39    19  55  47     13  31   4  .3 

The  name  Iris  was  fixed  upon  by  Mr.  Bishop 
as  an  appropriate  name  for  this  new  planet.  The 
eymbol  adopted  for  its  designation  is  a  semicircle 
with  an  interior  star.  Mr.  Hind  says,  "This  planet 
has  been  detected  in  a  systematic  search  instituted 
expressly  with  tlie  view  to  the  discovery  of  such  a 
body,  and  commenced  in  November,  1846.  The 
Berlin  maps  were  employed  as  far  as  they  extend: 
small  stars  of  the  9th  or  lOlh  magnitude,  not 
marked  in  the  maps,  being  inserted  from  time  to 
time,  as  they  came  under  examination."  Obser- 
vations of  Iris  have  likewise  been  made  by  Pro- 
fessor Challis,  Mr.  Gra'iam,  Dr.  Peterson  at  Altona, 
M.  Rumker  at  Hamburg,  and  Professor  Encke  at 
Berlin. 

THE  PLANKT    FLORA. 

Since  the  discovery  of  the  planet  Iris,  Mr. 
Hind,  at  Mr.  Bishop's  observatory.  South  Villa, 
Regent's  Park,  has  discovered  another,  within 
little  more  than  two  months  after  Iris  was  dis- 
covered. This  new  body  was  discovered  on  Oc- 
tober 18,  1847.  A  few  hours'  observation  proved 
it  to  be  a  new  planet — the  eighth  of  the  remark- 
able group  between  the  orbits  of  Mars  and  Jupi- 
ter. Since  the  epoch  of  discovery  the  brightness 
of  the  planet  has  considerably  increased,  and  now 
equals  that  of  a  star  of  the  eighth  magnitude.  At 
Mr.  Bishop's  request.  Sir  John  Herschel  has 
named  it  "Flora"  with  a  flower  (a  rose)  for  the 
eymbol.  This  new  body  has  also  been  observed 
by  Professor  Challis,  E.  I.  Cooper,  Esq.,  Mr.  Gra- 
ham, Professor  Encke,  Professor  Schumacher,  M. 
Peterson  and  M.  Rumker. 

From  the  above  statements  it  appears  that  three 


new  primary  planets  have  been  brought  to  light 
during  the  year  1847,  and  that,  too,  within  less 
than  the  space  of  four  months,  the  first  of  Ihem 
having  been  discovered  on  the  first  of  July,  and 
the  third  on  the  18th  of  the  following  October. 
It  is  remarkable,  too,  that  they  all  belong  to  that 
class  of  comparatively  small  bodies,  sometimes 
called  Asteroids,  which  move  between  the  orbits 
of  Mars  and  Jupiter,  and  are  all  invisible  to  the 
naked  eye.  Those  bodies  revolve  nearly  at  the 
same  distance  from  the  sun,  and  the  timi-s  of  their 
revolutions  round  the  sun  are  not  much  diiferent 
from  each  other,  and  they  are  now  found  to  be  at 
least  ei(/ht  in  number.  There  is  a  considerable 
degree  of  mystery  that  hangs  over  the  facts  and 
circumstances  connected  with  these  bodies,  which 
prevents  us  from  forming  precise  and  definite 
conceptions  respecting  their  nature  and  destina- 
tion. It  is  generally  supposed  that  they  once 
formed  the  component  parts  of  a  large  planet, 
which  formerly  revolved  near  the  regions  they 
now  occupy,  but,  by  some  powerful  internal  force, 
had  been  disrupted  into  a  number  of  smaller 
planets,  which  form  the  bodies  which  have  been 
lately  discovered.  How  many  of  these  smaller 
bodies  may  exist  it  is  now  impossible  to  deter- 
mine, since  others  may  still  be  discovered;  for  it 
would  be  as  unreasonable  to  conclude  that  we 
have  now  discovered  the  whole  of  them,  as  it 
would  have  been  when  only  two  or  three  of  them 
were  discovered.  Between  the  beginning  of  1801, 
and  1807,  four  of  these  bodies  had  been  detected, 
but  no  further  discovery  was  made  in  reference 
to  them  until  December,  1845,  when  Astraea  was 
discovered. 

Various  inquiries  are  suggested  to  the  mind 
when  contemplating  the  peculiar  phenomena 
which  these  bodies  present.  If  these  small  planets 
once  formed  the  component  parts  of  a  large 
planet,  at  what  period  did  the  disruption  take 
place?  Was  that  planet  then  inhabited?  And 
if  inhabited  what  was  the  fate  of  its  inhabit- 
ants? Were  they  entirely  destroyed  by  the  awful 
catastrophe?  or,  did  the  inhabitants  of  the  differ- 
ent fragments  fly  off  along  with  that  portion  of 
the  original  planet  which  they  occupied?  Are 
these  bodies  still  inhabited?  or,  are  they  flying 
like  shattered  masses,  and  barren  deserts,  through 
the  voids  of  space?  And  if  so,  are  they  ever 
again  to  be  repeopled?  To  such  inquiries,  how- 
ever, no  satisfactory  answers  can  be  expected 
while  we  remain  in  the  present  state.  On  the 
other  hand,  if  we  do  not  admit  the  hypothesis  of 
a  large  planet  having  been  disrupted,  it  is  very 
difficult  to  account  for  the  present  position,  mo- 
tions, and  other  phenomena  of  these  bodies,  so 
very  different  from  the  harmony,  proportion,  and 
order,  which  characterize  the  other  arrangements 
of  the  solar  system.  As  already  stated,  they  are 
nearly  of  the  same  distances  from  the  sun,  and 
perform  their  revolution  nearly  in  the  same  pe- 
riods; their  orbits  are  more  eccentric,  and  have  a 
much  greater  degree  of  inclination  than  those  of 
the  other  planets:  and  what  is  very  singular  and 
unaccountable,  their  orbits  cross  each  other,  so  that 
there  is  a  possibility  of  these  planets  impinging 
upon  each  other  in  the  course  of  their  revolutions. 
These  circumstances  seem  to  indicate  that  the 
bodies  in  question  are  not  in  that  order  and  ar- 
rangement in  which  we  should  suppose  an  all-wise 
Creator  would  have  placed  them  at  their  original 
creation,  so  that,  whatever  view  we  take  of  these 
anomalous  bodies,  there  appears  to  us  something 
ine.xplicable,  mysterious,  and  incomprehensible. 
But  we  may  rest  assured  that  their  present  state, 
whatever  it  may  be,  is  iu  full  accordance  with  thf» 
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wisdom,  rectitude,  and  benevolence  of  the  Moral 
Governor  of  the  universe. 

RAPID    PROGRESS    OF   ASTRONOMICAL  DISCOVERY. 

Since  the  beginning  of  the  17th  century,  a  little 
before  the  telescope  was  applied  to  the  heavens,  no 
less  than  thirty-one  bodies,  unknown  before,  have 
been  added  to  our  views  of  the  Solar  System.  In 
the  year  1608,  seven  bodies  were  known  to  belong 
to  our  system,  namely,  the  Sun  and  Moon,  Mer- 
cury', Venus,  Mars,  Jupiter,  and  Saturn.  In  1700, 
there  had  been  added  eleven  moving  boiiies,  name- 
ly, four  satellites  of  Jupiter,  five  of  Saturn,  the 
Earth  itself,  which  was  now  fully  recognized  as  a 
planet,  and  Halley's  comet,  though  the  prediction 
had  not  been  verified.  In  1800,  there  had  been 
added  nine,  namely,  Uranus  and  its  six  satellites, 
with  two  satellites  of  Saturn.  These  were  all  dis- 
covered by  the  late  Sir  Wm.  Hei-schel;  and  this 
celebrated  observer,  at  his  death,  left  the  solar  sys- 
tem half  as  large  again,  in  number  of  bodies,  as 
he  found  it.  Since  the  beginning  of  the  year 
1800,  there  have  been  added  twelve,  namely,  Ves- 
ta, Juno,  Ceres,  Pallas,  Astraea,  Hebe,  Iris,  Flora, 
Neptune,  the  satellite  discovered  by  Mr.  Lassell 
as  revolving  round  the  planet  Neptune,  Encke's 
comet,  and  Biela's  comet. 

Notwithstanding  the  discoveries  which  have 
lately  been  made  in  the  planetary  system,  and  in 
other  regions  of  the  heavens,  we  are  not  to  ima- 
gine that  we  have  yet  arrived  at  boundaries  in 
creation,  beyond  which  we  cannot  pass.  Only  a 
few  years  have  yet  passed  since  the  planet  Saturn 
was  considered  as  the  utmost  boundary  of  our 
planetary  system,  whose  orbit  is  removed  900  mil- 
lions of  miles  from  the  sun.  But  now,  planets 
have  been  discovered  at  double  and  treble  this  dis- 
tance, at  eighteen  hundred  millions,  and  at  three 
thousand  millions  of  miles  from  this  central  lu- 
minary, and  at  such  immense  distances  retained 
in  their  orbits,  and  guided  by  the  influence  of  the 
attractive  powers  of  the  sun.  The  planet  Nep- 
tune moves  in  an  orbit  five  thousand  seven  hun- 
dred millions  of  miles  in  diameter,  and  about 
eighteen  thousand  millions  of  miles  in  circumfer- 
ence; and  were  a  steam  carriage  to  move  round 
this  vast  circle  at  the  rate  of  twenty  miles  an 
hour,  it  would  require  more  than  a  hundred  thou- 
sand years  before  it  would  complete  the  vast  cir- 
cuit. As  we  have  no  reason  to  conclude  that  we 
have  not  reached  the  utmost  bounds  of  our  sys- 
tem, it  is  not  at  all  improbable  that  planets  of  a 
large  size  may  exist  far  beyond  the  orbit  of  Nep- 
tune, which  may  yet  be  discovered  by  the  perse- 
vering efforts  of  our  astronomers,  and  some  of 
which  may  never  be  visible  to  mortal  eyes.  It 
will  now  be  more  difficult  than  formerly  to  make 
delineations  of  the  orbits  of  the  planets,  when 
they  are  intended  to  be  represented  in  the  relative 
proportions  of  their  distances  from  tbe  sun,  un- 
less the  delineation  be  made  on  a  very  large  scale, 
for  otherwise  the  orbits  of  Mars,  the  Earth,  Ve- 
ous,  and  Mercury,  would  appear  so  close  to  each 
other  as  scarcely  to  be  distinguished. 

On  the  whole,  what  further  discoveries  may  yet 
be  made  in  the  celestial  regions  it  is  scarcely  for 
us  to  anticipate.  But  in  proportion  to  the  num- 
ber of  those  who  devote  themselves  to  celestial 
observations,  and  in  proportion  to  the  improve- 
ments that  may  be  made  on  telescopes,  and  other 
instruments  of  observation,  may  we  expect  that 
still  more  brilliant  discoveries  will  be  unfolded 
to  our  view.  It  is  to  be  hoped  that  American 
astronomers  will,  ere  long,  be  instrumental  in 
making   new  discoveries  in   the  heavens,  since 


some  of  them  have  lately  procured  most  powerfu 
instruments  of  observation.  It  is  to  be  hoped 
that  Professor  Mitchell,  of  Cincinnati,  who  haa 
been  furnished  with  an  observatory,  and  an  ex 
cellent  instrument  of  observation,  will  soon  com- 
ply with  the  requisition  of  Struve,  and  measure 
all  the  double  and  multiple  stars  south  of  thu 
equator.  It  is  also  confidently  expected  that  Mr. 
Bond  of  Cambridge,  Massachusetts,  will  follow 
up  his  discovery  of  analyzing  the  great  nebula 
of  Orion  by  similar  discoveries  in  the  nebulous 
regions  of  the  heavens.  The  great  Cambridge 
achromatic  telescope  is  an  instrument  which  does 
honor  to  the  Harvard  University,  and  to  the  Uni- 
ted States.  From  what  it  has  already  performed, 
it  appears  scarcely  inferior  to  the  monster  tele- 
scope of  the  Earl  of  Rosse,  54  feet  in  length,  and 
6  feet  in  diameter. 


II. 

BRIEF  SKETCH   OF   THE  HISTORY  OF  ASTRO- 
NOMY. 

Astronomy  was  undoubtedly  one  of  the  earliest 
of  the  sciences  cultivated  by  the  human  race. 
Some  of  its  facts  and  first  principles  must  have 
been  known  from  the  beginning  of  the  world.  For 
when  the  shades  of  night  have  opened  to  view  the 
azure  firmament,  diversified  with  a  multitude  of 
shining  orbs — the  moon  walking  in  brightness — 
the  planets  moving  in  their  courses — and  the  host 
of  stars  displaying  their  diversified  radiance- 
such  a  scene  must  have  attracted  the  attention  of 
every  spectator,  and  led  him  to  observe  their  ap- 
parent motions,  and  to  inquire  into  their  order 
and  arrangement,  and  their  use  in  measuring  the 
exact  length  and  ])roportions  of  days,  and  mouths, 
and  years.  Hence  our  English  poet,  Milton,  very 
properly  represents  our  first  progenitors,  Adam 
and  Eve,  celebrating  the  praises  of  th.eir  Maker, 
after  taking  a  survey  of  the  nocturnal  heavens. 

Adam,  "  These  are  lliy  glorious  works,  Parent  of  Good, 
Almighty!  thine  tliis  universal  frame, 
Thus  wondrous  fair;  thyself  how  wondrous  then! 

Kve.         Unspeakable!  who  siitest  above  these  heavens 
To  us  invisihle  or  dimly  seen 
In  these  thy  lowest  works;  yet  these  declare 
Thy  goodness  beyond  thought,  and  power  divine.'^ 

Hence  we  find  that  Josei)hus,in  his  book  of  the 
"  Antiquities  of  the  Jews,"  relates  that  "  Seth  and 
his  descendants  were  persons  of  hap]>y  tempers, 
and  lived  in  peace,  emjiloyiiig  themselves  in  the 
study  of  astronomy,  and  in  other  researches  after 
useful  knowledge."  Fie  also  remarks  that,  "God 
indulged  the  antediluvians  with  a  long  life,  thai 
they  might  bring  astronomy  and  geometry  to  per- 
fection." And  the  long  lives  of  men,  at  that  pe- 
riod, when  many  reached  the  age  of  eight  or  nine 
hundred  years,  had  a  tendency  to  improve  tho 
science  of  astronomy;  since  the  same  individual 
might  observe  the  jjlanet  Saturn  go  through  mora 
than  thirty  revolutions.  We  have,  therefore,  rea- 
son to  conclude  that  many  of  the  antediluvianf 
were  intelligent  astronomers:  but  their  observa- 
tions, if  they  were  ever  recorded,  must  have 
perished  in  the  general  deluge,  unless  Noah,  who 
was  a  wise  and  good  man,  had  secured  some  of 
the  most  valuable  of  them  in  the  ark,  and  trans- 
mitted the  results  to  his  posterity. 

After  the  deluge,  the  nations  most  noted  for 
the  cultivation  of  the  science  of  the  heavens  wera 
the  Chaldeans,  the  Egyptians,  and  the  Chineso. 
It  is  remarked  by  Joseph  us  that  Abraham  was  a 
most  attentive  observer  of  the  stars;  that  he  was 
a  person  of  great  sagacity,  both  for  understanding 
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all  ihiiigs,  and  persuading  his  hearers,  and  that 
he  first  brought  astronomy  from  Chaldea  into 
Egypt. 

The  Egyptians  appear  to  have  made  some  pro- 
gress in  astronomy,  at  as  early  a  period  as  the 
Chaldeans.  Their  Pyrainids,  the  most  ancient 
monuments  in  the  world,  prove  their  skill  in  prac- 
tical astronomy,  as  they  are  all  situated  in  such  a 
manner,  that  their  several  sides  front  very  exactly 
the  four  cardinal  points,  east,  west,  north,  and 
south.  The  system  adopted  by  the  Egyptians 
was  the  following:  they  conceived  that  the  planets 
Mercury  and  Venus  revolved  like  satellites,  around 
the  sun,  their  orbits  being  carried  along  with  him 
in  his  revolution  round  the  earth.  They  sup- 
posed the  earth  immovable  as  the  center  of  the 
system,  and  the  other  celestial  bodies  to  turn 
around  the  same  center;  first  the  moon,  then  the 
sun,  about  wliich  they  supposed  Mercury  and 
Venus  to  revolve,  next  the  planet  Mars,  then  Ju- 
piter, next  to  Jupiter  Saturn,  and  lastly  the  sphere 
of  the  fixed  stars.  The  Chinese  pretend  that  their 
nation  studied  astronomy  soon  after  the  flood,  and 
date  their  astronomical  knowledge  from  Folii,  the 
first  of  their  kings;  supposed  by  some  to  have  been 
Noah,  as  it  is  understood  that  he  journeyed  with  his 
children  in  the  direction  of  China,  about  the  time 
of  the  building  of  the  tower  of  Babel. 

Among  the  Greeks,  astronomy  was  cultivated 
by  Tiiales,  the  Milesian,  Anaxagoras,  Anaximan- 
der,  Pythagoras,  Aristarchus  and  others.  Pytha- 
goras, who  flourished  about  five  hundred  years 
before  the  Christian  era,  taught  that  the  sun  was 
in  the  center  of  the  universe;  that  the  earth  is 
globular,  and  moves  round  the  sun;  that  Venus 
is  the  morning,  as  well  as  the  evening  star;  that 
the  moon  reflects  the  sun's  rays,  and  is  inhabited; 
that  the  stars  are  worlds,  and  that  comets  are 
wandering  stars.  This  is  nearly  the  system  which 
was  restored  by  Copernicus,  in  the  fifteenth  cen- 
tury. 

Hipparchus,  born  at  Nice,  in  Bithynia,  appears 
to  have  made  considerable  advances  in  the  culti- 
vation of  every  branch  of  astronomy.  He  flour- 
ished about  one  hundred  and  forty  years  before 
Christ.  He  was  among  the  first  astronomers  on 
record  who  attempted  to  number  the  stars,  and  to 
determine  their  exact  positions.  He  was  first  in- 
duced to  commence  this  labor  in  consequence  of 
the  appearance  of  a  new  star,  in  order  that  suc- 
ceeding astronomers  might  learn  whether  any 
changes  take  place  in  the  heavens. 

Ptolemy,  a  native  of  Pelusium,  in  Egypt,  born 
in  the  year  69,  is  the  most  ancient  astronomer 
whose  works  have  been  handed  down  to  our 
times.  His  Almagest,  or  the  great  composition, 
is  that  to  which  we  are  indebted,  not  only  for  his 
own  observations,  but  for  almost  all  that  remains 
of  Hipparchus,  Aristillus,  Timocharis,  and  the 
ancient  Babylonians.  According  to  the  system 
of  Ptolemy,  the  earth  is  immovable  in  the  center 
of  the  universe,  and  the  planets  move  round  it  in 
the  following  order:  first  the  moon,  then  Mercury 
and  Venus;  next  to  Venus  the  sun;  then  Mars, 
Jupiter,  and  Saturn,  in  the  order  here  stated;  and 
above  all  these,  the  firmament  of  the  fixed  stars, 
all  which  were  conceived  as  revolving  around  tiie 
earth  every  twenty-four  hours.  He  supposed 
that  the  planets  moved  round  the  earth,  each  in  a 
vast  solid  transparent  globe,  having  the  planet  at- 
tached to  its  surface;  and  as  these  transparent 
spheres  did  not  account  for  all  the  motions  and 
apparent  irregularities  of  the  heavenly  bodies,  he 
contrived  other  and  still  more  complicated  ma- 
chinery, such  as  cycles,  epicycles,  deferents,  etc., 
lu  order,  if  possible,  to  solve  appearances.     Tiiis 


system,  notwitlistanding  its  absurdity,  and  its  con- 
trariety to  the  appearances  of  the  universe,  con- 
tinued in  vogue,  even  among  the  learned,  for  tlie 
space  of  more  than  one  thousand  four  hundred 
years,  or  until  the  middle  of  the  fifteenth  century. 
During  this  period,  a  few  individuals  appeared 
who  cultivated  astronomy,  such  as  Almansor, 
Almanon  and  others  among  the  Arabians;  Ulugh 
Beigh,  a  prince  of  Tartary;  Alhazen,  an  Arab  in 
Spain;  Alphonso  X,  king  of  Castile;  Roger  Ba- 
con, and  several  others;  but  they  all  adopted  the 
absurd  hypothesis  of  Ptolemy. 

About  the  beginning  of  the  sixteenth  century, 
Copernicus,  a  bold  and  original  genius,  began  to 
be  distinguished  for  his  attainments  in  astronomy. 
Perceiving  that  the  clumsy  and  unnatural  system 
of  Ptolemy  could  never  account  for  the  motions 
and  appearances  of  the  celestial  orbs,  he  adopted 
the  Pythagorean  system,  which  had  been  broached 
five  hundred  years  before  Christ,  and  wrote  a  pro- 
found treatise  in  confirmation  of  it,  entitled,  "  As- 
tronomy Restored;  or.  The  revolutions  of  the  Ce- 
lestial Orbs."  With  a  bold  and  daring  hand,  he 
dashed  the  crystalline  orbs  of  Ptolemy  into  pieces, 
swept  away  his  cycles,  epicycles,  and  deferents, 
placed  the  sun  in  the  center  of  the  system,  re- 
moved the  earth  from  its  quiescent  state,  and  set  it 
in  motion  through  the  regions  of  the  firmament, 
in  company  with  the  other  planetary  orbs.  This 
system  was  at  first  violently  opposed,  both  by  the 
vulgar,  the  dignitaries  of  the  Romish  church,  and 
pretended  philosophers,  as  contrary  both  to  sense, 
reason  and  Scripture,  and  many  of  its  abettors 
were  subjected  to  violent  persecutions.  But  it  is 
now  universally  received  by  all  men  of  learning, 
and  by  every  one  who  has  investigated  the  mo- 
tions and  other  phenomena  of  the  heavens.  It 
has  opened  to  our  view  the  harmony  and  order  of 
the  planetary  system,  the  wisdom  and  intelli- 
gence of  its  great  Author,  and  laid  the  foundation 
of  all  the  discoveries  which  have  subsequently 
been  made  in  this  science.  It  was  afterward  ably 
supported  by  the  writings  and  observations  of 
Galileo,  Kepler,  Gassendi,  Hevelius,  Huygens, 
Cassini,  and  other  celebrated  astronomers,  by 
whom  its  principles  have  been  established  on  a 
foundation  stable  and  permanent  as  the  laws  of 
the  universe. 

About  sixty  or  seventy  years  after  the  publica- 
tion of  this  system,  the  invention  of  the  telescope, 
and  the  discoveries  made  with  this  instrument  by 
Galileo,  tended  to  confirm  its  principles,  and  to 
expand  our  views  of  the  sublimity,  the  variety, 
and  multitude  of  the  objects  which  the  universe 
displays.  This  illustrious  astronomer  first  dis- 
covered, by  his  telescope,  the  satellites  of  Jupiter, 
the  phases  of  Venus,  the  spots  of  the  sun,  and  the 
rotation  of  this  globe  round  its  axis,  the  moun- 
tains and  vales  in  the  moon,  the  stars^in  the  Milky 
V/ay,  and  an  extruordiiiary  phenomenon,  which 
he  imagined  to  bo  two  small  globes,  connected 
with  the  planet  Saturn.  These  discoveries  were 
made  about  the  year  ]  610,  soon  after  the  telescope 
was  invented.  About  forty-eight  years  afterward, 
Huygens,  a  celebrated  niallieniatician  and  astrono- 
mer, in  Holland,  with  telescopes  of  a  much  larger 
size  than  those  of  Galileo,  discovered  that  the  phe- 
nomenon connected  with  Saturn  was,  in  reality,  an 
immense  ring  surrounding  that  planet,  raid  thirty 
thousand  miles  distant  from  every  part  of  it  He, 
at  the  same  time,  discovered  the  fourth  satellite 
of  Saturn;  and  in  these  and  other  observations  he 
used  telescopes  of  his  own  construction  of  twelve, 
twenty-three,  and  even  one  hundred  and  twenty 
feet  in  length.  Some  time  afterward,  Cassini,  a 
French  astronomer,  discovered  the  first,  second, 
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third,  and  fifth  satellites  of  Saturn,  and  the  periods 
of  the  rotation  of  Mars  and  Venus. 

About  the  period  to  which  we  now  allude, 
flourished  the  illustrious  Sir  Isaac  Newton,  who 
laid  the  foundation  of  physical  astronomy.  About 
the  year  1666,  when  in  the  twenty-fourth  year  of 
his  age,  he  retired  from  Cambridge  into  the  coun- 
try on  account  of  the  plague,  ami  sitting  one  day 
in  an  orchard,  under  a  tree,  an  apjile  happening 
to  fall  upon  his  liead,  led  him  into  a  number  of 
reflections.  Reflecting  on  the  power  by  which 
all  terrestrial  bodies  gravitate  toward  the  earth,  it 
occurred  to  him,  that  as  this  power  is  not  sensi- 
bly diminished  in  any  distance  to  which  we  can 
recede  from  the  earth's  center,  there  seemed  rea- 
son to  conclude  that  it  extended  much  farther 
than  it  was  generally  supposed,  and  even  might 
extend  as  far  as  the  moon;  and  if  this  were  true, 
he  concluded  that  her  motion  would  be  influenced 
by  it,  and  that  probably  it  was  this  very  force 
which  retained  her  in  her  orbit.  Following  out 
these  sublime  conceptions,  he  began  the  compo- 
sition of  his  immortal  work,  the  "  Principia," 
which  was  published  in  1687,  in  Latin,  under  the 
title  of"  Mathematical  Principles  of  Natural  Phi- 
losophy." He  also  invented  a  reflecting  tele- 
scope, which  bears  his  name. 

Contemporary  with  Newton  were  Dr.  Hooke, 
Flamstead,  Ha! ley,  Bradley,  Roemer,  Richer,  Pi- 
card,  Maraldi,  and  others,  whose  labors  greatly 
contributed  to  the  improvement  of  astronomy. 
Flamstead  was  the  first  astronomer  royal  in  the 
Observatory  at  Greenwich,  and,  for  nearly  half  a 
century,  was  assiduous  in  his  observations  of  the 
heavenly  bodies.  He  formed  a  catalogue  of  more 
than  three  thousand  stars,  with  their  right  ascen- 
sions, longitudes,  solar  distances,  and  apparent 
magnitudes.  Roemer,  a  Danish  astronomer,  was 
the  first  who  discovered  the  progressive  motion  of 
light.  By  comparing  the  eclipses  of  the  first 
satellite  of  Jupiter  with  the  times  of  their  immer- 
sions and  emersions  given  by  the  tables  of  Cassini, 
he  found  that  the  error  of  the  tables  depended  on 
the  distance  between  Jupiter  and  the  earth,  and 
hence  he  concluded  tliat  the  motion  of  light  was 
not  instantaneous,  and  that  it  moved  across  the 
diameter  of  the  earth's  orbit  in  about  sixteen 
minutes,  or  at  the  rate  of  1132,000  miles  in  a  se- 
cond. 

Few  discoveries  were  made  in  the  heavens  from 
the  beginning  of  the  eighteenth  century  until 
the  period  when  SirW.  Herschel  applied  his  large 
telescopes  to  the  spaces  of  the  firmament.  His 
discoveries  have  greatly  extended  our  views  botli 
of  the  planetary  system,  and  of  the  sidereal  hea- 
vens. On  the  13th  March,  1781,  he  discovered 
a  new  planet  l)eyond  the  orbit  of  Saturn,  to  which 
he  gave  the  name  of  Georgium  Sidus;  but  it  is 
now  generally  distinguished  by  the  name  of  Ura- 
nus. On  the  11th  January,  1787,  he  discovered 
the  second  and  fourth  satellites  which  move  round 
this  planet;  in  1790  and  1794,  he  discovered  four 
other  satellites  revolving  round  the  same  body. 
In  1789  he  discovered  the  sixth  and  seventh  sat- 
ellites of  Saturn;  he  also  determined  the  rotation 
and  figure  of  this  planet — discovered  that  it  had 
a  double  ring,  and  was  marked  with  several  belts 
parallel  to  its  equator.  His  son,  Sir  J.  Herschel. 
has  also  distinguished  himself  by  his  unwearied 
observations  on  the  heavens.  In  conjunction 
with  Sir  J.  South,  he  produced  a  catalogue  of 
380  double  stars,  whose  distances  and  angles  of 
position  they  had  determined  with  the  utmost 
precision.  Sir  J.  Herschel  afterward  produced  a 
list  of  upward  of  3300  double  and  triple  stars, 
from  his  own  solitary  observations,  accompanied 


with  all  the  micrometrical  measurements;  and 
about  ten  or  twelve  years  ago,  he  went  to  the 
Cape  of  Good  Hope  for  the  purpose  of  mi-king 
observations  in  the  southern  region  of  the  hea- 
vens, and  made  some  interesting  discoveries.  On 
the  1st  of  January,  1801,  M.  Piazzi,  a  Sicilian 
astronomer,  discovered  a  small  planet  between 
the  orbits  of  Mars  and  Jupiter,  which  has  been 
named  Ceres.  On  the  28th  March,  1802,  Dr. 
Olbers,  of  Bremen,  discovered  another  planet, 
near  the  same  region,  which  is  named  Pallas. 
On  the  1st  September,  1804,  Mr.  Harding,  of 
Lilienthal,  discovered  another,  which  is  named 
Juno,  distinguished  for  the  great  eccentricity  and 
inclination  of  its  orbit.  On  the  26th  March, 
1807,  Dr.  Olbers  discovered  a  fourth  planet,  which 
he  named  Vesta.  The  latest  discovery  of  this 
kind  we  have  to  record  was  made  by  Mr.  Hencke, 
of  Driesen,  on  the  8th  December,  1845,  when  he 
discovered  another  planet  somewhat  similar  to  the 
four  now  mentioned,  which  is  nearly  at  the  same 
distance  from  the  sun,  and  accomplishes  its  revo- 
lution in  nearly  the  same  period  as  the  others. 
This  planet  has  been  named  Astrsea. 

In  the  present  day  there  are  many  distinguish- 
ed cultivators  of  astronomical  science,  from  whose 
observations  and  researches  new  discoveries  may 
be  expected.  The  names  of  South,  Herschel, 
Airy,  Smyth,  Robinson,  the  Earl  of  Rosse,  Schu- 
macher, Strijve,  Harding,  Bessel,  Arago,  and  a 
multitude  of  others,  are  well  known  as  distin- 
guished cultivators  of  the  science  of  the  heavens. 
It  is  to  be  hoped  that  the  Earl  of  Rosse,  by  means 
of  the  large  and  splendid  telescope  he  has  lately 
erected,  will  be  enabled  to  make  new  discoveries, 
and  to  enlarge  our  views  of  the  grandeur  of  the 
sidereal  heavens.  He  has  already  analyzed  some 
of  the  nebulte,  and  shown  them  to  consist  of  im- 
mense clusters  of  stars  which  could  not  be  per- 
ceived by  any  former  telescopes;  and  this,  we 
would  hope,  is  only  a  prelude  to  still  more  sub- 
lime discoveries.  What  further  advances  astro- 
nomy may  yet  make,  we  dare  not  venture  to  an- 
ticipate. The  number  of  individuals  who  devote 
themselves  to  this  study  is  gradually  increasing; 
its  instruments  of  observation  are  rapidly  im- 
proving; and  we  can  scarcely  set  boundaries  to 
the  discoveries  that  may  yet  be  made.  In  future 
ages,  man,  by  the  improvements  in  optical  and 
other  instruments,  may  be  able  to  penetrate  much 
farther  into  the  distant  regions  of  the  universe 
than  he  has  hitherto  done,  and  may  descry  myr- 
iads of  objects  which  have  hitherto  remained  in- 
visible in  the  unexplored  regions  of  immensity. 
And  after  all  the  discoveries  which  mortals  can 
bring  to  view  from  this  terrestrial  sphere,  the 
greater  part  of  the  works  of  the  Almighty  will 
still  remain  to  be  explored  throughout  the  ages 
of  eternity. 


III. 


EXPLANATION  OF  ASTRONOMICAL  TERMS 

Aberration,  an  apparent  change  of  place  in 
the  fixed  stars,  which  arises  from  the  motion  of 
the  earth  combined  with  the  motion  of  light. 

Achernar,  a  fixed  star  of  the  first  magnitude, 
in  the  constellation  Eridanus,  r.  a.  1  hour,  31 
minutes. — Dec.  58  degrees,  16^^  minutes. 

Achronical  rising  or  setting  of  a  planet,  or  star, 
is  when  it  rises  at  sunset,  or  sets  at  sunrise. 

Aldebaran,  a  fixed  star  of  the  first  magnitude 
in  the  head  of  the  constellation  Taurus;  some- 
times called  the  BuWs  eye. 
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Aerolites,  or  air-stones,  are  semi-metallic  sub- 
Btances  which  are  found  to  fall  from  the  atmo- 
»phere  in  different  countries.  Some  philosophers 
have  iman;ined  that  they  are  the  fragments  of  a  pla- 
net that  had  been  burst  asunder. 

Alyol,  a  star  in  Medusa's  head  which  varies 
from  the  second  to  the  fourth  magnitude. 

Aliuth,  a  fixed  star  in  the  tall  of  the  Great  Bear. 

Almicanters,  imaginary  circles,  which  are  sup- 
posed to  be  drawn  parallel  to  the  horizon,  and  to 
pass  through  every  degree  of  the  meridian,  to 
show  the  altitude  of  a  celestial  object  above  the 
horizon. 

Altitude,  the  bight  of  the  sun,  moon,  or  stars 
above  the  horizon,  reckoned  in  degrees  and  min- 
utes, on  a  vertical  circle. 

Amphiscii,  a  name  given  to  the  inhabitants  of 
the  torrid  zone,  on  account  of  their  shadows  fall- 
ing at  one  time  of  the  year  toward  the  south,  and 
at  another  time  toward  the  north. 

Amplitude,  an  arc  of  the  horizon,  contained  be- 
tween the  east  or  west  point  of  the  heavens,  and 
the  center  of  the  sun  or  a  star  at  tlie  time  of  its 
rising  or  setting. 

Anomaly  (the  true),  the  distance  of  a  planet 
in  signs,  degrees,  etc.,  from  that  point  of  its  orbit 
which  is  farthest  from  the  sun.  The  mean  ano- 
maly is,  that  which  would  take  place  if  the  planet 
moved  uniformly  in  the  circumference  of  a  circle. 

Antoeci,  a  name  given  to  those  inhabitants  of 
the  earth,  who  live  under  the  same  meridian,  and 
at  equal  distances  from  the  equator,  but  on  oppo- 
site sides  of  it. 

Antipodes,  those  inhabitants  of  the  earth  who 
live  diametrically  opposite  to  each  other,  or  walk 
feet  to  feet,  on  opposite  sides  of  the  globe. 

Aphelion,  that  point  in  the  orbit  of  a  planet  in 
which  it  is  at  its  greatest  distance  from  the  sun. 

Apogee,  that  point  in  which  the  sun,  or  a  planet. 
Is  farthest  distant  from  the  earth. 

Apsides,  the  two  most  remote  points  of  a  plan- 
et's orbit,  otherwise  termed  its  aphelion  and  peri- 
helion. A  line  joining  those  points  is,  the  line 
oi"  the  apsides. 

Armillary  sphere,  an  instrument  composed  of 
the  principal  circles  which  are  drawn  on  an  artifi- 
cial globe. 

Ascii,  the  inhabitants  of  the  torrid  zone;  so 
called  because  the  sun  being  twice  a  year  in  their 
zenith,  their  bodies  at  those  times  cast  no  shadow. 

Axis  of  the  earth,  or  of  a  planet;  an  imaginary 
line  passing  through  the  center  from  one  pole  to 
another,  round  which  they  perform  their  diurnal 
rotation. 

Azimuths,  great  circles  which  pass  through  the 
zenith  and  nadir  perpendicular  to  the  horizon. 
The  azimuth  of  a  celestial  body  is  an  arc  of  the 
horizon  contained  between  the  east  and  west 
points,  and  a  vertical  circle  passing  through  the 
center  of  that  object^ 

Bete,  zones  surrounding  the  body  of  Jupiter 
and  Saturn. 

Bissextile  (or  Leap  Year),  which  happens 
every  fourth  year,  contains  366  days;  one  day 
being  added  to  the  month  of  February. 

Cardinal  points  of  the  compass;  the  east,  west, 
north  and  south  points. 

Cardinal  points  of  the  ecliptic;  the  first  points 
of  the  signs,  Aries,  Cancer,  Libra,  and  Capricorn. 

Centrifugal  force,  that  force  by  which  any  re- 
volving body  endeavors  to  fly  oil'  from  the  center 
of  motion  in  a  tangent  to  the  circle  it  describes. 

Centripetal  force,  the  tendency  which  a  body 
h^  to  the  center  of  its  revolution. 


Comets,  erratic  bodies  belonging  to  our  system, 
which  move  round  the  sun  in  very  eccentric  or- 
bits, distinguished  by  their  fiery  tails  and  nebu- 
lous aspects. 

Colurcs,  two  imaginary  circles  or  meridians, 
one  of  which  passes  through  the  solstitial  points 
Cancer  and  Capricorn,  and  the  other  through  the 
equinoctial  points  Aries  and  Libra. 

Conjunction,  is  when  two  or  more  stars,  or 
planets,  are  in  the  same  part  of  the  heavens. 

Constellation,  an  assemblage  of  stars. 

Cosmical  rising  or  setting  of  a  planet,  or  star, 
is  when  it  rises  with  the  sun  in  the  morning,  or 
sets  with  him  in  the  evening. 

Crystalline  heavens,  two  solid  orbs  by  means  of 
which  the  ancients  attempted  to  account  for  tho 
apparent  motions  of  the  fixed  stars. 

Cusps,  the  points  or  horns  of  the  moon,  or  of 
a  planet. 

Cycle  of  the  moon,  a  revolution  of  nineteen 
years,  in  which  time  the  conjunction  and  lunar 
aspects  are  nearly  the  same  as  they  were  nineteen 
years  before. 

Day  (astronomical),  the  time  between  two  suc- 
cessive transits  of  the  sun's  center  over  the  same 
meridian,  which  always  begins  and  ends  at  noon. 

Day  (sidereal),  the  time  which  elapses  during 
the  rotation  of  the  earth  from  one  star  until  it  re- 
turns to  the  same  star  again,  and  consists  of  23 
hours,  56  minutes,  4  seconds. 

Declination  is  the  distance  of  any  celestial  ob- 
ject north  or  south  from  the  equator,  reckoned  in 
degrees,  minutes,  etc.,  upon  a  circle  which  is  per- 
pendicular to  it. 

Degree,  the  360th  part  of  a  circle,  or  the  30th 
part  of  a  sign. 

Disc  of  the  sun,  or  moon,  is  its  round  face, 
which,  on  account  of  the  great  distance  of  the 
object,  appears  flat. 

Digit,  the  I2th  part  of  the  sun's  diameter,  which 
is  used  in  the  calculation  of  eclipses. 

Diurnal  motion  of  the  earth,  its  rotation  on  its 
axis. 

Eccentricity,  the  distance  between  the  center 
of  a  planet's  orbit,  and  the  focus  round  which  it 
revolves. 

Eclipse,  a  deprivation  of  the  light  of  the  sun, 
by  tho  interposition  of  the  moon;  or  of  the  light 
of  the  moon,  by  the  interposition  of  the  earth. 

Ecliptic,  a  great  circle  in  the  heavens  through 
which  the  sun  apparently  makes  its  annual  revo- 
lution; but  which  is  in  reality  the  earth's  path 
round  the  sun.  It  makes  an  angle  with  the  equa- 
tor of  23  degrees,  28  minutes. 

Elongation,  the  annular  distance  of  a  planet  from 
the  sun,  as  it  appears  from  the  earth.  It  is  applied 
only  to  the  inferior  planets.  Mercury  and  Venus. 

Emersion,  the  re-appearance  of  a  celestial  body 
after  having  been  eclipsed. 

Equation  of  time,  the  difference  between  real 
and  apparent  time,  or  between  that  shown  by  a 
true  clock  and  a  sun-dial.  It  depends  on  the  ob- 
liquity of  the  ecliptic,  combined  with  the  unequal 
motion  of  the  earth  in  its  orbit. 

Equator,  or  a  great  circle  of  the  earth  which 
separates  tiie  northern  from  the  southern  hemi- 
sphere. When  referred  to  the  heavens,  it  is  called 
the  Equinoctial.  , 

Equinoxes,  two  opposite  points  in  Aries  and 
Libra,  where  the  ecliptic  cuts  the  equinoctial. 
When  the  sun  is  in  these  points  the  days  and 
nights  are  equal  to  each  other. 

Foci  of  an  ellipse,  two  points  in  the  longest,  or 
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transverse  axis,  on  each  side  of  the  center;  from 
each  of  whicli  if  any  two  lines  be  drawn  to  meet 
each  other  in  the  circumference,  their  sum  will 
be  equal  to  the  transverse  axis. 

Galaxy,  or  the  Milky  Way,  a  luminous  and  ir- 
regular zone  which  encompasses  the  heavens, 
which  is  found  to  be  composed  of  an  immense 
number  of  stars. 

Geocentric  place  of  a  planet,  is  that  position 
which  it  has  when  seen  from  the  earth. 

Gibbous,  a  term  used  in  reference  to  the  enlight- 
ened part  of  the  moon,  from  the  first  quarter  to 
the  full,  and  from  the  full  to  the  third  quarter. 

Gravity  or  Gravitation,  that  force  by  which  all 
masses  of  matter  tend  toward  each  other. 

Halo,  a  luminous  circle  round  the  body  of  the 
sun,  or  moon. 

Heliacal  rising  of  a  star,  is  when  it  emerges 
from  the  sun's  rays,  and  appears  above  the  hori- 
zon before  him  in  the  morning. 

Heliacal  setting  of  a  star,  is  when  it  is  so  hid 
in  the  sun's  beams  as  not  to  be  seen  above  the 
horizon  after  him  in  the  evening. 

Heliocentric  place  of  a  planet,  is  that  in  which 
it  would   appear  to  a  spectator  placed  in  the  sun. 

Hemisphere,  the  half  of  a  globe  or  sphere. 

Heteroscii,  a  name  given  to  the  inhabitants  of 
the  temperate  zones,  because  their  sliadows  at 
noon  always  fall  one  way. 

Horizon  (the  sensible),  a  circle  which  separates 
the  visible  from  the  invisible  hemisphere,  and 
forms  the  boundary  of  our  sight. 

Horizon  (the  rational),  a  great  circle  which  is 
parallel  to  the  former,  and  whose  poles  are  the 
zenith  and  the  nadir. 

Hour  circles,  the  same  as  meridians — marking 
the  hours. 

Immersion,  the  moment  when  an  eclipse  begins, 
or  when  a  planet  enters  into  the  shadow  of  the 
body  that  eclipses  it. 

Inclination,  the  angle  wliich  the  orbit  of  one 
planet  makes  with  that  of  another,  or  with  the 
plane  of  the  ecliptic. 

Inferior  planets,  those  that  move  at  a  less  dis- 
tance from  the  sun  than  the  earth,  which  are  Mer- 
cury and  Venus. 

Latitude  of  a  place,  its  distance  from  the  equa- 
tor, reckoned  in  degrees  and  minutes  upon  the  arc 
of  a  great  circle. 

Latitude  of  a  star,  or  planet,  is  its  distance  from 
the  ecliptic,  reckoned  in  degrees,  etc.,  on  the  arc 
of  a  great  circle. 

Lesser  Circles  of  the  sphere,  those  whose  planes 
do  not  pass  througli  the  center,  and  which  divide 
the  sphere  into  two  unequal  parts.  Great  circles, 
as  the  equator,  meridians,  etc.,  divide  the  sphere 
into  two  equal  parts. 

Libration  of  the  moon,  an  apparent  irregularity 
in  her  motion  on  her  axis,  by  which  we  some- 
times se-e  more  tiian  the  usual  half  of  her  disc. 

Longitude  of  a  place,  its  distance  east  or  west 
from  tlie  first  meridian,  reckoned  in  degrees,  etc., 
upon  the  equator. 

Longitude  of  a  star  or  planet,  its  distance  from 
the  first  point  of  Aries,  reckoned  in  degrees,  etc., 
upon  the  ecliptic. 

Lunation,  the  time  between  one  new  moon  and 
another;  which  is,  on  an  average,  29  days,  12 
hours,  44  minutes,  3  seconds. 

Macul<B,  dark  spots  which  appear  on  the  face 
of  the  sun;  and  Faculce  are  bright  spots  some- 
times seen  on  the  soUj  disc* 


Magellanic  clouds,  certain  whitish  appearances 

in  the  heavens,  in  the  southern  hemispliere,  sup- 
posed to  consist  either  of  an  immense  number  of 
stars,  or  nebulee. 

Magnitudes,  the  stars  are  divided  into  six  classes; 
the  brightest  are  called  stars  of  the  first  magni- 
tude; the  next  in  brightness,  the  second  magni- 
tude, etc. 

Mean  motion  of  a  planet,  that  which  would  take 
place  if  it  moves  in  a  perfect  circle,  and  equally 
every  day. 

Meridian,  a  great  circle  of  the  sphere  which 
passes  through  the  zenith  and  the  poles,  and  per- 
pendicular to  the  horizon. 

Micrometer,  an  instrum.ent  fitted  to  a  telescope 
to  measure  very  small  angles;  as  the  diameters  of 
the  planets,  etc. 

Nadir,  that  point  in  the  heavens  directly  oppo- 
site to  the  zenith,  or  immediately  under  our  feet. 

Nebula,  luminous  spots  in  the  heavens,  or  clus- 
ters of  small  stars,  discovered  by  the  telescope. 

Nocturnal  arc,  that  space  of  the  heavens  which 
the  sun  apparently  desciibes  from  tlie  time  of  his 
setting  to  his  rising. 

Nodes,  two  points  when  the  orbit  of  the  moon, 
or  of  a  planet,  intersects  the  plane  of  the  ecliptic 

Nucleus,  a  term  used  to  denote  the  liead  of  a 
comet. 

Oblique  ascension,  an  arc  of  the  equinoctial  con- 
tained between  the  first  degree  of  Aries,  and  that 
point  of  it  which  rises  with  the  center  of  the  sun 
or  star. 

Oblique  sphere,  that  position  of  the  globe  in 
which  either  of  the  poles  is  elevated  above  the 
horizon  any  number  of  degrees  less  than  ninety. 

Occuliation  is  when  a  star,  or  planet,  is  hid  from 
our  sight  by  the  interposition  of  the  moon  or  some 
other  planet. 

Opposition,  an  aspect  of  the  stars  or  planets 
when  they  are  180  degrees  distant  from  each 
other,  marked  thus   § 

Orbit,  the  curve  which  a  planet  describes  in  its 
revolution  round  the  sun. 

Parallax,  the  difference  of  the  place  of  any 
celestial  object,  as  seen  from  the  surface  of  the 
earth,  and  from  its  center. 

Parallax  of  the  earth's  annual  orbit,  the  angle  at 
any  planet  subtended  by  the  distance  between  the 
earth  and  the  sun. 

Parallels  of  latitude,  small  circles  of  the  sphere 
which  are  drawn  parallel  to  the  equator. 

Penumbra,  a  faint  shadow  observed  between  the 
perfect  shadow  and  the  full  light  in  an  eclipse. 

Perigee,  that  point  of  the  solar  and  lunar  orbit 
which  is  nearest  the  earth. 

Perihelion,  that  point  of  the  orbit  of  a  planet 
nearest  the  sun. 

Periscii,  the  inhabitants  of  the  frigid  zones,  be- 
cause their  shadows  go  around  them  for  six 
months,  or  fall  toward  opposite  points  of  the 
compass. 

Phases,  the  differant  appearances  of  the  illumi- 
nated parts  of  the  moon,  or  planets. 

Phenomenon,  any  extraordinary  appearance  in 
the  heavens;  as  a  comet,  etc. 

Planetarium,  an  astronomical  machine  for 
showing  the  motions  and  other  phenomena  of  the 
planets. 

Pleiades,  or  the  seven  stars,  an  assemblage  of 
star^  in  the  constellation  of  Taurus. 

Polar  circles,  two  small  circles,  23  degrees  and 
a  half  from  the  poles;  the  arctic  in  the  north  aud 
the  antarctic  in  the  south. 
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Pole  star,  a  star  of  the  second  magnitude  in  the 
tail  of  the  Little  Bear;  so  called,  because  it  is 
nsar  the  north  pole. 

Precession  of  the  equinoxes,  a  slow  motion  of  the 
two  points  where  the  equator  intersects  the  eclip- 
tic, which  go  backward  about  50  seconds  in  a  year. 

Quadrant,  the  fourth  part  of  a  circle;  or  an  in- 
strument for  measuring  angles,  and  taking  the 
idtitudes  of  the  sun  and  other  heavenly  bodies. 

Quadrature,  the  position  of  the  moon  when 
distant  90  degrees  from  the  sun;  as  in  the  first 
and  third  quarters. 

Refraction,  the  bending  of  the  rays  of  light  in 

Eassing  through  the  atmosphere,  by  which  the 
eavenly  bodies  appear  more  elevated  than  they 
really  are. 

Retrograde,  an  apparent  motion  of  the  planets, 
In  some  parts  of  their  orbits,  when  they  seem  to 
go  backward,  or  contrary  to  the  order  of  the  signs. 

Right  ascension  is  that  degree  of  the  equator 
which  comes  to  the  meridian  with  the  sun,  moon, 
or  star,  reckoning  from  the  first  point  of  Aries. 

Rotation,  the  motion  of  any  heavenly  body 
round  its  axis. 

Satellites,  secondary  planets  or  moons,  which 
revolve  round  the.  pritnary  planets. 

Sextile,  an  aspect  of  the  heavenly  bodies,  when 
they  are  60  degrees  distant  from  each  other. 

Sidereal,  of  or  belonging  to  the  stars. 

Solstitial  points,  the  first  degree  of  Cancer  and 
Capricorn  at  wiiich  the  ecliptic  touches  the  tropics. 

Selenography,  a  representation  of  the  moon, 
with  a  description  of  her  difi^rent  spots  and 
appearances. 

Sign,  the  twelfth  part  of  the  ecliptic,  or  30 
degrees. 

Sphere,  the  concavity  of  the  heavens  in  which 
the  stars  appear. 

Superior  planets,  thse  which  move  at  a  farther 
distance  from  the  sun  than  the  earth;  as  Mars, 
Jupiter,  etc. 

System,  a  number  of  bodies  revolving  round  a 
common  center,  as  the  planets  round  the  sun. 

Syzigy,  a  term  usually  applied  to  the  moon, 
when  in  opposition,  or  m  conjunction,  or  when  at 
the  new  or  full. 

Telescope,  an  optical  instrument  for  the  pur- 
pose of  viewing  distant  objects,  particularly  the 
sun,  moon,  planets,  and  stars.  Telescopes  pro- 
duce their  etTects  either  by  refraction  through 
glasses,  or  reflection  from  speculums. 

Telescopic  stars,  those  stars  which  are  only  vi- 
sible by  means  of  Telescopes.  All  stars  beyond 
those  of  the  sixth  magnitude  are  reckoned  tele- 
scopic stars. 

Torrid  zone,  that  part  of  the  earth  which  is 
contained  between  the  two  tropics. 

Trajectory,  a  term  applied  to  the  orbit  of  a 
comet. 

Transit  of  a  planet  denotes  its  passing  over 
enother  planet,  or  star,  or  across  the  disc  of  the  sun. 

Trine,  an  aspect  of  the  planets  when  they  are 
120  degrees  distant  from  each  other. 

Tropics,  two  circles  parallel  to  the  equator,  and 
23  degrees  28  minutes  distant  on  each  side  of  it. 
They  are  named  Cancer  on  the  north,  and  Capri- 
corn on  the  south. 

Verfnr  Rrrdivs,  a  line  supposed  to  be  drawn 
from  any  planet  to  the  sun,  which,  moving  with 
tha  planet,  describes  equal  areas  iu  equal  tmies. 


Vertical  circles,  the  same  as  azimuth  circles,  or 
such  as  are  drawn  perpendicular  to  the  horizon. 

Prime  vertical,  is  that  azimuth  circle  which 
passes  through  the  east  and  west  points  of  tho 
horizon. 

Year  (the  solar),  the  time  which  the  sun  takes 
to  pass  from  one  tropic  until  it  returns  to  the 
same  again,  and  is  365  days,-  5  hours,  48  minutes, 
49  seconds. 

Year  (sidereal),  the  time  which  the  sun  takes 
to  pass  from  any  fixed  star  to  the  same  again, 
and  is  365  days,  6  hours,  9  minutes,  9  seconds. 

Zenith,  that  point  of  the  heavens  immediately 
over  head. 

Zodiac,  a  zone  surrounding  the  heavens,  18 
degrees  broad,  in  the  middle  of  which  is  the 
ecliptic.  The  orbits  of  all  the  old  planets  are  in- 
cluded in  this  zone. 

Zodiacal  light,  a  brightness  sometimes  observed 
in  the  heavens,  somewhat  similar  to  the  Milky 
Way. 

Zone,  a  division  of  the  sphere  between  two 
parallels  of  latitude.  There  are  five  zones;  ona 
torrid,  two  temperate,  and  two  frigid. 


IV. 


THE    TELESCOPE. 


As  those  who  have  acquired  a  taste  for  celes- 
tial observations,  may  wish  to  know  something 
respecting  the  telescope,  we  subjoin  the  following, 
veiy  brief  description. 

There  are  two  kinds  of  telescopes  generally 
distinguished, — the  refracting  and  the  reflecting 
telescope,  the  former  composed  of  lenses,  or  con- 
vex glasses,  and  the  latter  of  speculums  or  mirrors 
combined  with  lenses.  A  common  refracting 
telescope,  for  viewing  some  of  the  celestial  bodies, 
maybe  constructed  as  follows; — Procure  a  convex 
glass,  whose  focal  distance  is  about  three  feet. 
This  may  be  known  by  holding  the  glass  in  the 
sun's  rays,  and  measuring  the  distance  between 
the  glass  and  the  place  where  the  solar  rays  are 
condensed  into  a  small  spot.  Place  this  lens  at 
the  end  of  a  tube  about  three  feet  two  inches 
long,  in  which  there  is  a  small  sliding  tube  for 
fixing  the  eye-glass,  and  adjusting  the  focus  for 
distinct  vision.  At  the  distance  of  three  feet  one 
inch,  place  a  convex  glass  one  inch  focal  distance. 
The  object-glass  will  form  a  picture,  in  its  focus, 
of  all  the  objects  which  are  directly  onposite  to  it, 
and  this  picture  will  be  seen  magnified  in  looking 
through  the  eyeglass.  The  magnifying  power, 
iu  this  case,  wlU  be  in  the  proportion  of  three 
feet,  or  thirty-six  inches  to  one  inch;  tliat  is,  the 
instrument  will  magnify  the  diameters  of  all  ob- 
jects thirty-six  times,  or  make  them  appear  thirty- 
six  times  nearer  than  when  viewed  by  the  naked 
eye;  but  as  the  image  formed  by  the  object-glass 
is  in  an  inverted  position,  all  terrestriLiI  objects 
will  appear  through  it  as  turned.  iip.side  down. 
The  opening  at  the  object-glass  which  lets  in  tha 
light,  should  not  exceed  an  inch  in  diameter. 

With  such  a  telescope,  which  may  be  con« 
structed  for  five  or  six  shillings,  if  tlie  tubes  be 
made  of  paper  or  pasteboard,  the  satellites  of  Ju- 
piter, the  crescent  of  Venus,  tlie  solar  spots,  and 
the  inequalities  on  the  surface  of  the  moon  may 
be  distingui^lifd.  Galileo's  t^lppcojio,  witli  which 
he  made  the  first  discoveries  In  tlii.^  I.i-;ivens,  did 
not  magnify  more  than  such  a  telescope. 
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THE  NATURE,  PROPERTIES,  AND  BENEFICIAL  EFFECTS  OF  THE  ATMOSPHERE 
IN  THE  SYSTEM  OF  NATURE,  AND  THE  EVIDENCES  WHICH  ITS  CONSTITU- 
TION AFFORDS  OF  THR  WISDOM  AND  BENEFICENCE  OF  THE  CREATOR. 


INTRODUCTION. 


All  the  works  of  God,  throughout  the  immen- 
sity of  the  universe,  display  tlie  character,  per- 
fections, and  agency  of  the  Supreme  Creator,  to 
every  rational  'and  Christian  mind  tiiat  surveys 
thera  with  attention  and  intelligence.  From  the 
magnificent  luminaries  of  heaven  to  the  compara- 
tively small  globe  on  which  we  dwell,  and  the 
smallest  microscopic  animalcule  that  glides  through 
its  waters,  we  perceive  the  impress  of  omnipotence 
and  skill,  which  infinitely  surpass  all  the  puny 
labors  and  inventions  of  rrian.  These  works 
were  evidently  intended  by  their  Divine  Author 
to  be  investigated,  contemplated,  and  admired  by 
all  his  intel'.gent  offspring,  that  their  conceptions 
of  the  Divine  character  may  be  expanded,  and 
that  they  may  be  led  to  give  unto  Him  "the 
glory  due  unto  his  name."  The  enliglitened 
Christian,  therefore,  ought  to  devote  a  portion  of 
his  time  and  attention  to  •he  study  and  contem- 
plation of  the  works  of  God,  not  only  as  a  rational 
amusement,  but  as  a  solemn  duty:  for,  in  nu- 
merous passages  in  the  sacred  records,  this  duty 
is  expressly  inculcated:  "  Lift  up  your  eyes  on 
high,  and  behold  who  hath  created  these  things." 
—"Stand  still,  and  consider  the  wondrous  works 
of  God" — "The  works  of  the  Lord  are  great, 
sought  out  of  all  them  that  have  pleasure  therein" 
-"Great  and  marvelous  are  thy  works,  Lord 
God  Almighty." 

When  we  look  around  ou  the  surface  of  the 
earth,  and  behold  the  beautiful  and  sublime  land- 
scapes which  diversify  its  aspect,  the  variety  of 
colors  with  which  it  is  adorned,  the  myriads  of 
trees,  shrubs,  and  flowers  which  spring  from  its 
surface,  and  the  rich  per/umes  they  shed  around 
them — the  numerous  animated  beings  which  tra- 
trerse  the  air,  tiie  ocean,  and  the  earth,  and  the 
ttmple  provision  which  is  made  for  their  subsis- 
tence and  comfort — we  can  scarcely  fail  of  being 
impressed  witii  the  conviction,  that  the  Creator 
is  a  being  of  unbounded  beneficence,  that  "His 
tender  mercies  are  over  all  his  works,"  and  lint 
the  happiness  of  his  sensitive  and  intelligent  oiT- 
spring  is  one  great  end  of  all  his  arrangements. 
When   we   consider    tb^j  curious  and   exquisite 


structure  of  all  the  vegetable  tribes,  the  numer- 
ous vessels  with  which  they  are  furnished,  the 
thousands  of  delicate  tubes,  invisible  to  the  nakt^d 
eye,  through  which  their  sap  and  juices  are  con- 
tinually flowing  to  the  leaves  and  branches,  the 
millions  of  pores  through  which  they  shed  their 
delicious  odors,  and  the  carious  contexture  and 
the  numerous  beauties  which  the  microscope  alono 
can  discover  in  their  leaves,  prickles,  stamens, 
petals,  and  flowers: — when  we  consider  the  nu- 
merous orders  of  animated  beings — the  wonderful 
diversity  of  structure  they  exhibit,  in  their  eyes, 

ears,  feet,  joints,  claws,  wings,  and  movements 

their  numberless  contrivances,  which  enter  into 
their  construction  and  functions — the  thousand.* 
of  adjustments,  adaptations,  borings,  claspings, 
and  polishings,  which  enter  into  the  body  of  an 
animal  a  thousand  times  less  than  a  mite — the 
adaptation  of  all  these  contrivances  to  the  pur- 
poses of  life,  motion,  and  enjoyment,  and  their 
correspondence  to  the  surrounding  elements  in 
which  such  creatures  pass  their  existence: — and, 
in  particular,  when  we  contemplate  the  structure 
and  functions  of  our  own  corporeal  frames;  the 
hundreds  of  bones  of  different  shapes  and  sizes 
which  support  it;  the  hundreds  of  muscles  of  dif- 
ferent conformation,  which  give  motion  to  its 
different  parts;  the  thousands  of  glands,  secreting 
humors  of  various  kinds  from  the  blood;  thie 
thousands  of  lacteal  and  lymphatic  tubes,  absorb- 
ing and  conveying  nutriment  to  the  circulating 
fluid;  the  millions  of  pores,  throuTlj  which  the 
perspiration  is  continually  flowing;  the  infinite 
ramification  of  nerves,  diffusing  sensation  through- 
out all  tlie  parts  of  tliis  exquisite  machine;  and 
the  numerous  veins  and  arteries  which  convey 
the  whole  mass  of  blood  through  evcy  part  of 
the  body  ten  times  every  hour: — v."hen  wo  con- 
sider these  adaptations  and  arrangements  througli- 
out  the  vegetable  and  animal  kingdoms,  we  per- 
ceive the  marks  of  a  Divine  intelli^^ence  and  skill, 
which  completely  throw  into  tlie  shade  the  most 
exquisite  contrivances  of  human  genius,  and  which 
convince  us  that  the  wisdom  of  the  Creator  is  t«- 
Jinite,  and  "his  ways  past  findi'.'.g  out." 
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Tn  short,  when  we  lift  our  eyes  beyond  the  | 
boundaries  of  the  globe  on  which  we  dwell,  and  i 
look  upward  to  that  boundless  firmament  where 
8uns  unnumbered  shine,  and  planets  and  comets  ; 
run   their   ample  rounds — when  wo    behold    ten  j 
thousand  times    ten   thousand    of  luminous   and 
opaque    globes   of  vast  dimensions   scattered    in 
magnificent   profusion    throughout   every  region 
of  infinite  space;  when  we  contemplate  the  sun  , 
occupying  a  space  which  would  hold  one  million 
three  hundred   thousand  worlds  such  as  ours;  ai;d 
when   we  contemplate   globes   fourteen    hundred 
times  larger  than   our  world,  flying  through  the  , 
voids  of  space  with  a  velocity  of  thirty  thousand  , 
miles  an  hour,  and   carrying  along  with  them  in  i 
their  rapid  career  a  retinue  of  surrounding  worlds  ! 
— we  behold  the  effects  of  a  Power  which  all  the  j 
subordinate  intelligences  in  the  universe  can  never 
control,    a   power    before    which    the   mightiest 
achievements   of  human   art  sink   into  tlie  same 
scale  with  the  flutterings  of  a  microscopic  ani- 
malcule; a  power  which  astonishes  and  confounds 
the  imagination,  which   sets  at  defiance   human 
calculations,  but  which  conveys  to   the  mind  a 
most  impfessive  idea  of  the  grandeur  of  the  Di- 
vine Being,  and  of  the  magnificence  of  that  uni- 
verse which  his  hands  have  formed! 

It  is  not  merely  in  the  scenes  of  the  visible 
world  that  the  attributes  of  Deity  are  conspicu- 
ously displayed.  Even  in  the  invisible  regions 
of  creation,  which  are  impalpable  to  the  organs 
of  human  vision,  the  perfections  of  the  Eternal 
Mind  are  no  less  apparent  to  the  philosophic  and 
Christian  inquirer,  than  in  those  external  scenes 
of  beauty  and  magnificence  which  arrest  the  at- 
tention of  every  spectator.  Could  we  descend  to 
the  central  regions  of  our  globe,  and  contemplate 
the  processes  which  are  going  on  in  those  unex- 
plored and  unexplorable  recesses;  could  we  pene- 
tate  into  the  depths  of  the  ocean,  and  survey 
the  multiplicity  of  objects  which  lie  concealed  in 
its  unfathomable  caverns;  could  we  ascend  on 
the  wings  of  the  wind  with  the  vapors  which  rise 
from  its  surface,  and  contemplate  all  the  regions 
and  transformations  through  which  they  pass, 
until  they  again  descend  in  refreshing  rains  on 
the  mountains  and  vales;  could  we  wing  our 
flight  beyond  the  denser  regions  of  tlie  atmo- 
sphere into  those  places  where  fire-balls  and  shoot- 
ing stars  have  their  origin,  and  where  the  aurora 
borealis  displays  its  fantastic  coruscations;  could 
we  ascend  to  the  ethereal  spaces  wliich  intervene 
between  us  and  the  celestial  bodies,  and  investi- 
gate those  apparently  empty  regions  which  sur- 
round the  atmospheres  of  all  the  planets;  or, 
could  we  penetrate  into  the  chemical  processes 
and  changes  which  are  incessantly  going  on  among 
the  invisible  atoms  of  matter,  in  the  union  and 
disunion  of  the  different  gases,  in  the  various 
modifications  of  crystallization,  in  the  circulation 
of  the  sap  and  juices  in  the  minutest  flowers,  and 
in  the  internal  vessels  of  microscopic  animalcules; 


we  should  doubtless  behold  the  operations  of  a 
Wisdom  and  Intelligence  no  less  admirable  and 
astonishing  than  what  is  displayed  in  the  visiblo 
scenes  of  nature  which  are  obvious  to  every  eye. 

Of  those  invisible  regions  of  nature  now  alluded 
to,  the  ATMOSPHERE  is  one  in  which  we  are  parti- 
cularly interested,  and  which  exhibits  a  striking 
scene  of  Divine  wisdom  and'  beneficence. 

The  term  atmosphere  may  be  defined  to  be 
"  that  body  of  air,  vapors,  electric  fluid,  and  other 
substances  which  surround  the  earth  to  a  certain 
hight."  This  mass  of  fluid  matter  gravitates 
toward  the  earth,  presses  upon  its  surface  with  a 
certain  force,  revolves  with  it  in  its  diurnal  rota- 
tion, and  is  carried  along  with  it  in  its  course 
round  the  sun,  at  the  rate  of  sixty-eight  thousand 
miles  an  hour.  This  fluid  mass  is  invisible  to  the 
corporeal  organs;  and  hence,  the  great  body  of 
mankind  are  apt  to  imagine  that  the  regions 
around  us,  in  which  the  birds  fly,  and  the  clouds 
move,  are  nothing  else  than  empty  space;  and, 
were  it  not  that  Ihey  sometimes  hear  its  sound  in 
the  breeze,  and  feel  its  effects  in  the  whirlwind 
and  the  storm,  they  would  be  disposed  to  deny 
that  guch  a  thing  as  the  atmosphere  had  an  exist- 
ence. There  is,  however,  no  appendage  to  our 
globe  which  is  so  essentially  requisite  to  the  com- 
fort, and  even  to  the  very  existence  of  animated 
beings;  for,  were  the  earth  and  the  ocean,  the 
springs  and  the  rivers,  to  remain  as  they  now  are, 
but  were  the  hand  of  Omnipotence  to  detach  from 
our  globe  the  atmosphere  with  which  it  is  now 
j  environed,  it  is  absolutely  certain  that,  in  a  few 
j  minutes,  and  after  a  few  sighs  and  groans,  all  the 
I  eight  hundred  millions  of  men  that  now  people 
the  earth,  and  all  the  other  animated  beings  that 
traverse  the  air,  tlie  waters,  and  the  land,  would 
sink  into  the  slumbers  of  death,  and  disappear  for- 
ever from  the  living  world. 

In  elucidating  this  subject,  the  observationa 
that  will  be  made  may  be  arranged  under  the  fol- 
lowing heads: — 

I.  To  prove  that  air  exists,  and  that  it  is  a  ma- 

terial substance. 

II.  To  consider  its  weight  or  gravity,  and   the 

force  with  which  it  presses  on  all  bodies  on 
the  surface  of  the  earth. 

III.  To  exhibit  several   facts  which  the  pressure 

of  the  atmosphere  tends  to  illustrate. 

IV.  To  illustrate  the  ^asticity  of  the  air,  and  the 

effects  it  produces. 

V.  To  offer  some  considerations  for  illustrating 

the  hight  of  the  atmosphere,  or   its  eleva- 
tion above  the  surface  of  the  earth. 

VI.  To  illustrate  its  composition;  or,  the  chemi- 

cal principles   of   which   common    atmo- 
spherical air  is  composed. 

VII.  To  illustrate  its  beneficial  etTects  in  the  sys- 

tem of  nature. 

VIII.  To  exhibit  the  evidences  which  its  constitu- 

tion affoeds  of  the  wisdom  and  benevolencd 
of  the  Creator. 


CHAPTER    I. 


AIR  IS  A  MATERIAL  SUBSTANCE. 


The  first  inquiry,  then,  is,  What  is  that  air,  of 
tlie  importance  of  which  we  hear  so  much  assert- 
ed? We  see  nothing;,  it  may  be  said — we  feel  no- 
thing. We  feel  ourselves  at  liberty  to  move  about 
without  any  let  or  hindrance.  Whence,  then,  the 
assertion  that  we  are  surrounded  by  a  substance 
called«air?  A  few  facts  and  Illustrations  only  will 
be  sufficient  to  elucidate  this  position. 

1.  If  we  take  a  rod,  and  make  it  pass  rapidly 
through  what  appears  empty  space,  we  shall  hear  a 
sound  and  feel  a  slight  resistance,  as  if  sometliing 
had  intervened  to  prevent  the  motion  of  the  rod. 

2.  If  we  take  a  large  fan,  or  an  umbrella,  when 
fully  stretched,  and  push  it  forcibly  from  us,  we 
shall  feel  a  very  considerable  resistance,  and  a 
person  opposite  will  feel  a  certain  impression 
made  upon  his  face,  as  if  some  substance  had 
come  in  contact  with  it.  Were  we  to  take  a  very 
large  umbrella — say  from  twelve  to  fifteen  feet 
diaii'.fter — and  stand  on  the  top  of  a  high  stair,  or 
a  builtiing,  twenty  or  thirty  feet  high,  we  might 
jump  from  such  a  position,  while  we  hold  it  fully 
stretched,  and  gradually  descend  to  the  ground 
without  violence  or  injury.  It  is  on  this  principle 
that  the  instrument  called  a  parachute  is  con- 
6tructed,  by  means  of  which  an  aeronaut,  while 
pursuing  his  aerial  excursions,  has  left  his  balloon, 
when  elevated  nearly  a  mile  above  the  surface  of 
the  earth;  and  descended  in  a  few  minutes  to  the 
ground,  without  shock  or  accident.  Perhaps  some 
contrivance  of  this  kind  might  be  useful  to  prevent 
accidents  in  the  case  of  fires  in  large  towns — when 
persons  have  attempted  to  jump  from  the  win- 
dows of  a  third  story  to  preserve  themselves  from 
being  involved  and  destroyed  in  the  burning  mass. 
The  circumstances  now  stated  prove,  that  there  is 
a  certain  material  substance,  though  invisible, 
around  us,  which  offers  a  sensible  resistance  to 
any  body  having  a  large  surface  when  it  is  pushed 
rai)idly  through  it. 

3.  That  air  is  a  material  substance,  appears 
from  its  excluding  all  other  bodies  from  the  place 
it  occupies.  Thus,  if  we  take  a  glass  jar,  and 
plunge  it  with  its  mouth  downward  into  a  vessel 
of  water,  only  a  very  small  quantity  of  water  will 
get  into  the  jar,  because  the  air,  of  which  the  jar 
is  full,  keeps  the  water  out;  otherwise,  if  it  were 
empty  of  every  material  substance,  the  vi'ater 
would  rush  in  and  completely  fill  the  jar.  Hence, 
we  may  learn  why  a  vessel  cannot  be  filled  with 
water  by  plunging  its  orifice  downward, and  why 
a  funnel,  if  its  pipe  fit  closely  to  the  neck  of  a 
botlle,  is  not  convenient  for  pouring  off"  liquors; 
for,  in  order  to  put  water  or  wine  into  a  bottle, 
the  aif  must  pass  between  the  neck  of  the  bottle 


and  the  funnel,  to  let  the  air  out  as  the  water 
rushes  in.  And  hence,  the  practice  in  such  cases, 
suggested  by  necessity,  of  pulling  up  the  funnel  a 
little  when  the  liquor  stops,  in  order  to  let  the  air 
rush  out  between  the  pipe  and  the  neck  of  the  bottle. 
It  is  on  the  principle  now  stated,  that  the  diving-bell 
is  constructed,  by  which  a  person  may  descend  to  a 
considerable  depth  into  the  sea,  and  yet  not  be  im- 
mersed in  water,  nor  deprived  of  air  for  breathing. 

4.  If  we  take  a  smooth  cylindrical  tube  shut  at 
one  end,  and  fit  a  plug  or  cork  exactly  to  its  open 
end,  so  as  to  slide  along  it,  if  the  plug  be  so  tight 
and  soaked  with  grease,  as  to  prevent  all  passage 
of  any  fluid  by  its  sides,  we  shall  find  that  no 
force  whatever  can  push  it  to  the  bottom  of  the 
tube.  There  is,  therefore,  something  within  the 
tube,  though  invisible,  which  prevents  the  entry 
of  the  plug,  and,  therefore,  possessing  the  charac- 
teristic of  matter,  and  this  something  is  air. 

5.  Let  us  take  a  pair  of  common  bellows,  and, 
after  having  opened  them,  if  we  shut  up  the  noz- 
zle and  valve-hole,  and  try  to  bring  the  boards  to- 
gether, we  shall  find  it  impossible.  There  13 
somethijig  included  that  prevents  this,  in  the  same 
manner  as  if  the  bellows  were  filled  with  tlax  or 
w6ol;  but,  on  opening  the  nozzle,  we  can  easily 
shut  them  by  expelling  this  something  that  is 
within,  which  will  issue  with  considerable  force, 
and  impel  anything  that  lies  in  its  way.  This 
something  can  be  nothing  else  than  the  air  of  the 
atmosphere. 

6.  I'he  air,  though  for  the  most  part  invisible, 
may,  in  certain  cases,  be  rendered  an  object  of 
sight.  If  we  take  a  telescope  of  high  magnifying 
power,  and,  in  the  forenoon  of  a  hot  summer  day, 
when  the  sun  is  shining,  look  through  it  to  dis- 
tant objects,  we  shall  perceive  the  air  undulating 
about  the  objects  somewhat  like  the  waves  of  the 
sea,  and  rendering  them  undefined  and  obscure. 
This  is  the  principal  reason  why  very  high  mag- 
nifying powers  Cannot  be  used,  with  effect,  on 
telescopes  for  land  objects,  in  the  day-time,  when 
the  sun  produces  undulations  in  the  atmosphere: 
and  the  same  cause  frequently  prevents  distinct 
vision  of  celestial  objects. 

The  above  are  clear  proofs  that  the  air,  though 
not  generally  an  object  of  sight,  is,  in  reality,  a 
material  substance,  as  much  so  as  water,  wood, 
stones,  or  iron.  This  substance,  in  a  state  of 
rest,  we  call  air;  in  a  state  of  motion,  we  call  it 
wind;  and,  in  this  state,  its  force  is  sometimes  so 
great  as  to  drive  our  wind-mills,  impel  our  ships 
across  the  ocean,  and  even  to  overturn  buildings, 
to  tear  up  from  their  roots  the  largest  trees,  and 
to  dash  whole  fleets  to  pieces  of  wreck. 
(  9  ) 


CHAPTER    II. 

THE  WEIGHT   OF   THE    ATMOSPHERE,  AND   THE   QUANTITY    OF   MATTER    IT 

CONTAINS. 


As  AIR  is  demonstrated  to  be  a  body,  like  all 
other  material  substances,  it  must  have  weight, 
and  the  proportion  its  weight  bears  to  other  known 
substances  is  determined  by  experiment.  If  a 
bottle  which  contains  about  a  quart  be  emptied  of 
its  air  by  means  of  an  air-pump,  or  in  any  other 
way,  and  then  accurately  weighed  in  a  nice 
balance,  it  will  be  found  to  be  about  sixteen 
grains  lighter  than  it  was  before  it  was  emptied 
of  its  air,  which  shov/s  that  a  quart  of  air  weighs 
sixteen  grains.  A  quart  of  water  weighs  about 
14,620  grains,  or  nearly  two  pounds.  If  this  last 
number  be  divided  by  sixteen,  the  quotient  will  be 
nine  hundred  and  thirteen,  which  shows  that  air 
is  nine  hundred  and  thirteen  times  lighter  than 
water;  or,  in  other  words,  that  it  would  require 
above  nine  hundred  quart-bottles  of  air  to  weigh 
one  quart-bottle  of  water.  Other  experiments 
which  have  been  made  to  determine  this  point, 
lead  to  the  result  that  for  every  cubic  foot  of  air, 
five  hundred  and  twenty-three  grains,  or,  one 
and  one-fifth  ounce  avoirdupois,  are  to  be  allowed; 
and,  since  a  cubic  foot  of  water  weighs  1,000 
ounces,  the  one  divided  by  the  other  gives  a  result 
of  eight  hundred  and  thirty-three,  the  number  of 
times  that  water  is  heavier  than  air.  It  is  impos- 
sible to  arrive  at  very  great  nicety  in  such  esti- 
mates; but  the  general  results  of  all  the  experi- 
ments which  have  been  made  on  this  point,  lead 
to  the  conclusion  that  air  is  somewhere  between 
eight  hundred  and  nine  hundred  times  lighter 
than  water.  These  results,  however,  must  be  un- 
derstood solely  to  apply  to  the  air  near  the  surface 
of  the  earth;  for,  as  we  ascend  into  the  higher  re- 
gions of  the  atmosphere,  the  air  becomes  gradually 
thinner  and  lighter,  being  less  pressed  with  the  air 
that  is  above. 

We  may  now  attend  to  the  pressure  which  the 
atmosphere  exerts  upon  the  surface  of  the  earth, 
and  upon  all  bodies  connected  with  it. 

It  has  been  proved  by  a  variety  of  accurate  ex- 
periments, that  die  atmosphere  presses  on  every 
part  of  the  earth's  surface  with  a  force,  at  an  ave- 
rage, equal  to  about  fifteen  pounds  on  every  square 
inch.  This  has  been  ascertained  by  what  is  called 
the  Torricellian  experiment.  Take  a  glass  tube 
about  three  feet  long,  open  at  one  end,  and  her- 
metically sealed  at  the  other:  fill  it  with  quick- 
silver, putting  the  finger  upon  the  open  end,  turn 
that  end  downward,  and  immerse  it  in  a  small  ves- 
sel of  quicksilver,  withotit  admitting  any  air,  then 
take  away  the  finger,  and  the  quicksilver  will  re- 
main suspended  in  the  tube  about  twenty-nine 
and  a  half  inches  above  its  surface  in  the  vessel, 
sometimes  more  and  sometimes  less,  according  to 
the  state  of  the  atmosphere.  It  is  evident,  then, 
that  the  quicksilver  is  kept  up  in  the  tube  to  this 
elevation  by  the  pressure  of  the  atmosphere  upon 
the  surface  of  the  mercury  in  the  basin;  for,  if 
the  basin  and  tube  are  put  under  a  glass,  and  the 
air  extracted,  all  the  quicksilver  in  the  tube  will 
fidl  down  into  tlie  basin;  and,  if  the  air  be  re- 
admitted, it  will  riso  to  the  same  hight  as  before  j 


or,  if  an  opening  be  made  in  the  top  of  the  tube 
and  the  air  admitted,  the  quicksilver  will  sink  into 
the  basin.  The  pressure,  therefore,  by  the  atmo- 
sphere on  the  earth,  is  the  sanje  as  if  a  coaling  of 
quicksilver  twenty-nine  and  a  half  inches  thick 
were  spread  over  every  part  of  the  earth's  sur- 
face. 

Now,  it  is  proved  that  a  square  column  of 
quicksilver  twenty- nine  and  a  half  inches  in 
hight,  and  one  inch  thick,  weighs  just  fifteen 
pounds,  which  counterpoises  a  column  of  air  of 
the  same  thickness,  extending  to  the  top  of  the 
atmosphere  ;  and,  consequently,  that  air  presses 
with  this  force  upon  every  square  inch  of  the 
earth's  surface;  and,  of  course,  21ti0  pounds  on 
every  square  foot,  and  19,4'IU  on  every  square 
yard.  The  experiment  now  described  is,  in  fact, 
nothing  else  than  the  common  barometer.  The 
tube  of  the  barometer  is  filled  with  quicksilver,  or 
mercury;  it  then  stands  in  a  ba^iii  of  quicksilver, 
is  connected  with  a  ball  containing  quicksilver, 
on  the  surface  of  which  the  atQiosphere  presses, 
and,  in  most  cases,  stands  at  an  elevation  of 
about  twenty-nine  and  a  half  inch."!?,  but  subject  to 
certain  variations,  according  to  tue  state  of  the 
atmosphere.  When  the  weather  is  steady  and 
serene,  it  rises  to  above  thirty  iiio.h=!s;  when  it 
is  stormy  and  rainy,  it  frequently  sinks  to  twen- 
ty-eight inches,  or  under,  thus  iud:cnting  the 
changes  that  take  place  in  the  weight  of  the  air; 
and  hence  it  has  obtained  the  name  of  the  wea- 
ther-glass. 

Were  the  same  experiment  made  with  water, 
instead  of  mercury,  a  lube  must  be  provio'ed  of 
about  thirty-six  feet  long;  and  then  it  would  b* 
found,  that  the  water  in  the  tube  would  be  sup- 
ported by  the  atmospheric  pressure  to  the  hight 
of  thirty-two  or  thirty-three  feet.  This  costly 
experiment,  which  has  been  seldom  repeated,  wm 
first  performed  by  tlie  celebrated  Pascal,  at  Rouea, 
in  Normandy,  in  1647.  He  exhibited  the  experi 
ment  both  with  water  and  with  wine,  in  order  U 
show  the  different  bights  to  which  these  fiuidf 
vi'ould  rise,  according  to  their  respective  densities 
He  procured,  at  a  glass-house,  tubes  of  crys- 
tal glass  forty  feet  long,  which  were  fixed  t« 
the  mast  of  a  sliip,  tliat  was  contrived  to  ba 
raised  or  depressed,  as  occasion  required.  He 
appointed  a  day  for  performing  this  experiment, 
and  invited  all  the  philosophers  and  others  who 
doubted  of  the  pressure  of  the  atmosphere  to 
attend,  and  to  be  witnesses  of  the  wonderful  na- 
ture of  his  experiment.  The  result  was,  accord- 
ing to  the  calculations  he  had  previously  made, 
that  the  altitude  of  water  in  the  tube  was  thirty- 
one  and  one-ninth  Paris  feet,  equal  to  thirty-two 
feet  two  and  a  half  inches  English;  and  the  alti- 
tude of  the  wine  was  somewhat  greater,  namely, 
thirty-one  and  two-thirds  Paris  feet,  or  thirty-two 
feet  ten  inches  Englisli;  the  wine,  on  account  of 
its  superior  levity,  rising  about  seven  and  a  half 
inches  higher  than  the  water.  He  performed  this 
experiment  to  convince  the  Aristotelian  philoso- 
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phers  of  those  times  of  the  folly  of  a  notion 
which  then  prevailed,  that  the  rise  of  the  mer- 
cury in  the  Torricellian  experiment  and  the  rise 
of  water  in  pumps  were  produced,  not  by  the 
pressure  of  the  atmosphere,  but  by  an  occult 
quality,  which  they  denominated  "  Nature's  ab- 
horrence of  a  vacuum."  They  asserted  that,  in 
the  upper  part  of  the  tube,  deserted  by  the  quick- 
silver, there  were  contained  some  spirits,  evapor- 
ated from  the  quicksilver;  which,  being  rarefied, 
filled  up  that  space,  thus  assisting  Nature,  in  a 
great  emergency,  against  her  mortal  enemy,  a 
vacuum.  "  Well,  then,  gentlemen,"  says  Pascal, 
"take  your  own  way.  Here  are  two  tubes,  the 
one  I  am  to  fill  with  water,  and  the  other  with 
wine.  You  will  all  readily  admit  that  there  is  a 
greater  quantity  of  spirits  in  wine  than  in  water: 
and,  consequently,  that  if  the  empty  space  be- 
tween the  upper  surface  of  the  fluids  and  the  top 
cf  the  tube  be  filled  with  spirits,  there  will  be  a 
greater  quantity  of  spirits,  in  the  upper  part  of  the 
tube  containing  the  wine  than  in  the  tube  contain- 
ing the  water;  and,  of  course,  the  v.'ine  will  not 
rise  so  high  as  the  water."  To  this  they  all  readily 
assented.  But,  when  the  experiment  was  made, 
tlie  wine  was  found  to  rise  nearly  eight  inches 
higher  than  the  water,  as  Pascal  had  previously 
calculated  and  predicted.  This  experiment  was 
decisive  ;  and,  since  that  period,  the  figment  of 
"Nature's  abhorrence  of  a  vacuum,"  along  with 
many  other  absurdities,  has  been  consigned  to  the 
slumber  of  the  dark  ages  whence  it  originated. 

A  few  years  before  the  period  now  alluded  to, 
the  engineers  of  the.' Grand-duke  of  Florence, 
having  received  orders  to  raise  a  portion  of  water 
to  the  hight  of  fifty  or  sixty  feet,  by  means  of  a 
common  pump,  perceived,  when  they  had  made 
the  attempt,  that  the  pump  refused  its  assistance 
when  the  water  was  to  be  raised  above  thirty-two 
feet.  They  communicated  the  circumstance  to 
Galileo,  an  eminent  philosopher  of  that  age,  and 
asked  him  the  reason  of  it.  Galileo  was  not  a 
little  surprised,  and  was  unprovided  with  an 
answer.  He,  however,  put  a  good  face  on  the 
affair,  and  gravely  replied,  that  "Nature  abhorred  a 
vacuum  only  to  the  hight  of  thirty-two  feet." 
Torricelli,  the  disciple  of  Galileo,  vexed  at  the 
water's  refusing  to  ascend  more  than  thirty-two 
feet  in  a  tube  void  of  air,  made  a  new  experiment 
with  quicksilver,  in  the  manner  already  described. 
He  saw  the  quicksilver  in  the  tube  fall  down,  and 
leave  an  empty  sj)ace  at  top,  and  remain  sus- 
pended at  the  hight  of  twenty-nine  inches. — 
"  How,"  says  he,  "  Nature  abhors  a  vacuum  only 
to  the  hight  of  thirty-two  feet  when  it  is  water 
that  ascends  in  a  tube  void  of  air,  and  only  to 
twenty-nine  inches  when  it  is  mercury!  Vacuum 
does  not  frighten  her  beyond  these  measures! 
But  why  does  she  fear  it  to  far  more  than  twenty- 
nine  inches  when  it  is  water  that  rises?  Very 
likely  this  horror  at  vacuity  is  an  idle  fancy,  a 
mere  philosophical  cant,  which  we  take  for  good 
coin  without  understanding  it."  Reasoning  in 
this  way,  and  repeating  a  variety  of  similar  ex- 
periments, he  was,  at  length,  led  to  the  conclu- 
sion "  that  the  diversity  of  the  elevation  of  the 
two  ditft-rent  fluids  proceeded  from  the  diversity 
of  their  weijit,  and  that  they  were  supported 
and  counterpoised  by  a  column  of  air,  of  the 
same  diameter,  reaching  the  top  of  the  atmo- 
sphere." Here  the  matter  rests,  and  will  rest 
tliroughout  all  succeeding  generations- 

This  short  sketch  of  the  history  of  the  experi- 
ments which  relate  to  the  pressure  of  th6  atmo- 
sphere will  not  bo  altogether  out  of  place,  if  it 
has  a  tendency  to  guard  us  against  the  iufluence 


of  preconceived  notions,  foolish  prejudices,  and 
of  the  authority  of  great  names,  which  are  some 
of  the  greatest  obstructions  to  the  expansion  of 
the  human  mind,  and  the  reception  of  useful 
knowledge.  It  was  not  before  men  began  to 
emancipate  themselves  from  such  shackles  that 
science  commenced  that  brilliant  career  which 
has  issued,  in  our  times,  in  so  many  inter- 
esting and  important  discoveries.  Similar  pre- 
judices are  still  prevalent  in  relation  to  the 
affairs  of  common  life,  the  facts  of  science,  and 
the  important  truths  of  religion.  We  are  only 
yet  beginning  to  cast  off  the  yoke,  of  tliat  ignor- 
ance, under  the  guise  of  wisdom,  under  which 
the  men  of  other  times  bowed  with  such  abject 
submission.  Religious  preju^dces,  in  particular, 
derived  from  education  and  submission  to  mere 
authority,  are  frequently  so  strong  that  no  spcciea 
of  reasoning,  however  convincing  to  an  unbiased 
mind,  is  sufficient  to  subdue  them.  When  certain 
dogmas  or  opinions,  however  futile,  have  got  a 
firm  hold  on  the  mental  faculties,  all  the  argu- 
ments that  can  be  derived  from  reason  and  phi- 
losophy, and  even  from  the  most  cogent  an- 
nouncements of  Divine  revelation,  are  found 
altogether  insufficient  to  displace  them.  And,  aa 
the  fostering  of  erroneous  opinions,  in  relation 
to  religion,  may  endanger  our  best  interests,  both 
in  relation  to  the  life  that  now  is  and  the  life  to 
come,  it  is  of  the  utmost  importance  to  all,  and 
especially  to  young  persons,  that  they  examine, 
with  care  and  without  prejudice,  every  doctrine 
and  opinion  they  embrace,  without  regard  to  hu- 
man authority  ;  founding  all  their  views  and 
sentiments  on  the  dictates  of  enlightened  reason, 
and  the  plain  declarations  of  the  word  of  God, 
From  what  has  been  now  stated,  we  may  easily 
compute  the  weight  sustained  by  the  body  of  a 
middle-sized  man,  in  consequence  of  the  pressure 
of  the  atmosphere.  Suppose  the  average  stature 
of  the  human  body  to  be  about  five  feet  nine 
inches  ;  supjjose  the  breadth  in  front  to  be  about 
one  foot,  and  the  breadth  on  each  side  half  a  foot; 
by  allowing  a  little  deduction  for  the  narrowness 
of  the  head  and  feet,  we  may  reckon  about  five 
feet  in  front,  and  five  for  the  back  part,  and  two 
and  a  half  square  feet  for  each  side  of  the  body, 
or  fifteen  square  feet  in  all.  It  has  already  been 
stated  that  the  atmospheric  pressure  on  one 
square  foot  is  2160  pounds.  Multiply  this  sum 
by  fifteen,  the  number  of  square  feet  on  the  sur- 
face of  the  human  body,  and  the  product  will  be 
32,400  pounds,  or  somewhat  more  than  fourteen 
tons,  or  the  weight  of  more  than  fourteen  ordinary 
cart-loads  of  heavy  goods.  This  is  the  pressure 
sustained  by  every  middle-sized  man — a  pressure 
which  would  be  insupportable,  and  even  crush 
us  to  pieces,  were  it  not  that  it  is  equal  in  every 
part;  pressing  with  the  same  force  upward,  down- 
ward, and  on  every  side ;  and  is  at  the  same 
time,  counterbalanced  by  the  spring  of  the  air 
within  u^.,  which  is  diffused  through  the  whole 
body,  and  reaets  with  an  equal  force  against  the 
outward  pressure.  Tliis  pressure,  however,  is 
somewhat  different  at  different  times.  When  the 
air  is  lightssl,  the  pressure  is  31,151)  pounds,  and, 
when  heaviest,  about  33,660  pounds,  making  a 
difference  of  about  2500  pounds,  the  weight  with 
which  we  are  compressed  more  at  one  time  than 
at  another.  This  great  difference  in  the  atmo- 
spheric pressure  is  found  greatly  to  affect  the 
animal  functions  and  the  state  of  health.  A 
person  laboring  under  an  asthmatical  complaint 
will  find  his  disorder  increased  when  the  air  is 
light,  as  it  has  then  less  elasticity,  and  is  not  so  ca- 
pable of  expanding  the  lungs.     The  air  is  gen&» 
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rally  the  lighest  in  hazy  and  rainy  weather,  when 
the  clouds  descend,  and  the  mists  cover  the 
mountain  tops.  Every  one  then  feels  tlie  effect, 
by  a  certain  degree  of  lassitude  and  depression  of 
spirits,  occasioned  by  the  surrounding  gloom, 
and  by  being  deprived  of  an  atmosplieric  pres- 
sure amounting  to  more  than  200U  pounds.  The 
fibers  of  tiie  body  are  relaxed,  the  contractile 
force  of  (lie  muscles  diminished,  and  a  languid 
circulation  of  the  fluids  ensues,  which  sometimes 
produce  obstructions,  fevers,  and  headaches;  and, 
in  most  persons,  a  sort  of  indolence  and  gloomy 
inactivity.  Whereas,  wlien  the  air  is  heavy,  and 
the  clouds  ascend  to  Ihe  higher  regions,  and  ap- 
pear like  fine  fleeees  on  the  blue  vault  of  heaven, 
the  nerves  and  filjers  of  the  animal  system  are 
braced  by  the  additional  pressure  of  the  atmo- 
sphere, the  blood-vessels  exert  their  full  power, 
the  solids  are  compressed,  the  fluids  circulate 
with  increased  vigor,  we  feel  liglit  and  alert,  and 
the  elevation  of  the  animal  spirits  is  increased  by 
the  splendor  and  activity  of  the  surrounding 
scene. 

Weight  of  the.  tclmle  Atmosphere. — From  the  facts 
now  stated,  we  may  form  an  estimate  of  the 
weight  of  tlie  whole  body  of  the  atmosphere 
which  surrounds  the  surface  of  the  earth.  The 
surface  of  the  globe  contains,  in  round  numbers, 
200,000,000  of  square  miles;  every  square  mile 
contains  27,878,400  square  feet;  and  these  two 
numbers  nmltiplied  together,  produce  5,575,680,- 
000,000,000;  or,  five  thousand  five  hundred  and 
seventy-five  billions,  six  hundred  and  eighty  thou- 
sand millions,  equal  to  the  number  of  square  feet 
on  the  surface  of  the  earth;  which  multiplied  by 
2160  pounds  (equal  to  the  pressure  on  every 
square  foot),  produces  the  sum  of  12,043,468,- 
800,000,000,000;  that  is  twelve  trillions,  forty- 
three  thousand  four  hundred  and  sixty-eight  bil- 
lions, and  eight  hundred  thousand  millions;  which 
is  equal  to  the  number  of  ])Oi'nds  which  consti- 
tute the  weight  of  the  whole  atmosphere,  or 
5,000,000,000.000,000;  that  is,  about  five  thousand 
billions  of  tons.  A  more  definite  idea  of  this 
weight  ma}'  be  obtained  by  supposing  a  ball  of 
lead,  extendiaff  from  London  to  Oxford,  stretch- 
ing sixty  miles  perpendicularly  above  us,  and  in 
every  direction;  or,  in  other  words,  a  ball  of  lead 
one  hundred  and  ninety  miles  in  circumference, 
and  about  sixty  miles  in  diameter.  Suppose  this 
ball  placed  on  one  end  of  an  immense  balance, 
and  the  whole  atmosphere  on  the  other,  they 
would  nearly  counterpoise  each  other.  So  that 
this  invisible  fluid,  which  we  are  apt  to  consider 
as  almost  a  nonentity,  when  considered  as  a  whole, 
contains  a  weight  which  it  is  difficult  for  numbers 
to  express. 

It  need  only  be  observed  further  on  this  point, 
that  the  air  decreases  in  density  in  proportion  as 
we  ascend  to  the  higher  regions  of  the  atmosphere. 
At  the  hight  of  seven  miles,  the  air  is  four  times 
rarer  than  at  the  surface  of  the  earth;  at  the  hight 
of  fourteen  miles,  it  is  sixteen  times  rarer;  at  the 
hight  of  twenty-eight  miles,  it  is  two  hundred  and 
fifty-six  times  rarer;  at  the  hight  of  ninety-six 
miles,  it  is  268,435,456  times  rarer;  and  at  the 
hight  of  five  hiuidretl  miles,  it  has  been  computed, 
that  a  cubic  inch  of  such  air  as  we  breathe  at  the 
surface  of  the  earth,  would  be  so  much  rarefied, 
that  it  would  fill  a  hollow  sphere  equal  in  diameter 
to  the  orbit  of  the  planet  Saturn,  which  is  1,800,- 
000,000  of  miles  in  diameter.  This  is  a  neces- 
fiaiy  conscqu-iice  of  tiie  elasticity  of  the  air,  and 
of  its  want  of  compression  in  the  higher  regions; 
mid  th:il  thi-i  is  in  reality  the  case,  is  proved  by 
estjeriuieut  as  well  as  bv  calculation.     When  v, e 


take  a  barometer  to  the  top  of  a  mountain  only 
half  a  mile  in  perpendicular  elevation,  the  mercu- 
ry falls  from  thirty  to  twenty-seven  inches;  and 
the  fall  of  the  mercury  is  in  proportion  the  higher 
we  ascend.  Those  travelers  who  have  climbed 
to  the  tops  of  lofty  mountains  know,  by  experi- 
ence, that  the  air  is  much  thinner  in  those  re- 
gions than  in  the  plains  below.  Their  breathing 
becomes  difficult  and  painful,  their  hands  and  feet 
swell,  and  they  are  sometimes  seized  with  a  vom- 
iting of  blood.  They  also  find,  that  the  atmo- 
sphere becomes  clearer  as  they  ascend,  and  is  un- 
able to  support  the  clouds.  We  are  informed  by 
Don  Uiloa  that,  while  he  stood  on  the  top  of  the 
Andes,  in  Peru,  "  the  clouds,  which  were  gathered 
below  the  mountain's  brow,  appeared  like  a  tem- 
pestuous ocean,  all  dashing  and  foaming,  while 
the  lightnings  were  breaking  through  the  waves, 
and  the  thunders  rolling  beneath  his  feet,  far  be- 
low the  spot  on  which  he  stood.  In  the  mean- 
time he  enjoyed  a  serene  and  cloudless  sky,  and 
left  the  war  of  the  elements  to  the  unphilosophi- 
cal  mortals  on  the  plains  below." 

Those  who  have  taken  a  flight  to  the  higher  re- 
gions of  the  atmosphere  in  balloons,  have  beheld 
scenes  of  a  similar  kind.  Mr.  Baldwin,  who  as- 
cended in  a  balloon  from  Chester,  in  1785,  relates 
that  at  a  certain  elevation,  the  earth  was  entirely 
hid  from  his  view  by  an  immense  mass  of  vapors, 
which  he  compares  to  a  sea  of  cotton,  tufted  here 
and  there  by  the  action  of  the  air,  and,  soon  after, 
the  whole  became  an  extended  pavement  of  white 
cloud.  The  reason  of  all  this  is  obvious  :  the 
clouds  are  vapor,  or  water  rarefied  by  heat.  ^  a- 
por  is  lighter  than  air  near  the  surface  of  the 
earth,  and,  consequently,  ascends  in  it;  but,  in  the 
higher  regions,  the  air  is  thinner  and  lighter  than 
these  vapors,  and,  of  course,  is  unable  to  support 
them  beyond  a  limited  hight;  which  circumstance 
undeniably  proves  that  the  air  is  lighter  the  higher 
we  ascend. 

The  pressure  of  the  atmosphere  may  now  be 
illustrated  by  a  few  simple  experiments.  The  in- 
strument called  the  air-pump  affords,  on  the  whole, 
the  best  means  of  illustrating  the  pressure  of  the 
atmosphere.  This  instrument  bears  a  certain  re- 
semblance, in  its  principle  and  action,  to  the  com- 
mon house  pump.  It  consists  of  a  hollow  cylin- 
der or  tube,  in  which  a  piston  is  alternately  raised 
and  depressed  by  means  of  an  iron  rod  attached 
to  the  handle  of  the  pump.  In  the  piston  there 
is  a  valve,  which  opens  by  any  pressure  from  be- 
low, and  is  shut  by  any  superincumbent  pressure, 
like  the  flapper  of  a  pair  of  bellows.  When  the 
piston  is  forced  down,  the  valve  is  opened  from 
below  by  the  pressure  of  air,  or  whatever  fluid 
the  pump  may  contain.  The  fluid  then  gets  above 
the  valve,  and  is  lifted  up  by  the  raising  of  the 
piston,  and  carried  out  of  the  pump,  the  valve  be- 
ing then  shut  by  the  pressure  of  the  air  above  it. 
At  the  top,  is  a  metal  plate  ground  to  a  perfect 
plane  surface,  on  which  is  placed  an  inverted  glass 
jar  or  receiver,  whence  the  air  is  to  be  extracted. 
A  hole  in  the  plate  is  connected  with  a  tube  which 
comnmnicates  with  the  pump-barrels.  By  work- 
ing the  handle  of  the  instrument  for  some  time, 
the  receiver  will  soon  be  neatly  exhausted  of  all 
the  air  it  contains,  and  the  effects  produced  in  a 
vacuum,  or  place  void  of  air,  may  then  be  exhib- 
ited. The  following,  among  other  experiments, 
may  be  shown  by  the  air-pump.  If  the  receiver 
be  open  at  both  ends,  and  the  upper  orifice  be 
stopped  by  the  hand,  when  the  air  is  exhnnst'^d, 
the  pressure  of  the  externul  air  will  be  such  as  to 
prevent  the  removal  of  the  hand,  ai)d  will  cause 
a  certain  degree  of  pain.     If  a  piece  of  blauuer 
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be  tied  tightly  over  the  orifice,  as  the  exhaustion 
proceeds,  the  bladder  will  be  pressed  inwards,  and 
will  finally  burst  with  a  loud  noise.  In  the  same 
manner,  if  a  flat  piece  of  window-glass  be  placed 
upon  the  orifice,  when  the  air  is  exhausted,  the 
glass  will  be  broken  into  a  number  of  pieces  by 
the  external  pressure  of  the  atmosphere. 

But  as  comparatively  few  persons  have  an  op- 
portunity of  performing  experiments  with  the  air- 
pump,  a  few  simple  experiments  equally  convin- 
cing, which  every  person  has  it  in  his  power  to 
perform,  may  here  be  described. 

1.  Take  a  wine  or  an  ale-glass,  and  fill  it  with 
water;  take  a  smooth  piece  of  writing  paper,  and 
press  it  firmly  against  the  edges  of  the  glass,  so 
that  no  air  get  in  between  the  paper  and  the 
water,  then  turn  the  glass  upside  down,  and  the 
water  will  be  supported  by  the  pressure  of  the  at- 
mosphere upon  the  paper.  That  it  is  the  exter- 
nal pressure  of  the  atmosphere  upon  the  paper 
which  supports  the  water  will  appear,  when  we 
consider  tliat  the  paper,  instead  of  being  convex, 
by  the  pressure  of  the  water  downward,  is  con- 
cave, by  the  pressure  of  tlie  air  upward.  If  a 
lighted  caudle  be  placed  under  the  paper,  with  its 
flame  touching  the  paper,  we  may  hold  it  for  an 
indefinite  length  of  time,  without  its  producing 
any  effect  upon  the  paper,  or  setting  fire  to  it. 

2.  Take  a  wine-glass,  and  burn  a  piece  of  paper 
in  it,  and  while  the  paper  is  burning,  if  we  place 
the  palm  of  our  hand  firmly  upon  the  edges  of 
the  glass,  the  glass  will  stick  fast  to  the  hand, 
producing  a  certain  degree  of  pain,  and  it  will  re- 
quire a  considerable  degree  of  force  before  the 
hand  can  be  detached  from  the  glass.  In  this  ex- 
periment, the  burning  of  the  paper  rarefies  the 
air,  nearly  expels  it  from  the  glass,  and  then  the 
atmosphere  presses  with  its  whole  weight  upon 
the  hand. 

3.  Take  a  glass  tube  two  or  three  feet  long,  of 
a  narrow  bore;  plunge  one  end  of  it  in  a  basin 
of  water;  apply  the  mouth  to  the  other  end,  and 
draw  out  the  air  by  suction;  the  water  will  in- 
stantly rise  into  the  tube  by  the  pressure  of  the 
atmosphere  on  the  water  in  the  basin;  and,  if  wo 
immediately  place  our  thumb  firmly  on  the  upper 
part  of  the  tube,  and  withdraw  it  from  the  water 
in  the  basin,  the  water  will  be  suspended  in  the 
tube  by  the  pressure  of  the  atmosphere,  although 
the  tube  is  open  below;  but,  when  the  thumb  is 
removed  from  the  upper  part  of  the  tube,  the 
water  in  it  will  run  out,  in  consequence  of  the 
pressure  of  the  atmosphere  from  above. 

4.  Take  a  tin  vessel,  six  or  eight  inches  long, 
and  about  three  in  diameter,  with  its  mouth  about 
a  quarter  of  an  inch  wide,  as  e  f  (fig.  1).    Pierce 


a  number  of  small  holes  in  its  bottom,  about  the 
diameter  of  a  common  sewing-needle.  Phuiga 
this  vessel  in  water,  and,  when  full,  cork  it  up,  so 
that  no  air  can  enter  at  the  top.  While  it  re- 
mains corked,  no  water  will  run  out,  being  jire- 
vented  by  the  atmospheric  pressure  upon  the  bot- 
tom of  the  vessel;  but  the  moment  it  is  uncorked, 
the  water  will  issue  from  the  small  holes  by  the 
pressure  of  the  air  from  above.  The  same  expeii- 
ment  may  be  made  with  a  tin-plate  tube,  about  an 
inch  in  diameter,  open  at  the  top,  and  having  its 
bottom  pierced  with  a  small  hole.  When  filled 
with  water  and  tightly  corked  at  the  top,  it  may 
be  carried  for  miles  without  losing  a  drop  of  wa- 
ter, notwithstanding  the  hole  in  the  bottom. 


Fie.  1 


Fig.  2. 


5.  In  order  to  show  the  lateral  pressure  of  the 
atmosphere,  take  a  tube,  as  g  h  (fig.  2),  six  or 
seven  inches  long,  having  a  small  hole  on  each 
side,  as  i  k.  When  filled  with  water,  and  tightly 
corked,  no  water  v/ill  run  out  from  the  sides  of 
the  tube,  but  the  moment  the  cork  is  taken  out, 
the  water  Viill  run  out  at  i  and  k,  as  represented  in 
j  the  figure. 

I  6.  Take  a  wine-glass  and  burn  in  it  a  piece  of 
\  paper;  th.en  invert  the  glass,  while  the  paper  is 
burning,  over  a  saucer  full  of  water,  the  water 
'  will  rush  up  into  the  wine-glass,  in  consecinence 
of  the  air  being  rarefied  or  driven  out  by  the  burn- 
ing paper,  and  in  consequence  of  the  pressure  of 
the  atmosphere  upon  the  surface  of  the  waier  in 
the  saucer. 

These  experiments  show  that  the  atmosphere 
presses  in  all  directions,  upward,  downward,  and 
'■  laterally.     This  subject  has  been  dwelt  on  somc- 
j  what  particularly,  because  the  atmospheric  }>res- 
'  sure     fi)rms   an    important   element,  and   a    me- 
chanical   power    in    the    construction    of  steam- 
j  engines,  atmospheric  railways,  and  other  modern 
i  inventions,  which  are  now  of  such  great  utility  in 
propelling  carriages  along  railways,  and   steam- 
f  vessels  across  seas  and  oceans. 


CHAPTER     III. 


FACTS  ILLUSTRATED  BY  THE  PRESSURE  OF  THE  ATxMOSPHERE 


Let  us  now  attend  to  a  few  facts  which  the 
pressure  of  the  air  tends  to  explain  aud  illus- 
ti'ate. 

1.  Thft  atmospheric  pressure  explains  the  nature 
of  the  process  vulgarly  termed  suction.  When 
we  attempt  to  take  a  draught  of  water  out  of  a 
basin,  or  a  running  stream,  it  is  commonly  said 
that  we  draw  in  the  water  by  suction;  whereas 
the  fact  is,  that  instead  of  drawing  the  water  into 
the  stomach,  we  only  draw  the  air  into  the  lungs, 
and  the  atmosphere  performs  the  other  part  of  the 
operation.  The  process  is  simply  this: — We  im- 
merse our  lips  into  the  water,  so  as  to  prevent  the 
entrance  of  air  into  the  mouth;  we  then  make  a 
vacuum  in  the  mouth  by  drawing  the  air  into  the 
lungs,  after  which  the  pressure  of  the  atmosphere 
upon  the  surface  of  the  water  forces  it  upward 
into  the  mouth.  That  such  is  the  process  of  re- 
ceiving a  drauglit  of  water  when  the  mouth  is 
held  downward,  appears  from  this  circumstance, 
that  if  the  lips  do  not  touch  the  water,  we  might 
draw  in  the  air  by  what  is  called  suction  for  twen- 
ty years,  and  not  receive  a  single  drop  into  the 
mouth. 

The  same  principle  explains  the  action  of  a 
child  sucking  the  breast  of  its  nurse.  The  ope- 
ration of  cupping  is  performed  in  the  same  way. 
In  this  case  the  operator  takes  a  small  glass,  close 
at  the  top,  and  holding  it  for  some  time  over  the 
flame  of  a  candle  or  lamp,  the  air  is  thereby  rare- 
fied, and  part  of  it  drawn  out.  The  glass  is  then 
suddenly  placed  on  the  part  of  the  body  to  be 
cupped,  and  adheres  to  the  flesh  by  the  external 
pressure  of  the  air.  The  flesh  rises  in  the  glass, 
and  the  blood  and  serosities  are  forced  from  the 
wounded  vessels  into  the  glass  by  the  atmospheric 
pressure  on  the  parts  around. 

2.  It  is  owing  to  the  atmospheric  pressure  that 
two  polished  surfaces,  which  accurately  fit  each 
other,  adhere  with  great  force.  Tliis  fact  is  well 
known  to  glass-grinders  and  polishers  of  marble. 
A  large  lens,  when  ground  very  smooth,  requires 
more  than  th-;  strength  of  a  single  individual  to 
pull  it  directly  from  the  tool.  If  the  surface  is 
only  a  square  inch,  it  will  require  fifteen  pounds 
to  separate  them  perpendicularly,  though  a  very 
moderate  force  will  make  them  slip  along  each 
other.  Were  the  surface  six  inches  square,  llie 
force  requisite  to  sej)arate  the  two  pieces  U'ould 
be  equal  to  five  hundred  and  forty  pounds.  But 
this  cohesion  is  not  observed,  unless  the  surfaces 
are  wetted  or  smeared  with  oil  or  grease,  other- 
wise the  air  gets  between  them,  and  Ihey  separate 
without  any  troul/le.  That  this  cohesion  is 
owing  to  tlie  atmosplievic  pressure,  is  evident  from 
the  ease  with  which  the  plates  may  be  separated 
in  an  exhausted  receiver  by  means  of  the  air- 
pump.  The  same  cause  contributes  in  a  power- 
ful degree  to  give  effect  to  the  cohesion  of  bodies 
by  means  of  mortar  and  cements.  When  two 
pieces  of  wood  are  to  be  glued  together,  their  sur- 
faces are  first  made  as  smooth  as  possible;  a  glu- 
tinous substance  is  then  applied  to  fill  up  all  the 
pores  and  inequalities;  they  are  then  pressed  to- 
(14) 


gether,  which  prevents  the  air  from  insinuating 
itself  between  them,  and  the  external  air  then 
presses  upon  them  with  a  force  of  fifteen  pounds 
on  every  square  inch.  There  can  be  no  question 
that  the  stability  of  our  houses  and  garden  walls 
depends,  at  least  in  a  great  measure,  upon  the 
same  principles;  for  the  more  completely  every 
crevice  between  the  bricks  or  stones  is  shut  up, 
by  means  of  mortars  and  cements,  from  the  in- 
sinuation of  the  external  air,  the  more  firm  and 
stable  is  the  building. 

To  the  same  cause  is  to  be  attributed  the  action 
of  a  boy's  sucker  in  lifting  large  stones  from  the 
ground.  The  sucker  is  jnade  of  stiff  wetted 
leather  fastened  to  a  string;  the  moisture  upon 
the  leather,  when  it  is  pressed  down  upon  tho 
stone,  prevents  the  air  from  getting  in  between 
the  leather  and  the  stone,  and  if  the  sucker  be 
four  inches  square,  it  will  require  a  force  of  two 
hundred  and  forty  pounds  to  separate  it  from  the 
stone.  In  certain  cases,  such  contrivances,  on  a 
large  scale,  might  be  sometimes  useful  as  a  me- 
chanical power. 

3.  Another  circumstance  which  is  accounted 
for  on  this  principle  is,  the  strong  adhesion  of 
snails,  periwinkles,  limpets,  and  other  molluscoua 
animals,  to  the  rocks  on  which  they  are  found. 
The  animal  forms  the  rim  of  its  shell  so  as  to  fit 
the  shape  of  the  rock  on  which  it  intends  to  cling. 
It  then  fills  its  shell  either  with  its  own  body  or 
with  water.  In  this  condition,  it  is  evident,  that 
we  must  act  with  a  force  equal  to  fifteen  pounds 
on  a  square  inch  before  we  can  detach  it  from  tlia 
rock.  This  may  be  illustrated  by  filling  a  drink- 
ing-glass  to  the  brim  with  water,  and,  having 
covered  it  with  a  piece  of  tliin  wet  leather,  place 
it  upon  a  table,  and  it  will  be  found  to  require  a 
very  considerable  force  to  pull  it  straight  upward. 
But,  if  we  place  a  snail  adhering  to  a  stone  in  an 
exhausted  receiver,  it  will  drop  off  by  its  own 
weight.  It  is  owing  to  the  same  cause  tliat  bivalve 
mollusca,  such  as  oysters  and  mussels,  keep  their 
shells  so  firmly  shut,  and  require  such  a  degree 
of  force  to  open  them.  But,  if  we  grind  off  a 
bit  of  the  convex  shell,  so  as  to  make  a  small  hole 
in  it,  the  air  gets  in,  and  it  opens  with  the  great- 
est ease.  The  same  thing  takes  place  when  it  ia 
put  under  the  exhausted  receiver  of  an  air-pumpt 
It  has  been  lately  discovered  that  it  is  owing  to 
the  same  principle  that  flies  and  other  animals 
have  the  power  of  walking  on  a  perpendicular 
pane  of  glass,  or  on  the  ceiling  of  a  room,  with 
their  backs  downward.  This  has  been  proved  to 
arise  from  a  power  they  possess  of  squeezing  out 
the  air  between  the  inside  of  their  feet  and  tho 
surface  on  which  they  tread,  and  thua  being  sup- 
ported against  the  outside  of  their  feet  by  tho 
pressure  of  the  atmosphere. 

4.  It  is  owing,  in  a  great  measure,  to  the  pres- 
sure of  the  atmosphere,  that  frosts  occasion  a 
scantiness  of  water  in  our  fountains  and  wells. 
This  is  not  caused,  as  is  generally  supposed,  by 
the  freezing  of  the  water  in  the  bowels  of  tha 
earth.     The  most  intense  frost  of  a  Siberian  win- 
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ter  would  not  freeze  the  ground  two  feet  deep,  but 
a  moderate  frost  will  consolidate  the  whole  sur- 
face of  a  country,  and  make  it  impervious  to  the 
air,  especially  if  the  frost  has  been  preceded  by 
rain,  which  has  soaked  tiie  surface.  When  this 
happens,  the  water  which  was  filtering  tiirougli 
the  ground  is  all  arrested,  and  kept  suspended  in 
its  capillary  tubes  by  the  pressure  of  the  air,  in  the 
same  manner  as  water  is  suspended  in  a  tube 
which  is  closed  at  one  end,  as  in  the  third  experi- 
ment stated  in  the  preceding  chapter  (p.  13).  A 
thaw  melts  the  superficial  ice,  and  allows  the 
water  to  run  out  in  the  same  manner  as  it  does 
when  the  thumb,  in  that  experiment,  is  removed 
from  the  top  of  the  tube. 

5.  It  is  well  known  that  a  cask  full  of  water. 
Or  spirits,  will  not  run  by  the  cock,  unless  a  hole 
be  opened  in  the  top,  or  some  other  part  of  the 
cask.  The  reason  is,  that  the  air  presses  upon 
tlie  opening  in  the  cock,  and  prevents  the  liquor 
from  flowing;  whereas,  when  an  opening  is  made 
at  the  top,  the  pressure  of  the  air  from  above 
forces  it  down.  If,  indeed,  the  hole  in  the  cask 
is  of  large  dimensions,  it  will  run  without  any 
other  hole,  because  air  will  get  in  at  the  upper 
side  of  the  hole,  while  the  liquor  runs  out  by  the 
lower  part  of  it.  For  the  same  reason,  a  small 
hole  is  made  in  the  lid  of  a  tea-pot  to  insure  its 
pouring  out  the  tea,  otherwise,  when  the  tea-pot 
ia  quite  full,  it  would  be  difficult  to  make  the  tea 
run  out  at  the  spout,  the  pressure  of  the  air  from 
below  tending  to  prevent  it. 

On  the  same  principle  depends  the  performance 
of  an  instrument  used  by  spirit  dealers,  for  taking 
jut  a  sample  of  their  spirits.  It  consists  of  a  long 
Fig.  3.  tin-plate  tube,  a  b,  fig.  3,  open  at  the 
top  at  A,  and  ending  in  a  small  hole  at  b. 
The  end  B  is  dipped  into  the  spirits,  which 
rise  into  the  tube;  then  the  thumb  is 
clapped  on  the  mouth  a,  and  the  whole 
is  lifted  out  of  the  cask.  The  spirit  re- 
mains in  it  until  the  thumb  be  taken 
off;  it  is  then  allowed  to  run  into  a  glass 
for  examination.  We  are  informed  by 
certain  travelers,  that  some  of  the  rude 
^'  tribes  of  Asia  and  Africa,  with  whom 
^  ^  they  have  traveled,  have  a  similar  me- 
thod of  acquiring  a  draught  of  water,  though 
Ihey  do  not  understand  the  principle  on  which  it 
depends.  They  provide  themselves,  in  th^-ir  jour- 
nays,  with  a  long  hollow  cane,  and,  when  they 
wish  to  drink,  or  to  give  their  companions  a 
draught  of  water  from  a  stream  or  pool,  they 
place  the  hollow  cane  in  the  water,  and  apply 
tlieir  mouth  to  the  upper  end,  and  draw  out  the 
air,  when  the  water  rushes  in  and  fills  the  inte- 
rior of  the  cane;  they  then  apply  their  thumb  to 
the  upper  end,  take  the  cane  out  of  the  water, 
and  apply  it  to  the  lips  of  their  thirsty  companion, 
when  the  water  rushes  into  his  mouth.  This 
mode  of  taking  a  draught  of  water  may,  in  some 
CJises,  be  very  convenient  when  we  cannot  easily 
apply  our  lips  to  the  surface  of  a  running  stream. 
The  action  of  the  syi)hon  depends  on  the  same 
principle.  A  syphon  is  a  bent  tube,  the  one  end 
of  which  is  longer  than  the  other,  as  a  b,  fig.  4. 
If  the  tube  be  filled  with  water,  and  the  siiorter 
leg  be  placed  in  a  vessel  of  water,  e,  immediately 
upon  withdrawing  the  finger  from  the  longer  leg, 
the  water  will  flow  out  until  the  liquid  in  the 
vessel  is  emptied.  By  means  of  this  instrument, 
we  can  convey  water  from  a  cistern  over  a  rising 
ground,  provided  its  perpendicular  elevation  above 
the  level  of  the  fountain  does  not  exceed  thirty- 
two  feet,  and  that  the  leg,  from  which  the  water 
runs  otf,  is  below  the  level  of  the  cistern;  bccausd? 


the  weight  of  a  column  of  water,  about  thirty- 
two  or  thirty-three  feet  high,  is  equal  to  the 
weight  of  a  column  of  air  reaching  from  the  sur- 
face of  the  earth  to  the  top  of  the  atmosphere. 
The  pressure  of  the  atmosphere  upon  the  water 
of  the  vessel,  or  cistern,  produces  this  effect. 

Fig.  4. 


It  might  be  shown,  that  the  common  pump  for 
raising  water,  the  fire-engine,  the  steam-engine, 
the  forcing  pump,  and  many  other  pneumatic  and 
hydraulic  engines,  derive  their  power  and  utility 
chiefly  from  that  extensive  and  universal  agent — 
the  pressure  of  the  atmosphere;  without  the  as- 
sistance of  which  many  of  our  most  powerful 
engines  would  be  arrested  in  their  operations,  and 
sink  into  feebleness  and  insignificancy.  But  thia 
chapter  shall  be  concluded  by  a  few  general  re- 
marks, suggested  by  this  subject. 

The  discovery  of  the  pressure  of  the  atmosphere, 
and  of  its  agency  in  tlie  system  of  nature,  formed 
a  new  era  in  the  history  of  science.  However 
common  it  is  now  to  perform  the  Torricellian  ex- 
periment, and  to  talk  about  the  pressure  of  the 
atmospiiere,  it  was  a  subject  which,  less  than  two 
centuries  ago,  struck  with  astonishment  all  the 
learned  throughout  Europe.  So  wonderful  and 
incredible  did  it  at  first  appear,  that  it  was  not 
until  after  the  lapse  of  several  years — until  after 
opinions  which  had  prevailed  for  ages  had  been 
overturned,  and  the  most  decisive  experiments 
had  been  performed,  in  every  possible  way,  that 
it  was  cordially  received.  And,  indeed,  when  we 
consider  the  effects  of  this  powerful  agent,  in  the 
numerous  operations  both  of  nature  and  art,  there 
is  something  which  tends  to  excite  our  admiration 
more  than  all  the  fairy  tales  which  the  human 
fancy  has  created.  We  behold  its  operation  in 
compressing  tlie  bodies  of  all  animated  beings — 
in  counterpoising  the  internal  pressure  of  the  cir- 
culating fluids,  and  preventing  the  elastic  force 
of  the  internal  air  from  bursting  the  arteries  and 
veins.  We  behold  its  operation  in  forcing-pumps 
and  fire  engines — in  raising  water  from  deep  pits, 
and  carrying  it  to  the  tops  of  the  highest  build- 
ings— in  giving  motion  to  our  spinning-machines, 
and  in  propelling  large  vessels  along  seas  and 
rivers — in  the  action  of  Hiero's  fountain,  of  sy- 
phons, and  barometers;  and  in  many  other  cases 
where  its  agency  could  scarcely  have  been  sus- 
pected. What  can  be  more  unlike  than  the  work- 
ing of  a  fire-engine,  when  spouting  a  column  of 
water  to  the  top  of  a  building  in  flames,  and  the 
crawling  of  a  fly  upon  a  window-pane,  or  the 
ceiling  of  a  room?  Yet  both  these  operations  are 
performed  by  the  same  means,  the  pressure  of 
the  atmosphere. 

But  what  appears  no  less  striking  than  such 
operations,  is,  the  pressure  of  the  atmosphere 
upon  our  own  bodies.  It  has  already  been  stated, 
that  this  pressure  amounts  to  above  thirty  thou- 
sand pounds.  Were  the  half  of  this  weiglit  to 
fall  on  one  side  of  our  bodies,  without  being 
counteracted  by  any  other  power,  it  would  pro- 
duce an  effect  similar  to  that  of  a  heavy  wall,  or 
the  f0v.f  cf  I  hc>use  iTulUnj,  flut  upoi»  us,  and  would 
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Infallibly  drive  the  breath  from  our  lungs,  and 
crush  to  pieces  every  bone.  What  is  it,  then, 
which  prevents  such  a  terrible  effect?  A  small 
quantity  of  air  within  us,  which  would  not  weigh 
above  a  single  ounce,  by  its  strong  elastic  force, 
counterpoises  the  effects  of  this  tremendous  pres- 
sure; so  that,  instead  of  lying  as  a  mountain  on 
our  loins,  it  acts  like  wings  to  our  feet,  or  like 
sinews  to  our  limbs.  When  a  flat  bottle  is  empty, 
and  laid  on  its  side,  we  migiit  imagine  that  the 
vfeight  of  the  air  would  break  it  to  pieces;  but 
the  air  which  is  contaiutd  v/itliin  the  bottle, 
whetiier  stopped  or  not,  has  the  same  power,  by 
its  elasticity,  to  prevent  its  breaking,  as  the  air 
without  has  to  crush  it  to  atoms.  But,  if  we 
apply  a  syringe  to  the  neck  of  such  a  flat  bottle, 
and  exhaust  the  air  which  is  enclosed  within,  the 
extraction  of  that  small  body  of  air,  which,  by 
its  elastic  spring,  supported  the  sides  of  it,  gives 
room  to  the  external  air  to  act  on  the  surface  of 
the  bottle  with  all  its  force,  and  the  bottle  will  fly 
into  a  thousand  pieces.  Such  would  be  the  case 
with  respect  to  our  own  bodies,  if  an  exact  balance 
were  not  kept  up  between  the  pressure  of  the 
atmosphere  without,  and  the  elastic  force  of  the 
air  within;  and,  in  this  instance,  as  well  as  in  a 
thousand  other  instances,  we  have  a  striking  evi- 
dence of  the  wisdom  and  of  the  benevolence  of 
Him  who  at  first  created  and  arranged  all  the 
powers  and  elements  of  nature,  so  as  to  render 
them  subservient  to  the  preservation  and  comfort 
of  every  species  of  animated  existence. 

It  is  owing  to  the  same  admirable  arrangement 
of  the  Creator,  that  our  dwellings  are  not  crushed 
to  atoms.  Suppose  an  apartment  only  twelve  feet 
square,  and  nine  feet  high,  the  pressure  of  the  air 
upon  the  four  sides,  aud  the  roof,  containing  five 
hundred  and  seventy-six  square  feet,  is  equal  to 
one  million,  two  hundred  and  forty-four  thousand, 
one  hundred  and  sixty  poundsl  Tliis  enormous 
pressure  is  balanced  by  the  resistance  of  the  small 
quantity  of  the  air  in  the  room,  which  weighs 
only  ninety-seven  pounds;  so  tlia'  here  is  a  small 
Weight   of    uiuety-seven    pounds    counteracting 


a  pressure  of  1,244,160  pounds!  Without  tint 
wonderful  balance  no  house  could  be  habitable, 
no  creature  could  remain  alive;  our  glass-windows 
would  be  shattered  to  atoms;  an  army-tent,  a  pea- 
sant's house,  or  a  shepherd's  hut,  yea,  even  our 
most  stately  edifices,  would  be  crushed  to  atoms. 
It  appears,  then,  that  we  are  immersed  in  an 
invisible  fluid,  which,  on  the  one  hand,  by  itj 
enormous  pressure,  threatens  to  crush  us  to  the 
earth,  and,  on  the  other,  by  its  elastic  force,  to 
burst  our  blood-vessels,  and  tear  our  whole  frame 
to  pieces.  The  equality  or  equipoise  of  these  two 
formidable  and  death-menacing  powers,  is  our 
only  safeguard  and  defense;  and  shows  us  hove 
"fearfully  and  wonderfully"  we  are  every  mo- 
ment preserved  by  that  Almight)'  Being,  "in 
whose  hand  our  breath  is,  and  whose  are  all  our 
ways."  Here  we  have  a  striking  evidence  of  its 
benevolence  and  skill,  in  having,  by  his  wisdom, 
reconciled  and  balanced  two  such  formidable  and 
contending  powers,  and  so  tempered  them,  that 
the  impetuosity  of  the  one  is  checked  by  the  ac- 
tivity of  the  other;  and  all  nature,  instead  of  be- 
ing shattered  and  destroyed,  is  preserved  in  safe 
and  harmonious  order.  Were  it  his  design  to 
destroy  the  inhabitants  of  onr  world,  or  to  render 
them  miserable,  we  see  how  easily  this  could  be 
effected.  He  has  only  to  permit  one  of  those 
powers  now  described  to  act  without  control,  and 
the  work  of  destruction  is  at  once  accomplished. 
So  that  in  his  "hand  is  the  soul  of  every  living 
tiling,  and  the  breath  of  all  mankind."  He  up« 
holdeth  our  souls  in  life,  and  his  merciful  visita- 
tion sustains  our  spirits.  It  is  the  province  of 
true  philosophy  to  trace  the  attributes  of  the  Al- 
mighty, in  every  part  of  his  operations,  in  the 
system  of  nature;  and  there  is  no  scene  through- 
out the  universe,  where  his  voice  is  not  heard,  and 
where  his  power  and  wisdom  are  not  conspicuous- 
ly displayed  to  those  who  have  ears  to  hear,  and 
eyes  to  see,  aud  spiritual  discernment  to  recognize 
the  footsteps  and  the  agency  of  an  almighty, 
though  invisible.  Intelligence;  "for  in  Him  we 
live,  and  move,  and  have  our  being." 


CHAPTER    IV. 


THE    ELASTICITY  OF   THE  AIR,  AND   THE    PHENOMENA  IT   EXPLAINS. 


The  atmosphere  is  that  ocean  of  air  which 
surrounds  our  globe  on  all  sides,  and  in  which  we 
live  and  breathe.  We  are  plunged  into  the  bottom 
of  the  vast  aerial  sea,  as  the  fishes  are  plunged 
into  the  depths  of  the  ocean.  Before  we  were 
brought  into  the  world,  we  were  furnished  with 
a  diaphragm  and  lungs,  with  cartilages,  ribs,  and 
muscles,  to  enable  us  to  draw  in  this  vital  fluid. 
The  first  rush  of  the  air  into  the  lungs,  and  the 
cries  which  accompany  it,  announce  life  and  sen- 
sation. More  than  a  hundred  muscles  are  em- 
ployed in  drawing  in  and  expelling  this  aerial  fluid; 
and  this  operation  is  continued,  without  intermis- 
sion until  death.  In  this  element  we  pass  the 
whole  of  our  existence,  from  the  cradle  to  the 
grave;  it  surrounds  us  wherever  we  go,  whether 
on  sea  or  land,  and  almost  all  our  enjoyments 
depend  on  its  benign  agencies.  This  element, 
however,  is  impalpable  to  our  senses.  By  its 
transparency,  it  escapes  our  ocular  inspectionj  by 


its  thinness,  it  eludes  our  grasp;  it  cannot  be  per- 
ceived by  our  smell  or  taste,  nor  even  by  our  or- 
gans of  hearing,  unless  when  it  is  in  a  state  of 
tremor  and  agitation.  But  we  are  fully  assured, 
in  numerous  instances,  that  tlie  powers  of  nature 
may  be  in  complete  existence,  though  they  are 
imperceptible  to  every  organ  of  sensation;  and 
hence  we  ought  to  guard  against  an  error  com- 
mon both  to  the  vulgar  and  to  philosophers,  that 
"  the  things  which  we  cannot  see  have  no  real 
existence."  The  atmosphere,  though  invisible,  is 
one  of  the  most  important  and  essential  constitu- 
ents of  our  terrestrial  habitation.  We  could  livB 
for  a  few  days  without  food,  or  drink,  or  sleep; 
we  could  pass  weeks  and  months  without  the  light 
of  the  sun,  or  the  glimmering  of  a  star;  but  if 
we  are  deprived  only  for  a  few  minutes  of  the 
vital  air,  the  lungs  refuse  to  play,  the  heart  ceasea 
to  beat,  the  blood  stagnates  in  the  arteries  and 
veiusj  we  faint,  we  sicken,  we  die.     The  poweM 
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of  the  animal  machine  are  broken;  the  thoughts 
and  perceptions  vanish;  tlie  (iust  returns  to  its 
kinched  dust,  and  the  spirit  returns  to  God  who 
gave  it. 

We  shall  now  chiefly  attend  to  the  ilUistralion 
of  the  elasticity  of  the  atmosphere.  By  tlie 
elasticity  of  the  air,  is  meant  that  property  by 
which  it  contracts  itself  into  less  space,  wlien  an 
additional  pressure  is  laid  upon  it,  and  by  wiiich 
it  recovers  its  former  dimensions  when  the  pres- 
sure is  removed.  When  I  take  a  piece  of  whale- 
bone, or  a  watch-spring,  and  bring  the  two  ends 
together,  as  soon  as  the  force  thus  employed  is 
removed,  the  spring  returns  to  its  former  position. 
In  such  cases,  we  say  that  the  body  is  elastic. 
When  I  take  a  small  quantity  of  wool  into  my 
hand,  and  compress  it,  upon  opening  my  hand,  it 
recovers  its  former  bulk,  by  the  natural  spring  of 
Its  fibers;  and  hence  we  conclude  that  this  sub- 
stance possesses  a  certain  degree  of  elasticity.  In 
like  manner,  if  1  take  a  bladder  and  fill  it  with  air 
and  apply  a  force  to  the  sides  of  it,  so  as  to  com- 
press it  into  a  smaller  space,  when  the  force  is 
removed  it  immediately  expands,  and  fills  the 
same  space  as  before,  which  clearly  proves  that 
the  air  contained  in  the  bladder  is  of  an  elastic 
nature. 

In  consequence  of  this  elastic  property,  the 
air  always  endeavors  to  expand  itself,  and  to  oc- 
cupy more  space.  This  is  proved  by  taking  a 
bladder,  containing  only  a  small  quantity  of  air, 
tying  its  neck  close,  so  as  to  prevent  the  escape 
of  the  air,  and  then  placing  it  under  the  receiver 
of  an  air-pump.  So  long  as  the  bladder  is  ex- 
posed to  the  pressure  of  the  atmosphere,  it  will 
remain  in  the  same  state;  but,  when  the  air  is 
exhausted  from  the  receiver,  and  the  external 
pressure  removed,  the  side  of  the  bladder,  which 
was  flabby  and  lax,  stretches  itself  out,  swells, 
and  becomes  tight,  being  raised  by  the  elastic 
power.  And,  if  the  air  be  again  let  into  the  re- 
ceiver, the  bladder  returns  to  its  former  shape. 
By  a  similar  experiment  it  is  sliown,  that  the.  ex- 

Eansive  power  of  the  small  quantity  of  air  in  the 
ladder  is  capable  of  raising  leaden  weights  of  a 
considerable  size.  In  consequence  of  tiiis  strong 
elastic  power  of  the  air,  a  person,  by  blowing 
into  a  pipe  connected  with  several  bladders,  has 
been  able  sensibly  to  raise  a  mill-stone,  which 
was  placed  upon  the  bladders  ;  which  demon- 
strates the  vei-y  strong  e.Kpansive  power  of  a  very 
small  quantity  of  air. 

On  the  same  principle,  were  a  bladder,  contain- 
ing a  very  small  quantity  of  air,  taken  to  the 
higher  regions  of  the  atmosphere,  it  would  gradu- 
ally expand  the  higher  it  was  carried,  in  conse- 
quence of  the  pressure  of  the  atmosphere  being 
gradually  diminished,  until,  at  length,  it  would 
burst  the  bladder,  by  the  expansive  force  with 
which  it  is  indued.  In  like  manner,  heat  in- 
creases the  elasticity  of  air.  If  a  bladder,  con- 
taining a  small  quantity  of  air,  be  placed,  before 
a  strong  fire,  the  small  portion  of  air  it  contains 
will  expand  until  the  bladder  appears  quite  full, 
and  ready  to  burst.  There  is  another  striking 
experiment  which  demonstrates  this  elastic  force 
of  the  air.  When  a  thin  bottle  with  flat  sides  is 
firi.ily  corked,  so  as  to  prevent  the  included  air 
froM  escaping,  is  placed  under  the  receiver  of 
an  b-ir-pump,  and  the  air  exhausted,  the  spring  of 
the  air  within  it  will  dilate  with  so  much  violence 
as  break  the  bottle  to  pieces.  In  like  manner, 
were  the  pressure  of  the  external  air  completely 
removed  from  our  bodies,  and  the  escape  of  the 
internal  air  prevented,  the  elastic  force  of  the  air 
within  us  would  immediately  tear  the  lungs  and 


other  vessels  to  pieces,  force  the  blood  through 
the  arteries  and  veins,  and  put  an  end  to  all  the 
functions  of  the  animal  machine.  If  an  animal, 
as  a  cat,  mouse,  or  bird,  bo  put  under  a  receiver, 
and  the  air  exhausted,  the  animal  will  be  at  first 
oppressed  as  with  a  great  Vv'i>ight,  then  grow  con- 
vulsed, their  bodies  will  swell,  and  if  they  are 
allowed  to  remain  only  for  a  few  minutes,  they 
inevitably  die.  Were  we  to  take  a  shriveled 
apple,  and  put  it  under  the  receiver  of  the  air- 
pump,  and  exhaust  the  air,  the  skin  will  gradu- 
ally swell  as  the  pressure  of  the  air  diminishes, 
the  wrinkles  will  be  filled  up,  and  the  apple  will 
appear  as  if  fresh-gathered.  When  the  air  is  let 
in,  it  ri^turns  again  to  its  former  withered  state. 
The  effect  now  stated,  is  owing  to  the  elasticity 
of  the  air  in  the  inside  of  the  apple,  which  ex- 
pands when  the  atmospheric  pressure  is  removed. 

From  a  variety  of  experiments  it  is  demonstrat- 
ed, that  the  spring  of  the  air  is  equal  to  its 
weight,  and  produces  the  same  effects  as  its  pres- 
sure ;  for,  action  being  equal  t«  re-action,  the 
force  which  the  elasticity  of  the  air  exerts,  in 
endeavoring  to  expand  itself,  is  equal  to  the  force 
with  which  it  is  compressed,  just  as  it  is  in  the 
spring  of  a  watch,  which  exerts  no  force,  but  in 
proportion  as  it  is  wound  up.  If  a  quantity  of 
air  therefore,  is  included  in  a  vessel,  and  is  of  the 
same  density  with  the  snrroundiug  air,  its  pres- 
sure against  the  sides  of  the  vessel  is  equal  to 
that  produced  by  the  external  atmosphere.  Hence 
it  is  that  we  can  break  a  square  glass  bottle,  either 
by  the  direct  pressure  of  the  atmosphere,  after  the 
air  has  been  extracted  from  it,  or  by  removing 
the  pressure  of  the  atmosphere,  and  allowing 
the  elasticity  of  the  air  within  to  exert  its  expan- 
sive force. 

It  is  owing  to  the  elasticity  of  the  air  that  it 
is  susceptible  of  dilatation  and  compression  To 
what  degree  air  of  the  same  density  which  it 
possesses  at  the  surface  of  the  earth  is  capable  of 
being  compressed,  has  not  yet  been  fully  ascer- 
tained. Dr.  Halley  informs  us,  that  he  has  seen 
it  compressed,  so  as  to  be  sixty  times  denser  than 
in  its  natural  state.  Some  have  supposed  that  no 
bounds  can  be  fixed  to  the  condensation  of  air.  But 
it  appears  from  some  experiments  made  in  Lon- 
don, and  by  the.  Academy  of  Florence,  that  no 
force  whatever  is  able  to  reduce  air  into  eight 
hundred  times  less  space  than  that  which  it  na- 
turally possesses  at  the  surface  of  the  earth.  It 
is  owing  to  the  power  of  being  artificially  con- 
densed, that  forcing-pumps  produce  their  effects, 
and  that  an  air-gun  is  enabled  to  discharge  a  ball 
to  a  considerable  distance  with  great  violence 
The  air  is  forced  into  a  certain  compartment  of 
the  gun  by  means  of  a  syringe  or  condenser, 
which  drives  the  air  in,  and  suffers  none  of  it  to 
come  back  until  it  be  sufficiently  condensed. 
When  the  valve  which  confines  the  air  is  opened, 
the  air  by  its  elastic  power  rushes  in  behind  the 
ball,  and  forces  it  out  of  the  barrel  with  great 
violence.  It  would  be  better  for  mankind,  how- 
ever, that  no  such  instruments  were  ever  con- 
structed. Science  ought  always  to  have  for  its 
object  the  construction  of  instruments  and  ma- 
chines which  have  a  tendency  to  promote  the 
comforts  of  mankind,  not  those  which  may  be 
employed  by  uufwincipled  men  as  weapons  of 
destruction  ;  and,  therefore,  the  construction  of 
this  instrument  is  alluded  to  merely  as  an  illus- 
tration of  the  powerful  effect  of  the  elasticity  of 
the  air.  Would  to  God  that  guns,  and  cannons, 
and  warlike  instruments  of  all  descriptions  were 
forever  unknown  among  men;  that  swords  were 
beaien  into  plowshares,  and  spears  into  pruning- 
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hooks;  that  nation  miglit  no  longer  lift  up  sword 
against  nation,  but  delight  themselves  in  peace! 
The  dilatation  or  expansion  of  air,  in  virtue 
of  its  elastic  force,  is  found  to  be  very  surprising. 
In  several  experimonts  made  by  Ihe  lionorable 
Mr.  Boyle,  it  dilated  at  first  into  nine  times  its 
former  space,  then  into  thirty-one  times,  then 
into  sixty,  and  then  into  one  hundred  and  fifty. 
Afterward,  it  was  brought  to  dilate  8,000  times 
its  space,  llien  into  10,000  times;  and,  at  last, 
into  13,679  times  the  space  it  originally  occupii'd, 
and  all  this  was  effected  by  its  own  expansive 
force,  without  the  help  of  fire,  or  the  principle 
of  heat.  Hence  it  appears  that  the  air  we  breathe 
near  the  surface  of  the  earth  is  compressed  by  its 
own  weight  into  at  least  the  13,000th  part  of  the 
space  it  would  occupy  in  vacuo.  And,  as  it  has 
been  found  that  it  may  be  compressed  into  a 
space  sixty  times  less  than  that  which  it  gener- 
ally occupies,  it  follows,  that  the  space  which  it 
will  possess,  when  most  dilated  to  that  which  it 
occupies  when  condensed,  will  be  nearly  as  820,- 
000  to  one!  The  amazing  force  of  this  elastic 
power  of  the  air,  were  it  properly  directed,  might 
be  niade  to  ^ct  as  a  strong  mechanical  power,  and 
there  can  be  little  doubt  that  many  of  the  terrific 
operations  of  nature — such  as  earthquakes,  vol- 
canoes, the  rising  of  new  islands  from  the  bottom 
of  the  ocean,  and  the  detachment  of  rocks  and 
fragments  of  mountains  amidst  the  ranges  of  the 
Alps,  the  Andes,  and  other  mountainous  regions 
— are  to  be  ascribed,  at  least  to  the  partial  opera- 
tion of  this  power,  in  combination  with  other 
physical  agents. 

It  has  been  a  subject  of  inquiry  among  philoso- 
phers, whether  the  elastic  power  of  the  air  is 
capable  of  being  diminished  or  destroyed.  Mr. 
Boyle  endeavored  to  discover  iiow  long  air  would 
retain  its  spring,  after  having  assumed  the  great- 
est degree  of  expansion  his  air-pump  could  give 
it,  but  he  never  observed  any  sensible  diminution. 
M.  Desaguliers  says,  that  air,  which  had  been 
inclosed  half-a-year  in  awind-gnn,  had  lost  none 
of  its  expansive  power;  and  Mr.  Roiierval  asserts 
that  he  has  preserved  air  in  t!ie  same  manner  for 
sixteen  years;  and  after  that  period,  he  observed 
that  its  projectile  force  was  the  same  as  if  it  had 
been  newly  condensed. 

Various  causes  have  been  assigned  by  philoso- 
phers to  account  for  the  elasticity  of  the  atmo- 
Bphere.  The  general  opinion  which  now  prevails 
is,  that  it  depends  upon  the  latent  caloric,  or 
principle  of  heat,  which  it  contains,  and  which 
enables  it  to  retain  its  fluid  form;  and  that  caloric 


is  the  most  elastic  body  in  nature.  But  this  ii 
only  an  explanation  of  elasticity  by  an  assump- 
tion of  elasticity.  It  removes  the  difficulty  only 
one  step  farther  on,  and  leaves  us  still  in  tlie  dark 
as  to  the  nature  of  elasticity,  and  the  reason  why 
caloric  is  endowed  with  an  elastic  power.  In 
this,  as  well  as  in  many  other  instances,  we  must 
rest  contented  in  resolving  it  into  the  will  of  the 
Deity,  that  such  a  property  should  be  possessed 
by  atmospheric  air  in  order  to  accomplish  somft 
wise  and  beneficent  purposes  in  the  economy  of 
creation. 

The  elasticity  of  the  air  explains  a  variety  of 
appearances  in  nature  and  art.  For  examjde, 
beer  or  ale,  when  bottled,  contains  in  it  a  quan- 
tity of  air,  the  elasticity  of  which  is  resisted  oy 
the  pressure  of  tlie  condensed  air  between  the 
cork  and  the  surface  of  the  liquid.  On  removing 
the  cork,  the  liquid  and  the  air  which  it  contains 
are  relieved  from  this  intense  pressure.  Tlie 
liquid  itself,  not  being  elastic,  is  not  affected  by 
this;  but  the  elastic  force  of  the  condensed  air, 
which  has  been  fixed  in  it,  having  no  adequate 
resistance,  immediately  escapes,  and  rises  in  bub- 
bles to  the  surface,  and  produces  the  frothy  ap- 
pearance consequent  upon  opening  the  bottle. 
On  a  similar  principle  we  may  account  for  the 
following  appearance.  If  a  man  fall  into  the 
water,  and  is  drowned,  the  carcass  in  a  few  days 
rises  and  floats  on  the  surface.  The  privation 
of  life,  and  the  stagnation  of  the  fluids,  are  soon 
followed  by  a  putrid  fermentation,  which  decom- 
poses the  body.  This  fermentation  disengages  a 
great  quantitj'  of  air,  which  is  disseminated 
among  the  internal  vessels,  and  as  this  air  cannot 
escape,  the  body  swells  by  its  expansion,  until  it 
becomes  specifically  lighter  than  the  water,  and 
rises  to  its  surface.  But,  as  the  putrefaction  goes 
on,  the  parts  give  way,  the  air  escapes,  and  the 
body,  being  thus  rendered  specifically  heavier 
than  the  water,  sinks  to  rise  no  more.  It  ia 
likevvise  by  the  elastic  property  of  air  that  fishes 
are  enabled  to  rise  and  sink  In  the  water.  They 
are  furnished  with  an  air-bladder,  which  they 
have  the  power  of  contracting  or  dilating  at  plea- 
sure. When  the  fish  compresses  this  bladder,  its 
whole  volume  becomes  less,  and  it  sinks  in  the 
water;  when  the  pressure  is  removed,  the  air  in 
the  bladder  instantly  expands,  and  it  is  enabled  to 
rise  to  the  surface.  A  variety  of  instances  of  a 
similar  kind,  illustrative  of  the  elasticity  of  the 
air,  might  be  exhibited  :  but  instead  of  dwelling 
on  these,  we  shall  now  proceed  to  another  depart- 
ment of  our  subject 


CHAPTER    V 


THE  HIGHT  OF  THE  ATMOSPHERE;  OR,  THE  ELEVATION  TO  WHICH  H 
TENDS  BEYOND  THE  SURFACE  OF  THE  EARTH. 


EX- 


The  hig'ht  of  the  atmosphere  is  considered,  by 
many  writers  and  lecturers  on  this  subject,  as  a 
point  fully  determined,  and  is  treated  as  familiarly 
a^  the  hight  of  the  Andes,  or  the  Alps,  or  of 
Mount  Etna,  or  Mount  Blanc.  But  the  hight  of 
the  atmosphere  has  never  yet  been  fully  ascer- 
tained, and  it  is  probable  will  never  be  accurately 
determined.  If,  indeed,  the  air  were  of  an  equal 
density,  from  the  surface  of  the  earth  to  the  top 
of  the  atmosphere,  its  liight  might  be  easily  de- 
termined; for  it  is  found  by  experiment,  that  the 
weight  of  a  column  of  air  extending  to  the  top  of 
the  atmosphere  is  equal  to  the  weight  of  a  column 
of  water  of  the  same  base  and  32  feet  high.  Sup- 
posing wafer  to  be  840  times  heavier  than  air — 
multiply  840  by  32  feet,  and  the  product  will  be 
26,880  feet,  or  5  miles  and  160  yards  for  the  hight 
of  the  atmosphere,  were  its  density  at  every  ele- 
vation exactly  the  same  as  at  the  surface  of  the 
earth.  But  we  know  that  the  density  of  the  air 
decreases  and  is  more  rarefied  and  expanded  the 
higher  we  go;  and,  from  other  considerations  we 
know  that  it  extends  far  beyond  the  limit  now 
stated;  so  that  this  calculation  can  afford  us  no 
accurate  idea  of  the  hight  to  which  the  atmosphere 
extends. 

Another  method,  therefore,  of  determining  this 
point  was  devised  by  philosophers,  which  ap- 
proaches nearer  to  the  truth.  It  is  found  by  ob- 
Bervation,  tliat  the  sun  is  about  eighteen  degrees 
below  the  horizon  before  twilight  comes  to  an  end 
in  the  evening.  Now,  twilight  is  caused  by  the 
rays  of  the  sun  being  refracted  and  reflected  from 
the  higher  parts  of  the  atmosphere  to  the  earth; 
otherwise,  we  should  be  involved  in  total  darkness 
at  the  moment  the  sun  descended  below  the  hori- 
zon. From  this  circumstance,  the  hight  of  the 
highest  part  of  the  atmosphere  which  is  capable 
of  refracting  the  rays  of  light  may  be  determined. 

Let  FAB  (fig.  5)  represent  the  horizon  of  an 

Fig.  5. 


observer  at  a;  s  d,  a  ray  of  light  falling  upon  the 
atmosphere  at  d,  and  making  an  angle,  s  d  b,  of 
18°  with  the  horizon;  the  angle  s  d  a  will  then  be 
162^.  From  the  center  c,  draw  c  d,  and  it  will 
be  perpendicular  to  the  reflecting  particles  at  d, 
and  will  likewise  bisect  the  angle  s  d  A.     lu  the 
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right-angled  triangle  c  v  \,  the  angle  c  n  a  is 
equal  to  81°;  or,  if  we  allow  for  refraction,  81° 
30',  A  c,  the  radius,  or  half-diameter  of  the  earth, 
is  nearly  equal  to  4000  miles.  Then  by  the  rules 
of  trigonometry, 


As  the  sine  of  the  angle  c  D  a 

Is  to  the  side  a  c  . 

So  is  radius,  sine  of  90^ 


To  the  side  c  D,  4044 >^  miles 


81°  30        .    9.995203 

40C0        .     3.G02060 

.  10.0(JOOOO 


From  c  d,  equal  to  the  semidiameter  of  the  earth 
and  atmosphere,  subtract  c  A,  or  the  semidiameter 
of  the  earth,  and  the  remainder,  E  d,  equal  to  44j^ 
miles,  will  be  the  hight  of  the  atmosphere.  In 
this  operation,  the  logarithms  of  the  second  and 
third  terms  of  the  proportion  are  added,  and  the 
logarithm  of  the  first  term  subtracted  from  the 
sum. 

Thus  3.602060 
10.000000 


13.002060 
9.995203 


The  same   result  is  produced   by  the  following 
proportion: — 

As  Radius  ...  ....     10.000000 

Is  to  A  c  4000 3.602060 

So  is  the  secant  of  A  c  d=8>^  ....     10.004800 

TocD=4044>^ 3.606860 


It  appears,  then,  that  in  ordinary  cases,  the  air, 
at  the  hight  of  forty-four  miles  and  a  half,  is  ca- 
pable of  reflecting  to  us  the  rays  of  light.  But, 
as  a  sensible  illumination  has  been  perceived  when 
the  sun  is  much  farther  below  the  horizon  than 
what  has  been  now  stated,  there  is  some  reason 
to  conclude,  that  the  air  is  sufficiently  dense  for 
reflecting  a  sensible  degree  of  light  at  the  hight 
of  nearly  two  hundred  miles. 

Various  considerations,  founded  on  meteoric 
phenomena,  serve  to  prove  that  the  atmosphere 
extends  to  a  much  higher  elevation  than  forty- 
four  or  fifty  miles.  In  the  year  1719,  a  remark- 
able luminous  meteor,  or  fire-ball,  was  seen, 
whose  altitude  was  computed  to  be  seventy-three 
miles  above  the  surface  of  the  earth.  On  the 
18th  of  August,  1783,  a  brilliant  fire-ball  passed 
over  Britain  and  the  adjacent  countries-;  and,  from 
various  circumstances  which  were  particularly 
marked  by  different  observers,  it  was  calculated 
that  its  elevation  above  the  earth  could  not  be  less 
than  ninety  or  a  hundred  miles.  In  passing  over 
certain  parts  of  England  a  loud  report  was  lieard 
and  a  hissing  noise.  The  meteor  of  1719  is  said 
to  have  been  attended  with  an  explosion,  which 
was  heard  over  the  whole  island  of  Great  Britain, 
occasioning  a  violent  concussion  of  the  atmo- 
S|)here,  and  seeming  to  shake  even  the  earth  itself. 
Now,  in  these,  and  multitudes  of  similar  pheno- 
mena, we  have  instances  of' fire  and  flame  being 
supported,  and  sounds  conveyed  to  the  earth  from 
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a  higlit  of  ninelj'  or  a  hundred  miles;  and,  conse- 
quently, even  in  these  elevated  regions,  notwith- 
stiinrling  the  great  rarefaction  of  the  air,  it  must 
still  have  the  power  of  supporting  flame  and  pro- 
pagating sound.  Even  although  the  fire-balls 
alluded  to  he  supposed  to  cor.sist  of  electrical 
matti^r — which  is  the  general  opinion — yet  th.? 
difficulty  is  not  thereby  removed;  for,  it  is  found, 
by  some  late  experiments,  that  the  electrical  fire 
cannot  penetrate  a  perfect  vacuum.  And,  there- 
fore, there  is  reason  to  conclude,  that  we  are  still 
ignorant  of  the  precise  extent  of  the  atmosphere, 
and  of  the  nature  of  the  fluids  which  occupy  its 
superior  regions.  That  the  meteors  now  referred 
to,  however  elevated,  were  not  beyond  the  limits 
of  the  atmosphere,  appears  from  this  considera- 
tion, that  the  atmosphere  revolves  with  the  earth 
in  its  course  round  the  sun,  at  the  rate  of  68,000 
miles  an  hour.  Now,  as  the  meteor  of  1783 
moved  from  north  to  south,  if  it  had  been  beyond 
the  limits  of  the  atmosphere,  it  would  have  been 
left,  in  the  course  of  a  minute,  more  than  a  thou- 
sand miles  to  the  westward,  by  the  earth  flying 
out  before  it,  both  in  its  annual  and  diurnal 
course. 

In  short,  it  appears  not  altogether  improbable 
to  suppose,  that  the  visible  universe  is  flUed  with 


>5ome  fine  elastic  fluid  or  air,  but  of  such  rarity 
as  to  be  no  sensible  hindrance  to  the  celestial  orbs 
in  their  I'apid  motions  through  the  regions  of 
space;  and  that  this  fluid  accuniulates  itself  around 
every  planetary  body,  in  proportion  to  the  quan- 
tity of  matter  it  coiitaiii.s — llie  larger  bodies  at- 
tracting more  of  it  and  the  smaller  bodies  less; 
aiid  thus  forming  an  atmosphere  around  eacli, 
corresponding  to  its  nature  and  destination.  And, 
if  this  be  the  case,  the  atmosphere  of  the  earth 
can  have  no  definite  boundary,  but  may  be  said 
to  mingle  with  the  atmospheres  of  all  the  otlier 
planets  which  bi-long  to  our  system.  There  is  a 
certain  portion  of  atmospheric  air,  however,  which 
must  always  be  considered  as  attached  to  the 
earth,  and  which  revolves  with  it  in  its  diurnal 
rotation,  and  is  carried  along  witli  it  in  its  course 
round  the  sun.  If  the  atmosphere  did  not  revolve 
along  with  the  earth,  we  should  constantly  expe- 
rience an  easterly  wind,  blowing  with  an  immense 
velocity  of  more  than  a  thousand  miles  an  hour, 
which  would  produce  a  most  tremendous  hurri- 
cane, which  would  level  with  the  ground  houses, 
trees,  forests,  and  every  prominent  object  on  the 
surface  of  the  earth.  But  the  particular  region 
where  the  motion  of  the  atmosphere  terminateSi 
it  is  impossible  for  us  to  ascertain. 


CHAPTER    VI. 


THE  COMPOSITION  OF  THE   ATMOSPHERE. 


For  a  long  series  of  ages,  air  was  considered  by 
philosophers  as  one  of  the  four  elements  of  whicli 
all  things  are  composed,  the  other  three  being  fire, 
earth,  and  water.  But  the  discoveries  of  modern 
chemistry  have  fully  demonstrated  that  all  these 
are  compound  bodies — that  even  the  air  itself,  fine 
and  invisible  as  it  is,  is  not  a  simple  substance  but 
compounded  of  different  ingredients.  This  is  one 
of  the  most  curious  and  interesting  discoveries  of 
modern  times;  and  little  more  than  seventy  years 
have  elapsed  since  it  was  first  surmised  that  the 
atmosphere  is  not  a  simple  and  homogeneous,  but 
a  compound  fluid.  The  experiments  which  led 
to  this  discovery  were  first  made  by  Dr.  Priestley, 
'  on  the  1st  of  August,  1774,  on  which  day  he  ob- 
tained what  was  then  termed  dephlogisticated  air, 
now  known  by  the  name  of  oxygen  gas,  and 
which  forms  one  of  the  constituent  principles 
of  atmospheric  air.  It  was  also  discovered  in 
the  year  1775,  by  M.  Scheele,  a  Swedish  chemist, 
without  any  previous  knowledge  of  what  Dr. 
Priestley  had  done,  and  he  gave  it  the  name  of 
em})yreal  air,  from  its  powerful  influence  in  sup- 
porting flame.  But,  instead  of  entering  into  the 
history  of  such  discoveries,  and  of  the'  processes 
by  which  they  were  made,  a  !'ew  of  the  properties 
possessfd  by  the  diff'erent  ingredients  of  which 
our  atinospliere  is  composed  maybe  simply  stated. 
Tiie  air  of  the  atmosphere,  then,  is  found  to 
consist  chiefly  of  two  very  opposite  principles  or 
fluids,  termed  oxygen  gas,  and  nitrogen  gas,  along 
with  a  very  small  proportion  of  fixed  air  or  car- 
bonic acid  gas.  If  any  portion  of  the  atmosphere, 
such  as  the  air  in  our  apartments,  be  supposed  to 
to  be  divided  into  a  hundred  equal  parts,  twenty- 
one,  of  these  parts  will  be  oxygen  gas,  about 
Beveaty-eight  nitrogen,  and  a  hundredth  part,  or 


according  to  some  chemists,  a  thousandth  part  will 
be  fixed  air,  or  carbonic  acid  gas.  In  the  first 
place,  a  few  remarks  shall  be  offered  on  the  nature 
and  properties  of  oxygen  gas. 

This  gas,  like  common  air,  is  colorless,  invisible, 
and  elastic,  and  capable  of  indefinite  compression 
and  expansion.  Its  peculiar  and  distinguishing 
properties  are: — 1st.  It  is  essential  tocombustion« 
and  is  the  only  principle  with  which  we  are  ac- 
quainted by  which  flame  can  be  supported.  When 
acting  by  itself,  it  produces  the  most  rapid  con- 
flagration of  all  combustible  substances.  If  a 
lighted  taper  be  let  down  in  a  jar  of  oxygen  gas, 
it  burns  with  such  splendor  that  the  eye  can 
scarcely  bear  the  glare  of  light,  and,  at  the  same 
time,  produces  a  much  greater  heat  than  when 
burning  in  common  air.  If  apiece  of  iron  wire, 
a  watch-spring,  or  a  steel  file,  armed  witii  a  piece 
of  wood,  or  phosphorus  in  an  inflammable  state, 
be  put  into  this  gas,  the  steel  will  take  fire,  throw- 
ing out  sparks,  and  producing  the  most  brilliant 
appearance,  almost  dazzling  the  eye  with  their 
splendor.  In  the  next  place,  it  is  essential  to  the 
support  of  animal  life;  for  it  has  been  proved  by 
many  experiments,  that  no  animal  can  exist  for  a 
single  moment  in  any  kind  of  air  which  does  not 
contain  a  certain  portion  of  oxygen;  sothatman, 
and  all  the  other  ranks  of  animated  beings,  may 
be  said  to  depend  upon  this  substance,  not  only 
fortheir  comforts,  but  for  theirvery  existence. 

Again,  the  basis  of  oxygen  gives  the  acid  chai 
racter  to  all  mineral  and  vegetable  salts,  from 
which  property  its  name  is  derived;  for  the  term 
oxygen  literally  signifies,  the  generator  of  acids. 
In  short,  oxygen  is  the  vehicle  of  heat  to  the  ani- 
mal system — it  imparts  the  red  color  to  the  blood 
'  in  its  passage  through  the  lungs — it  constitutes 
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the  baeis  both  of  the  atmosphere  which  surrounds  ,  narrator)  at  the  present  time,  although  eight  days 

have  ("lapsed  since  he  inhaled  the  gas.  His  health 
and  spirits  since  that  time  have  l)een  uniformly 
good,  and  he  attributes  tiie  restoration  of  strength 
and  mental  energy  to  the  influence  of  the  nitrons 
oxyde.  He  is  quite  regular  in  liis  mind,  and  now 
exj)eriences  no  uncommon  exhilaration,  but  is  ha- 
bitually cheerful,  whereas,  before,  he  was  habitual- 
ly grave,  and  even,  to  a  degree,  gloomy  and  me- 
lancholy." 

The  writer  has  inhaled  this  gas,  and  can  attest 
its  pl'-asing  and  exhilarating  effects.  It  produced  j 
a  disposition  to  laughter,  which  no  consiuerationl 
could  resist,  and  a  wish  to  flee  from  the  apartment 
in  which  the  experiment  was  performed,  that 
laughter  might  be  indulged  without  restraint.  It 
produced,  likewise,  an  agility  and  a  tendency  to 
skip  and  jump;  and,  during  its  effect,  a  flow  of 
pleasing  ideas  passed  through  the  mind,  and  the 
lapse  of  a  few  seconds  seemed  to  be  magnified  in- 
to as  many  hours.  He  has  witnessed  its  efFecta 
both  on  the  male  and  on  the  female  sex.  He  has 
seen  a  little  grave  man,  possessed  of  a  meek  and 
well-cultivated  mind,  capering  through  the  room 
with  all  the  airs  of  a  king,  brandishing  his  staff, 
and  jumping  until  his  head  nearly  touched  the 
ceiling  of  the  room,  about  eight  feet  high.  When, 
afterward,  asked  why  he  brandished  his  stick, 
as  if  he  had  been  going  to  fight,  he  replied,  that  he 
imagined  there  was  a  beautiful  and  extensive  seen© 
before  him,  which  he  wished  to  approach;  but  was 
prevented  by  the  company  around  him,  and,  there- 
lore,  was  obliged  to  clear  his  way,  like  a  policeman 
when  keeping  off  a  crowd.  The  writer  has,  also, 
seen  a  female  rapt  into  perfect  ecstasy  in  conse- 
quence of  the  feelings  slie  experienced,  expressing 
her  emotions  in  the  most  poetic  exclamations,  and 
tossing  lier  shawl,  her  head-dress,  and  her  slippers, 
from  lier  as  unworthy  of  attention,  and  altogether 
regardless  of  the  looks  and  opinions  of  surround- 
ing spectators.  But,  in  order  that  this  gas  may 
produce  its  full  effect,  it  requires  some  attention 
and  dexterity  in  breathing  it.  The  nostrils  must 
be  stopped,  and  no  atmospheric  air,  if  possible 
should  be  allowed  to  mix  with  the  nitrous  oxyde. 
For  want  of  attending  to  such  precautions,  some 
persons  who  attempt  to  breathe  it  never  felt  ita 
peculiar  effects. 

It  has  been  ascertained  from  various  experi- 
ments, particularly  from  those  made  by  the  late 
Sir  Humphrey  Davy,  that  the  nitrous  oxyde  pro- 
duces a  somewhat  similar  effect  upon  insects, and 
other  animals,  which  are  found  to  jump  and  caper 
about  in  a  frolicsome  manner,  as  if  highly  de- 
lighted, when  immersed  in  this  gas. 

These,  and  other  effects,  arising  from  the  breath- 
ing of  this  very  singular  fluid,  show  us  with  what 
ease  the  Almighty  could  produce  in  us  either  the 
most  delightful  or  the  most  painful  sensations, 
merely  by  a  slight  modification  or  change  of  the 
principles  of  which  the  atmosphere  is  composed. 
Certain  combinations  of  oxygen  and  nitrogen  gas 
would  produce  a  fluid,  which  would  inflict  the 
most  excruciating  pain,  and  destroy  the  corporeal 
system  in  a  few  minutes.  Sulphuric  acid,  or 
aquafortis,  a  most  deadly  fluid,  when  taken  into 
the  mouth  or  stomach,  is  composed  of  seventy- 
flve  parts  oxygen  and  twenty-five  parts  nitrogen, 
which  is  only  a  different  proportion  of  the  same 
ingredients  whicli  constitute  the  air  we  breathe. 
Were,  therefore,  our  atmosphere  composed  of 
such  a  proportion  of  these  two  gases,  it  is  easy  to 
foresee  the  fatal  consequences  which  would  result 
from  breathing  such  a  fluid.  On  the  other  hand, 
we  mav  learn  how  an  intelligent  mind  connected 
With  a  corporeal  frame,  somewhat  analogous  to 


the  earth,  and  of  the  water  which  forms  itsri 
seas,  and  oceans;  for  water  is  found  to  be  nothing 
else  than  a  combination  of  two  kinds  of  air,  oxy- 
g'Mi  ami  hydrogen  gas.  It  pervades  the  substance 
of  all  the  vegetable  tribes,  and  enables  them  to 
perform  their  functions.  In  combination  with 
the  liirt'erent  metals,  it  serves  the  most  important 
purposes  in  the  useful  arts;  and,  on  the  whole, 
n>ay  be  considered  as  the  most  extensively  useful, 
and  the  most  powerful  and  energetic  agent  in  the 
system  of  nature. 

Oxygen  gas  may  be  procured  from  a  variety  of 
substances,  particularly  from  niter,  manganese, 
and  the  red  oxyde  of  mercury,  and  also  from  ve- 
getables immersed  in  water  and  exposed  to  the  so- 
lar rays.  It  is  heavier  than  common  air,  nearly 
in  the  proportion  of  eleven  to  ten;  one  hundred 
anii  sixteen  cubic  inches  of  oxygen  are  found  to 
weigli  about  thirty-nine  grains,  while  the  same 
quantity  of  common  air  weighs  on^y  thirty-five 
aiiLi  a  lialf  grains. 

One  of  the  most  extraordinary  effects  of  oxy- 
gen appears  when  it  is  combined  with   nitrogen 
in  a  certain  proportion,  so  as  to  form  what  is  com- 
monly called   nitrous   oxyde.     This   gas  consists 
of    sixty-three    paits    nitrogen    and    thirty-seven 
parts  oxygen.     When  it  is  put  into  a  bladder,  and 
inhaled  into  the  lungs,  by  means  of  a  pipe,  and 
shutting  the  nostrils,  it  produces  an  extraordinary 
elevation  of  the  animal  spirits — involuntary  mus- 
cular motion — a  propensity  to  leaping  and  dancing 
— involuntary  bursts  of  laughter — a  rapid  flow  of 
vivid  and  agreeable  ideas,  and  a  thousand  delight- 
ful emotions,  without  being  succeeded  by  any  sub- 
sequent feelings   of  languor  or   debility.     When 
Mr.  Sou  they,  the  poet,  inhaled  this  gas,  he  declar- 
ed that  it  produced  in  him  sensations  perfectly  new 
and  delightful.     His  first  sensations  were  a  kind 
of  dizziness,  so   as  to  produce  a   fear  of   falling. 
This  was  succeeded  by  a  laugh,  which  was  invo- 
luntary but  highly  pleasurable,  accompanied  with 
a  peculiar   thrilling  in  the  extremities  perfectly 
new,  and  with  the  most  delightful  sensations.  For 
many  hours   after  this    experiment,  he  imagined 
that  his  taste  and  smell  were  more  acute,  and  is 
certain  that  he  felt  unusually  strong  and  cheerful. 
In   Professor  Silliman's   Americaii  Journal  of 
Science,  we  have  the  following  account  of  the  ef- 
fects   of   this  air  on  one  of   the  professor's  stu- 
dents, at  Yale  College,  New  Haven.  "The  person 
on  whom  the  experiment  was  made,  was  a  man  of 
mature  age  and  of  a  grave  character.    For  nearly 
two  years  previous  to  liis  taking  the  gas,  his  health 
was  so  very  delicate,  and  his  mind  so  gloomy  and 
distressed,  that  he  was  obliged  almost  entirely  to 
discontinue  his  studies.     In  this  state  of  debility, 
he  inhaled  about  tliree  quarts  of  the  nitrous  oxyde. 
The  consequences  were,  an  astonishing  invigora- 
tiou  of  the  whole  system,  and  the  most  exquisite 
perception  of  delight.     These  werenmanifested  by 
an  uncommon  disposition  for  mirth  and  pleasantry, 
and    by  extraordinary  muscular  power.     The  ef- 
fects of  the  gas  were  felt  without  diminution  for 
at  least  thirty  hours;  and  in  a  greater  or  less  de- 
gree for  mure  than  a  week.      But  the  most  re- 
markable effect  was  upon    the    organs    of    taste. 
B -tore  taking  the  gas,  he    felt   no   peculiar  choice 
in  the  articles  of  food;  but,  immediately  after  that 
event,  he  manifested  a  taste  for  such  things  only 
as  Were  sweet,  and  'for  several-  days,  ate  noth.ing 
but  sweet  cake.     His  singular  taste  was,  indeed, 
carried   to    such  excess,  that   he  used  sugar  and 
molasses,  not  only  upon  his  bread  and  butter  and 
lighter  food,  but  even  upon  his  fresh  meat  and  ve- 
getables; and  this  ho  continues  to  do  (says  the 
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ours,  may  be  preserved  in  a  state  of  uniform 
cheerfulness,  and  even  of  exquisite  delight,  by 
breathing  an  atmosphere  somewhat  similar  to 
that  of  nitrous  oxyde.  In  other  worlds,  where 
the  inhabitants  have  retained  their  original  integ- 
rity, tliis  may  be  the  case.  The  other  planets  of 
our  system  or  of  other  systems,  although  encom- 
passed with  atmospheres,  may  have  them  of  very 
different  qualities  from  ours,  as  to  their  transpa- 
rency, their  refractive  and  reflective  powers,  and 
the  influence  they  produce  on  the  mental  and 
corporeal  constitution  of  their  inhabitants.  Our 
atmosphere  exhibits  evident  marks  of  Divine  wis- 
dom and  benevolence;  but  it  is  adapted  to  man 
considered  as  in  a  state  of  depravity  and  imper- 
fection, and  appointed  to  a  short  mortal  existence, 
and  is  not  fitted  to  preserve  him  in  an  immortal 
existence  in  the  present  state,  as  was  probably  the 
ease  when  this  world  was  first  arranged,  and 
when  man  proceeded  from  the  hands  of  his  Crea- 
tor as  a  holy  being. 

The  next  component  part  of  the  atmosphere  is 
nitrogen  gas,  or  wliat  is  sometimes  termed  azote. 
It  is  chiefly  distinguished  by  its  negative  qualities. 
In  the  first  place,  no  combustible  body  will  burn 
in  it;  for,  if  a  burning  candle  be  immersed  in  a 
jar  filled  with  nitrogen,  it  will  be  extinguished  as 
instantaneously  as  if  plunged  in  water.  If  a  light- 
ed taper  be  put  into  a  close  vessel  full  of  common 
air,  it  will  burn  until  all  the  oxygen  be  consumed, 
after  which,  as  nothing  but  nitrogen  remains,  it 
will  instantly  go  out.  In  the  next  place,  it  is  in- 
capable of  supporting  animal  life;  for,  if  any  liv- 
ing being  be  obliged  to  respire  it,  it  drops  down 
dead  almost  instantaneously;  and,  from  this  cir- 
cumstance it  derived  the  name  of  azote,  which 
signifies  life-depriver.  It  is  this  gas  which  passes 
from  the  lungs  at  every  expiration;  and,  were  we 
to  breathe  it  again,  without  any  mixture  of  other 
air,  we  should  be  instantly  suffocated.  But,  being 
lighter  than  atmospheric  air,  it  rises  above  our 
heads,  and  enters  into  new  combinations.  It  is 
owing  to  the  presence  of  this  gas,  rising  from 
several  hundreds  or  thousands  of  lungs,  that  can- 
dles burn  so  dimly  in  the  higher  parts  of  crowded 
churches  and  assemblies.  It  is,  therefore,  a  strik- 
ing consideration,  that  nearly  four-fifths  of  the 
air  we  breathe  consists  of  this  noxious  and  de- 
structive fluid.  But,  though  it  is  destructive  to 
animal  life,  it  forms  an  important  element  in  the 
system  of  nature:  it  enters  extensively  into  com- 
bination with  other  substances;  and  its  existence 
in  such  a  large  quantity  is  a  chief  distinction 
between  the  constitution  of  animal  and  vegetable 
matter.  It  likewise  exists  in  the  products  of  seve- 
ral vegetables,  and  appears  to  be  favorable  to  plants 
and  flowers,  which  vegetate  freely  when  surround- 
ed with  nitrogen.  This  gas  is  permanently  elas- 
tic, transparent,  colorless,  and  inodorous.  Its 
specific  gravity  is  0.9748,  that  of  common  air 
being  1.0000;  and  one  hundred  cubic  inches  of  it 
weigh  about  thirty  grains.  It  slightly  tinges  deli- 
cate blue  colors  with  green. 

The  other  ingredient  mentioned  as  forming  a 
small  portion  of  the  atmosphere,  is  carbonic  acid 
gas,  or  what  was  formerly  called  fixed  air.  This 
gas  constitutes  about  a  hundredth  or,  according 
to  some  chemists,  about  a  thousandth  part  of  the 
atmosphere.  It  is  found  in  a  ctate  of  combination 
with  limestone,  chalk,  marble,  manganese,  and 
other  substances,  from  which  it  may  be  extracted 
by  the  application  of  heat,  or  of  the  mineral  acids, 
and  in  considerable  abundance  in  mines,  caves, 
the  bottom  of  wells,  in  wine-cellars,  brewers' 
vats,  and  in  t!ie  neighborhood  of  lime-kilns.  It 
is  iavidiuie  aud  elastic,  and  is  the  heaviest  of  all 


the  gases,  being  considerably  heavier  than  com- 
mon air;  and,  therefore,  may  be  poured  from  one 
vessel  to  another,  like  water.  Its  specific  gravity 
is  1.. 512.3,  that  of  common  air  being  reckoned 
1.0000,  so  that  its  gravity  is  more  than  one  and  a 
half  that  of  atmospheric  air.  One  hundred  cubic 
inches  of  oxygen  weigh  nearly  thirty-four  grains, 
while  one  hundred  cubic  inches  of  carbonic  acid 
weigh  more  than  forty-six  and  a  half  grains.  It 
is  this  gas  which  has  deprived  of  life  many  indi- 
viduals who  have  descended  into  deep  wells  which 
had  been  long  shut  up  from  the  air,  and  which 
produces  so  many  ravages  in  coal-mines,  under 
the  name  of  the  choke-damp;  for  it  is  almost  in- 
stantaneously fatal  to  all  animals  that  breathe  it. 
Wherever  it  is  found,  it  always  occupies  the  low- 
est place,  on  account  of  its  superior  weiglit;  and, 
therefore,  in  those  caves  where  it  abounds,  a  per- 
son may  walk  erect  without  danger;  but,  were  he 
to  lie  down,  he  would  be  instantly  suffocated. 
The  Grotto, del  Cani,  or  the  Dog's  Grotto,  in 
Italy,  is  well  known.  It  is  an  artificial  cave,  in 
which  there  is  a  constant  natural  exhalation  of 
carbonic-acid  gas.  The  following  feat  is  shown 
to  strangers: — A  man  carries  in  a  dog,  and  places 
him  on  the  floor;  the  dog,  if  left  long  enough, 
dies;  but  the  man  is  not  affectei;  for  the  carbonic- 
acid  gas,  by  ils  weight,  occupies  the  lowest  stra- 
tum of  about  eighteen  inches  depth,  and  the 
stratum  above  that  bight  is  pure  air.  But  that  it 
is  poisonous  to  man,  is  evinced  by  the  fate  of  per- 
sons who  incautiously  expose  themselves  to  the 
vapors  of  charcoal  burning  in  ill-ventilated  apart- 
ments, or  who  venture  into  large  vessels,  in  which  , 
fermentation  had  been  conducted,  as  in  breweries 
and  distilleries.  Rl.iny  persons,  from  ignorance 
of  the  prevalence  of  this  gas  in  the  vicinity  of 
lime-works,  have  lain  down  to  repose,  and  in  a 
short  time  have  slept  the  sleep  of  death.  As  this 
gas  is  destructive  to  animal  lite,  so  it  extinguishes 
flame.  This  can  be  strikingly  sliown  by  letting 
down  a  burning  taper  to  the  bottom  of  a  glass 
jar,  filling  a  bottle  with  carbonic-acid  gas,  and 
pouring  it  as  if  it  were  water  into  the  jar;  the 
flame  is  immeiiiateiy  extinguished.  It  is  this  gas 
which  gives  briskness  and  an  agreeable  pungency 
to  fermented  liquors,  as  porter  and  ale,  and  which 
appears  on  their  surface  in  the  form  of  a  white 
froth.  All  kinds  of  spring  and  well-water  con- 
tain carbonic-acid,  which  they  absorb  from  the 
atmosphere,  and  to  which  they  are  partly  indebted 
for  their  agreeable  flavor.  Boiled  water  has  an 
insipid  taste  from  the  absence  of  carbonic-acid. 
The  base  of  carbonic  acid  gas  is  distinguished 
by  the  name  carbon,  which  is  nearl}'  allied  to 
charcoal.  It  exists  largely  in  animal  substances, 
and  is  extensively  distributed  in  the  mineral  king- 
t'om.  The  only  body  in  which  carbon  has  been 
Ibund  to  exist  in  a  state  of  absolute  purity,  is  the 
diamond — a  precious  stone  which  has  always 
been  esteemed  as  the  most  valuable  of  the  gems; 
a  superiority  which  it  owes  to  ils  hardness,  luster, 
and  high  refractive  power.  It  uniformly  occurs 
crystallized,  and  presents  a  great  variety  of  forms. 
Its  specific  gravity  is  3.5,  water  being  1.  Its 
hardness  is  extreme,  so  that  it  can  be  worn  down 
only  by  rubbing  one  diamond  against  another, 
and  is  polished  only  by  the  finer  diamond  powder 
The  diamond,  by  being  intensL-ly  heated  with  a 
burning-glass  in  oxygen  gas,  burns  with  a  bright 
red  l:ghl,  and  converts  the  oxygen  into  pure  car- 
bonic-acid gas,  as  charcoal  does.  Carbonic-acid 
gas  is,  therefore,  to  be  considered  as  a  solution  of 
diamond  in  oxygen  gas,  even  when  it  is  prepared 
by  the  combustion  of  mere  charcoal.  It  may  not 
be  altogether  useless  to  remark,  that  in  all  piacea 
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such  a3  wine-cellars,  vaults,  and  deep  wells,  where 
tlie  pr.'seiice  of  carbonic-acid  g'as  is  suspected,  it 
is  propi.T  to  use  the  precaution  of  trying  whether 
a  caniile  or  taper  will  burn  in  such  places  before 
we  venture  into  them.  If  it  be  a  deep  well  that 
requires  to  be  cleaned,  a  burning  candle  siiould 
be  let  down  with  a  cord,  and  if  it  go  out  before 
reachin<f  tli«  bottom  of  the  well,  no  person  ought 
to  veatLire  down  before  the  no.\ious  air  is  removed. 
Such,  then,  are  the  three  constituent  principles 
of  the  atmosphere  in  which  we  live  and  breathe. 
We  ought  not,  however,  to  conceive  that  the 
principles  which  form  our  atmosphere,  and  the 
proportion  in  which  they  are  combined,  constitute 
the  onlj'  fluid  which  is  fitted  for  supporting  ani- 
mal life  and  vigor.  It  is  a  fluid  which  seems  to 
be  adapted  only  to  mortal  men,  and  calculated  to 
support  the  vital  functions  only  to  the  period  of 
eighty  or  one  hundred  years.  It  is  not  at  all  im- 
probable, that  it  is  owing  to  the  large  proportion 
of  nitrogen  which  enters  into  the  composition  of 
the  atmosphere  that  renders  it  unfit  for  supporting 
human  life  beyond  a  certain  short  and  limite(l 
period;  and  that,  were  a  much  larger  quantity  of 
oxygen  combined  with  other  gases,  in  a  certain 
proportion,  and  some  slight  changes  effected  in 
the  other  elements  of  nature,  the  lives  of  men 
and  other  animals  might  be  protracted  to  several 
hundreds  or  thousands  of  years,  and  their  spirits 
preserved,  at  the  same  time,  in  uninterrupted 
cheerfulness  and  vigor.  Nor  is  it  altogether  im- 
probable that,  in  the  course  of  those  improve- 
ments which  are  now  commencing  throughout 
the  world,  the  air  of  our  atmosphere  may  he  great- 
ly ameliorated,  and  rendered  more  salubrious  and 
invigorating  to  animated  beings,  when  the  stag- 
nant marshes  which  abound  in  every  part  of  the 
globe  shall  be  completely  drained;  when  those 
immense  forests  which  now  cover  a  great  part  of 
Asia,  of  New  Holland,  and  of  the  continent  of 
America,  shall  be  cut  down,  and  the  soil  laid  open 
to  the  influence  of  the  solar  rays — when  the  reefs 
which  are  now  rising  from  the  ocean,  by  the 
agency  of  minute  creatures,  shall  be  formed  into 
continents  and  islands — when  the  barren  deserts 
of  Africa  shall  be  transformed,  by  human  science 
and  industry,  into  fruitful  fields — when  the  soil 
throughout  every  region  of  the  globe  shall  be 
universally  cultivated — when  those  immense  thick- 
ets and  jungles  where  the  lion  and  the  tiger  now 
roam  undisturbed,  shall  be  changed  into  corn- 
fields, gardens,  and  orchards,  and  become  the  seats 
of  civilization  and  of  peace — in  short,  when  the 
whole  earth  shall  form  one  wide  scene  of  rural 
and  architectural  beauty — we  have  every  reason 
to  believe  that  then  the  different  climates  of  the 
earth  will  be  greatly  meliorated;  that  the  fury  of 
those  storms  which  now  carry  destruction  in  their 
train  will  be  greatly  abated — and  that  the  very 
atmosphere  round  us  will  be  so  modified,  puri- 
fied, and  improved,  as  to  render  it  capable  of 
prolonging  the  life  of  man  for  perhaps  two  or 
three  hundred  years.  Such  effects  correspond  to 
what  is  predicted  respecting  the  state  of  the 
world  during  the  millennium,  when  the  instru- 
ments of  warfare  shall  be  beaten  into  plowshares 
and  pruning-hooks;  when  peace  shall  reign  tri- 
umphant over  the  world,  and  when  every  man 
shall  sit  under  his  vine  and  fig-tree  without  fear 
of  annoyance.  At  wliich  period  it  is  predicted, 
that  the  life  of  man  shall  be  extended  beyond  its 
present  boundaries.  For  thus  saith  Jehovah,  "As 
the  days  of  a  tree*  are  the  days  of  my  people" — 

*  Certain  species  of  trees  are  said  to  continue  in  vigor 
rinrin?  a  period  of  five  hnndrod  years,  as  tlie  oak  and  several 
other  trees. 


"they  shall  build  houses  and  inhabit  them;  and 
they  shall  plant  vineyards  and  eat  the  fruit  of 
them;  ....  and  mine  elect  shall  long  enjoy  the 
work  of  their  hands."  "  Then  shall  the  earth 
yield  her  increase;  and  God,  even  our  own  God, 
shall  bless  us." 

All  the  operations  and  ameliorations  now  al- 
luded to  are  perfectly  practicable,  were  the  moral 
state  of  man  improved.  Could  we  undermine  the 
principle  of  avarice  and  selfishness  in  the  human 
heart;  could  we  promote  a  spirit  of  harmony  and 
general  benevolence  among  human  beings;  and 
were  the  whole  body  of  mankind  to  exert  their 
powers  in  unison,  in  the  cause  of  universal  im- 
provement— this  earth,  which,  in  many  places, 
appears  like  a  world  in  ruins,  might,  ere  long,  be 
transformed  into  one  wide  terrestrial  paradise 
But  principles  and  dispositions  directly  opposite 
to  these  have,  for  the  most  part,  hitherto  prevailed. 
The  present  state  of  the  moral  world,  and  the 
infernal  passions  which  have  raged  among  man- 
kind for  ages  past,  have  rendered  it  expedient,  in 
the  moral  government  of  the  Almighty,  that  the 
life  of  man  should  not  extend  much  beyond  "  three- 
score years  and  ten,"  in  order  that  wickedness 
may  be  kept  within  certain  bounds.  And,  there- 
fore, no  extraordinary  or  extensive  improvements 
in  science  and  art,  or  in  the  general  cultivation  of 
the  earth,  can  be  expected  until  the  moral  powers 
of  man  be  cultivated  and  improved  along  with  the 
intellectual;  until  the  religion  of  Jesus  be  uni- 
versally recognized  in  all  its  bearings;  until  its 
holy  principles  and  practical  precepts  pervade 
every  heart;  and  until  a  spirit  of  love,  kindly 
affection,  and  benevolence  distinguish  the  general 
mass  of  society  in  every  land. 

But,  to  return  from  this  digression,  it  may  be 
further  remarked,  that  it  is  highly  probable  that 
the  component  parts  of  the  atmosphere,  in  the 
ages  before  the  flood,  were  very  different  from 
what  they  now  are,  and  that  it  was  owing  to  the 
peculiar  constitution  of  the  air  which  then  ex- 
isted, that  the  lives  of  the  antediluvians  were  pro- 
longed to  nearly  a  thousand  years.  At  the  period 
of  that  awful  catastrophe,  when  the  fountains  of 
the  great  deep  were  broken  up,  and  the  windows 
of  heaven  were  opened,  and  the  solid  strata  of  the 
earth  disrupted,  it  is  probable  that  the  atmosphere, 
too,  underwent  an  important  change  by  the  disso- 
lution of  some  of  its  elementary  parts,  so  that  it 
had  a  tendency  to  cut  short  the  lives  of  mankind 
in- all  succeeding  ages;  and,  until  the  ruins  which 
were  produced  by  that  physical  convulsion  be  in 
some  measure  repaired,  the  same  cause  will  pro- 
duce the  same  effects. 

In  short,  an  atmosphere  is  not  peculiar  to  the 
globe  on  which  we  dwell.  We  know,  from 
observation,  that  the  planets  Mars,  Venus,  and 
Jupiter,  are  furnished  with  atmospheres;  and  it  ia 
probable  that  every  planetary  world  has  a  similar 
appendage.  But  their  nature  may  be  as  different 
from  ours  as  are  the  nature  of  their  inhabitants 
and  the  constitution  of  the  globes  on  which  they 
reside.  While  our  atmosphere  is  fitted  only  to 
prolong  the  lives  of  mortal  men  for  a  limited 
number  of  years,  the  atmospheres  of  some  of  the 
other  planets  may  be  so  impregnated  with  th» 
vital  principle  as  to  support  immortal  bodies  in 
undecaying  vigor,  and  to  cause  such  an  elevation 
of  spirits  as  will  produce  uninterrupted  ecstasy 
and  delight.  And  all  this  may  bo  effected  by  the 
same  elementary  principles  of  which  our  atmo- 
sphere is  composed,  but  differently  modified  and 
compounded  by  the  hand  of  the  Almighty.  The 
experiments  wilii  nitrous  oxyde,  formerly  men- 
■  tioned,   show   us  what  striking  effects  may  bo 
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produced  by  different  combinations  of  the  gaseous 
fluids;  and,  therefore,  it  is  not  iinprobtible  that  the 
atmospheres  o.f  all  tlie  worlds  in  liie  universe  are 
only  different  modiiicatians  of  tliese  substances, 
suited  to  the  constitutions  of  their  inhabitants, 
and  the  spheres  they  occupy  in  creation.  In  the 
operations  of  the  Almighty  throughout  the  system 
of  nature,  we  perceive  a  striking  simplicity  in  the 
means,  producing  an  infinite  varit-ty  of  astonishing 
results.  From  a  few  simple  substances — caloric, 
light,  water,  air,  and  carbon — are  produced  all  the 
diversity  of  forms  and  colors  which  appear  among 
the  si.\ty  thousand  species  of  plants  which  adoru 


the  vegetable  kingdom,  and  almost  all  the  divej- 
sified  phenomena  of  sublunary  nature.  And  it 
is  not  unlikely  that  different  combinations  of 
these,  and  a  few  other  substances,  produce  all  that 
variety  which  appears  throughout  the  boundless 
univiM'.se;  and  rnay  give  birth  to  all  the  changes 
and  revolutions  through  wJiich  the  different  sys- 
tems of  creation  may  puss  daring  every  period  of 
infinite  duration.  For  He  who  arranged  the  sys- 
tem of  universal  nature  "  is  wonderi'ul  in  counsel, 
and  excellent  in  working" — "his  wisdom  is  un- 
searchable," his  power  irresistible,  and  the  ways 
of  his  providence  "  past  finding  out." 


CHAPTER    VII. 

THE  BENEFICIAL  EFFECTS  OF  THE  ATMOSPHERE  IN  THE  SYSTEM  OF  NATURE. 


This  subject  presents  an  immense  field  of  con- 
templation, which  it  would  require  several  volumes 
fully  to  illustrate:  and,  therefore,  a  few  general 
Btatements  and  illustri>.tions  can  only  be  given. 

1.  In  the  first  place,  air  is  essentially  requisite 
to  the  germination  and  growth  of  plants;  and, 
therefore,  to  the  influence  of  atmospheric  air  all 
the  beauties  of  the  vegetable  creation  are  to  be 
chiefly  ascribed.  By  experiment,  it  is  found  that 
the  access  of  atmospheric  air  is  no  less  necessary 
for  plants  than  it  is  for  the  Continuation  of  animal 
life.  Like  animals,  they  are  found  to  die  when 
confined  within  a  vacuum,  or  deprived  of  the  vital 
air.  The  influence  of  the  atmosphere  is  equally 
essential  at  every  period  of  their  existence,  from 
the  germination  of  their  seeds  to  the  full  develop- 
ment of  all  their  organs  in  the  perfect  plant. 
Thevr  leaves,  acting  in  some  measure  like  the 
lungs  of  animals,  absorb  oxygen  gas  during  the 
night,  and  carbonic-acid  gas  during  the  day;  and 
this  alternate  process  is  found  to  be  essential  to 
their  growth  and  nourishment.  Even  the  green 
color  of  plants,  which  is  produced  chiefly  by  the 
influence  of  light,  is  proved  not  to  be  perfected 
without  the  co-operation  of  oxygen  gas.  It  is  found 
that  pure  air,  or  oxygen  gas,  may  be  procured  by 
putting  the  leaves  of  plants  into  water,  and  ex- 
posing them  to  the  sun.  In  purifying  contami- 
nated air.  Dr.  Priestly  discovered  that  vegetables 
answered  this  purpose  most  efFectually.  Having 
rendered  a  quantity  of  air  very  noxious,  by  iTiice 
breathing  and  dying  in  it,  he  divided  it  into  two 
receivers,  inverted  in  water,  introducing  a  s;)rig 
of  mint  into  one  of  them,  and  keeping  the  other 
receiver,  with  the  contaminated  air  in  it,  alone. 
He  found,  in  about  eight  or  nine  days  after,  that  the 
air  of  the  receiver  into  which  he  had  introduced  the 
sprig  of  mint  had  become  respirable;  for  a  mouse 
lived  very  well  in  this,  but  died  immediately  upon 
being  introduced  into  the  other  receiver,  contain- 
ing the  contaminated  air  alone.  It  is  likewise 
proved  by  experiment,  that  the  simple  component 
principles  which  are  essential  to  the  formation  of 
vegetable-  matter  are  but  three  in  number,  namely, 
Carbou,  oxygen,  and  hydrogen^  and  these  form 
the  bases  of  carbonic-acid  gas',  oxygen  gas,  and  , 
hydrogen  gas.  From  the  various  proportions  in  ', 
which  these  ingredients  are  combined,  results  al-  j 
most  all  the  variety  of  vegetable  matters  which  { 
fall  under  our  notice.  I 

To  the  atmospheric  infiuenco,  therefore,  we  are 
indebted  for  all  the  productions  of  our  fields  and 


gardens,  and  for  all  that  diversity  of  prospect  and 
coloring  which  the  vegetable  tribes  spread  over 
the  landscape  of  the  world.  It  is  true,  indeed, 
that  water  is  also  necessary  for  the  production  of 
plants.  But  what  is  water?  It  is  nothing  else 
than  a  composition  of  two  kinds  of  air,  oxygen 
and  hydrogen,  combined  in  certain  proportions. 
Now,  it  is  found  that  plants  have  the  power 
of  decomposing  water  into  these  two  principles, 
throwing  off  a  part  of  the  one,  and  absorbing 
a  part  of  the  other.  The  elasticity  of  the  air 
has  likewise  an  important  influence  on  the  air- 
vessels  of  vegetables;  for  the  contained  air,  al- 
ternately expanding  and  contracting,  according 
to  the  increase  or  diminution  of  the  heat,  alter- 
nately presses  the  vessels,  and  eases  them  again, 
thus  keeping  up  a  perpetual  motion  of  their 
juices.  It  has  likewise  been  ascertained,  from 
recent  experiments,  that  the  pressure  of  the  at- 
mosphere has  a  powerful  influence  on  vegeta- 
tion, which  suggests  to  us  one  of  those  causes 
which  prevent  trees  from  flourishing  on  the  ele- 
vated sides  of  lofty  mountains. 

2.  The  pressure  of  the  atmosphere  has  an  influ- 
ence in  preserving  water  in  the  state  in  which  we 
find  it.  Nothing  is  of  more  importance  to  the 
comfort  of  man  and  other  creatures,  and  to  almost 
all  tlie  processes  of  the  arts,  than  water — without 
which  our  globe  would  be  transformed  into  an 
immense  desert.  But,  if  there  were  no  atmo- 
sphere, all  the  waters  on  the  face  of  the  earth 
would  boil,  and  be  evaporated  with  a  very  slight 
degree  of  heat.  The  ocean  would  be  drained  to 
its  lowest  caverns,  the  rivers  would  cease  to  flow, 
the  springs  would  be  dried  up,  and  the  whole  sur- 
face of  the  land  exhausted  of  that  moisture  so 
essential  to  the  existence  of  the  animal  and  vege- 
table world.  Indeed,  it  is  not  improbable,  that  all 
the  substances  on  the  earth,  solid  as  well  as  fluid, 
would  be  dissipated  into  vapor.  That  such  effects 
would  actually  take  place,  appears  from  a  variety 
of  experiments.  If  we  fill  a  long-necked  bottle 
with  boiling  water,  and  cork  it  close,  so  as  to  ex- 
clude the  air,  and  place  it  in  a  basin  of  cold  water, 
the  water  will  sink  in  the  neck  of  the  bottle  as  it 
cools.  This  shrinking  of  the  water  will  produce 
a  vacuum  in  the  upper  part  of  the  bottle,  and  the 
water  within  it  will  be  seen  to  recommence  boil- 
ing with  great  violence,  which  can  arise  from  no- 
thing but  the  cork  taking  off  the  pressure  of  the 
atmos[)here  from  the  water.  In  like  manner,  if 
we  place  water  that  has  been  cooled  several  do- 
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grces  below  boiling,  under  the  receiver  of  an  air- 
pump,  it  will  begin  to  boil  as  soon  as  the  air  is 
exhausted.  It  requires  a  heat  of  212°  of  FaJiren- 
heit's  thermometer  to  make  water  bo  '  under  the 
common  pressure  of  the  atmosphere;  but  in  the 
exhausted  receiver  of  an  air-pump,  it  boils  when 
heated  to  only  about  67°.  The  phenomenon  ex- 
hibited by  wliat  is  called  the  pulse-glass,  is  also 
owing  to  the  same  cause.  This  glass,  having  two 
bulbs,  is  partly  filled  with  spirits  of  wine,  the  air 
is  extracted,  and  the  glass  hermetically  sealed; 
and  wlien  the  hand  is  applied  to  one  of  the  bulbs, 
it  causes  a  heat  whicli.  proihices  an  ebullition  in 
the  spirits  of  wine.  It  is  likewise  owing  to  this 
pressure  that  porter,  ale,  and  other  fermented 
liquors  are  preserved  in  bottles;  without  which 
they  would  either  rush  with  violence  out  of  their 
mouths,  or  burst  them  to  pieces.  It  is  owing  to  the 
same  power  that  boiling  water  is  preserved  in  our 
pots  and  kettles,  when  used  in  cooking,  without 
the  influence  of  which  it  would  soon  dilate  itself, 
rush  over  the  vessels,  and  be  dissipated  into  vapor. 

3.  It  is  to  the  atmosphere  we  are  indebted  for 
the  action  of  fire  and  flame.  Fire  is  essentially 
necessary  to  human  existence,  even  in  the  warm- 
est climates  of  the  globe.  By  its  means  the  in- 
habitant of  the  desert  frightens  from  his  dwelling 
the  beasts  of  prey,  and  drives  away  the  insects 
whicii  thirst  for  his  blood.  By  its  means  also, 
man,  in  every  country,  prepares  his  food,  dis- 
solves the  metals,  vitrifies  rocks,  hardens  clay, 
softens  iron,  tempers  steel,  and  gives  to  all  tlie 
productions  of  the  earth  the  form  and  combina- 
tions which  his  comfort  and  necessities  require. 
But,  witliout  the  vital  air,  no  flame  can  be  extri- 
cated, nor  fire  made  to  burn.  This  is  proved  bj' 
putting  a  burning  taper  within  the  receiver  of  an 
air-puihp,  and  when  the  air  is  extracted  it  is  in- 
stantly extinguished.  The  act  of  combustion 
effects  an  analysis  of  the  air  ;  it  separates  its 
component  parts  :  the  oxygen  of  the  atmosphere 
combines  with  the  combustible  body;  caloric,  in 
the  form  of  sensible  heat,  is  thrown  off  in  every 
direction;  and  therefore,  where  no  oxygen  exists, 
it  is  imposssible  to  make  even  the  most  combusti- 
ble body  produce  heat  or  flame. 

4.  It  is  on  the  influence  of  the  atmosphere  that 
respiration  of  all  animals  depends.  The  process  of 
respiration  is  carried  on  by  means  of  the  lungs. 
These  are  distinguished  into  right  and  left.  I'lie 
right,  or  larger  lung,  is  divided  into  three  lobes; 
the  left  or  smaller,  into  two.  The  internal  fabric  of 
the  lungs  is  composed  of  an  infinite  number  of 
small  membranous  cells,  full  of  air,  communicat- 
ing with  one  another,  the  number  of  which  Dr.  Keil 
and  other  anatomists  have  computed  to  be  at  least 
1,744,000,000,  that  is,  one  thousand  seven  hun- 
dred and  forty-l'our  millions.  The  air  from  with- 
out rushes  into  these  vesicles,  and  is  again  ex- 
pelled 1200  times  every  hour:  and  during  the 
same  time  we  consume  about  48,000  cubic  inches 
of  air,  or,  at  the  rate  of  seventy-seven  wine 
hogsheads  in  a  day.  The  chief  uses  of  respira- 
tion are — 1,  to  biing  the  blood  in  contact  with 
the  air;  2.  to  effect  certain  changes  in  the  mass 
of  the  b.ooa  ;  and  3,  to  produce  animal  heat. 
Accordingly,  the  lungs  are  so  constructed  as  lo 
allow  the  largest  possible  quantity  of  deteriorateii 
blood  to  .enjoy  the  fullest  intercourse  with  the 
largest  possible  quantity  of  vital  air.  It  has  been 
calculated  by  Dr.  Hales,  that  each  air-cell  is  the 
one-hundredth  part  of  an  inch  in  diameter,  and 
Uiat  the  amount  of  surface  furnished  by  them,  col- 
lectively, is  equal  to  twenty  thousand  square  inches. 
Others  have  estimated  the  surface  to  be  more 
U'lu  1500  square  feet;  and  Dr.  Monro  states,  that 


it  is  thirty  times  the  surface  of  the  human  body. 
From  numerous  experiments,  it  has  been  found 
that  the  blood  perpetually  receives  oxygen  gas 
from  the  atmosphere  by  the  agency  of  the  lungs, 
and  that  its  red  color  is  derived  from  this  source. 
The  blood  is  purple  when  it  arrives  at  the  lungs 
from  the  heart ;  but,  having  there  thrown  off 
hydrogen  and  carbon,  it  imbibes  the  vital  air  of 
the  atmosphere,  which  changes  its  dark  color  tc 
a  brilliant  red,  rendering  it  tiie  spur  to  the  action 
of  the  heart  and  arteries,  and  the  source  of  mo- 
tion and  of  animal  heat.  The  blood  is  thus  in- 
debted every  moment  to  the  invigorating  influ- 
ence of  the  atmosphere,  without  which  the  heart 
would  cease  to  beat,  the  circulating  fluids  would 
stagnate,  and  the  body  become  a  cold,  putrid 
mass,  without  sensibility  or  motion. 

The  following  are  some  of  the  results  of  ex- 
periments in  relation  to  this  subject,  lately  per- 
formed by  Dr.  S.  Smith,  "1.  The  volume  of 
air  ordinarily  present  in  the  lungs  is  twelve 
English  pints.  2.  The  volume  of  air  received  by 
the  lungs,  at  an  ordinary  inspiration,  is  one  pint. 

3.  The  volume  of  air  expelled  from  the  lungs,  at 
an  ordinary  expiration,  is  a  little  less  than  one  pint. 

4.  Of  the  volume  of  air  received  by  the  lungs  at 
one  inspiration,  only  one-fourth  part  is  decom- 
posed at  one  action  of  the  heart,  and  this  is  so 
decomposed,  in  the  five-sixth  parts  of  one  second 
of  time.  5.  The  blood  circulates  through  thte 
system,  and  returns  to  the  heart  in  one  hundred 
and  sixty  seconds  of  time,  which  is  exactly  the 
time  in  which  the  whole  volume  of  air  in  the 
lungs  is  decomposed.  These  circuits  are  performed 
every  eight  minutes;  five  hundred  and  forty  cir- 
cuits are  performed  every  twenty-four  hours. 
6.  The  quantity  of  blood  that  flows  to  the  lungs, 
to  be  acted  upon  by  the  air  at  one  action  of  the 
heart,  is  two  ounces,  and  this  is  acted  upon  in 
less  than  one  second  of  time.  7.  The  quantity 
of  blood  in  the  whole  body  of  the  human  adult  is 
twenty-four  pounds  avoirdupois,  or  twenty  pints. 
8.  In  twenty-four  hours,  twenty-four  hogsheads 
of  blood  are  presented  to  the  lungs,  to  receive  the 
influence  of  the  vital  air.  9.  In  the  mutual  ac- 
tion which  takes  place  between  the  quantities  of 
air  and  blood  which  come  in  contact  in  twenty- 
four  hours,  the  air  loses  three  hundred  and  twenty- 
eight  ounces  of  oxygen,  and  the  blood,  ten  ounces 
of  carbon." 

Such  are  the  wonderful  processes  in  reference 
to  respiration  as  dependent  on  the  atmosphere. 
When  we  reflect  that  a  stratum  of  blood,  several 
hundred  feet  in  surface,  is  exposed  to  a  stratum 
of  air  still  more  extensive,  and  all  compressed 
within  the  compass  of  a  few  inches,  we  cannot 
but  be  filled  with  admiration  at  the  Divine  wis- 
dom displayed  in  this  and  many  other  functions 
of  the  human  system,  which  so  far  surpass  all 
the  contrivances  of  genius,  science,  and  art.  In 
every  part  of  the  workmanship  of  the  Almighty, 
even  the  most  minute,  we  perceive  the  impress 
of  infinite  goodness  and  intelligence,  demonstrat- 
ing that  He  who  formed  the  human  frame  and 
the  surrounding  elements  is  "  wonderful  in  coun- 
sel, and  excellent  in  working."  Not  only  are  ter- 
restri;d  animals  and  the  fowls  of  heaven  dependent 
for  existence  on  the  atmosphere,  but  even  the 
fishes  of  the  sea  cannot  subsist  for  any  length  of 
time  without  its  invigorating  influence.  Every 
fish  is  furnished  with  an  air-bladder,  by  which  it 
is  enabled  to  rise  in  the  water,  or  sink  into  it  at 
pleasure.  The  lungs  of  fishes  are  their  gills; 
these  consist  of  filaments,  arranged  somewhat 
like  the  feathers  of  a  quill;  they  are  found  to  be 
covered   with   minute   processes,   crowded   closa 
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together,  and  on  which  are  observe^i  by  the  mi- 
croscope, millions  of  capillary  blood-vessels  spread, 
like  a  net- work,  over  the  whole  surface.  It  is 
through  the  thin  coats  of  these  vessels  that  the  air 
acts  upon  the  blood  they  contain.  When  a  fi,sii 
is  taken  out  of  the  water,  the  reason  it  cannot 
breathe  is,  that  these  filaments  collapse,  and  ad- 
here together  in  a  mass,  and  the  air  cannot  sepa- 
rate them.  If  the  air  be  extracted  from  the 
water  in  which  fishes  swim,  or  if  they  have  no 
free  communication  with  the  air,  they  are  soon 
deprived  of  existence. 

5.  The  atmosphere  is  the  medium  in  which  the 
process  of  evaporation-  is  carried  on,  and  in  which 
clouds,  rain,  and  dew  are  produced.  By  the  heat 
of  the  sun  and  other  causes,  an  immense  portion 
of  matter  is  daily  carried  up  into  the  atmosphere 
hi  the  form  of  vapor,  in  which  state  it  occupies 
a  space  1400  times  greater  than  in  its  ordinary 
liquid  state.  It  has  been  found,  by  experiment, 
that  an  acre  of  ground,  in  the  course  of  twelve 
hours  of  a  summer's  day,  dispersed  into  the  air 
by  evaporation,  16,000  gallons  of  water.  Every 
hour  there  are  exhaled  in  this  way,  from  the  sur- 
face of  the  ocean,  many  millions  of  gallons,  and 
every  year  about  40,000  cubical  miles  of  water. 
This  vast  body  of  water,  sometimes  in  an  invisi- 
ble form,  and  sometimes  in  the  shape  of  clouds, 
is  carried  by  the  winds  over  tlie  different  regions 
of  sea  and  land.  A  part  of  this  water  is  con- 
densed into  thick  clouds,  and  falls  down  in  rains 
on  the  continents  and  islands,  to  fertilize  the  soil; 
a  part  descends  on  the  seas  and  oceans;  and  an- 
other part  supplies  the  sources  of  the  rivers,  by 
which  it  is  again  returned  to  the  ocean,  whence 
it  was  chiefly  derived.  This  continued  circula- 
tion of  vapor  through  the  atmospherical  regions, 
is  one  of  the  most  important  processes  in  the 
system  of  nature  connected  with  our  globe.  By 
means  of  it,  the  Creator  displays  his  wisdom  and 
unbounded  benevolence,  in  conveying  fertility  to 
the  different  climates  of  the  earth,  and  thus  sup- 
plying nourishment  and  comfort  to  man  and  to 
all"  the  inferior  orders  of  animated  existence.  But 
it  is  evident  that,  without  the  ministration  of  the 
atmosphere,  these  beneficent  operations  could  not 
be  carried  on,  and  tlie  earth  would  be  left  to  parch 
under  the  rays  of  the  sun,  until  it  were  trans- 
formed into  a  bleak  and  barren  desert.  It  is  ow- 
ing to  this  process  of  evaporation  that  our  clothes 
and  linens  are  dried,  after  having  been  washed, 
and  that  our  roads  are  rendered  clean  for  walking 
upon,  after  having  been  drenched  with  heavy 
showers  of  rain,  orcovered  with  deep  snows;  with- 
out the  operation  of  which,  a  thousand  discom- 
forts and  inconveniences  would  be  felt  in  all  the 
scenes  of  domestic  life,  and  the  operations  of  art; 
and  this  world  would  cease  to  be  an  abode  of 
happiness  and  enjoyment. 

6.  The  density  of  the  atmosphere  gives  buoy- 
ancy to  the  clouds,  and  enables  the  feathered  song- 
sters to  transport  themselves  with  ease  from  one 
part  of  the  earth  to  another.  If  the  air  near  the 
earth  were  much  rarer  than  it  is,  the  clouds  would 
sink  to  the  surface  of  the  earth,  involve  the  world 
all  a  dismal  gloom,  and  intercept  our  views  of  the 
beauties  of  the  terrestrial  landscape,  and  of  the 
glories  of  the  midnight  sky.  The  birds  would  be 
unable  to  perch  on  the  to])s  of  lofty  trees,  or  to 
wing  their  flight  from  shore  to  shore.  As  a  proof 
of  this,  Mr.  Robertson,  who  ascended  in  a  balloon 
from  St.  Petersburgh,  in  1804,  informs  us  that  he 
took  along  with  him  some  live  pigeons,  and,  at 
different  bights,  gave  liberty  to  these  birds,  who 
seemed  very  unwilling  to  accept  of  it.  The  poor 
animals  were  so  terrified  with  their  situation,  that 


they  clung  to  the  boat  of  the  balloon  until  they 
were  forced  from  it,  when  it  appeared  their  fears 
were  not  groundless;  for  their  wings  were  nearly 
useless,  from  the  rarity  of  the  air,  and  they  fell 
toward  the  earth  with  great  rapidity.  The  second 
struggled  with  eagerness  to  regain  the  balloon, 
but  in  vain;  and  the  third,  thrown  out  at  the 
greatest  elevation,  fell  toward  the  earth  like  a 
stone,  so  that  he  supposed  it  did  not  reach  the 
earth  alive.  This  was  evidently  owing  to  the 
extreme  rarity  of  the  air  in  those  upper  regiona 
to  which  the  balloon  ascended. 

7.  The  atmosphere  is  the  region  in  which  winds 
are  produced,  which  perform  many  important 
offices  in  the  economy  of  our  globe.  Winds  are 
nothing  else  than  portions  of  air  in  motion;  and 
although  they  sometimes  excite  our  fears  by  the 
violence  of  their  rage,  and  scatter  destruction  by 
sea  and  land;  yet  their  agency,  on  the  whole,  is 
highly  beneficial,  and  even  essentially  necessary 
to  mankind.  They  purify  the  air  by  keeping  it 
in  perpetual  motion;  they  disperse  the  noxious 
vapors  that  are  continually  rising  from  stagnant 
marshes  and  common  sewers;  they  sweep  the 
chambers  of  the  atmosphere;  they  ventilate  the 
streets  of  populous  cities,  and  prevent  the  accu- 
mulation of  those  noxious  effluvia  which  would 
produce  pestilence  and  death;  they  scatter  the 
seeds  of  various  plants  over  every  region;  they 
fan  the  air  under  the  scorching  heats  of  summer, 
and  diffuse  refreshment  over  a  fainting  world; 
they  make  our  millstones  revolve  as  nimbly  as  the 
wheels  of  a  chariot,  and  they  serve  as  wings  to 
our  floating  edifices,  to  impel  them  across  the 
ocean,  and  to  bring  them  back  laden  with  the 
treasures  of  distant  lands. 

Were  the  agitation  to  cease  which  the  wind  pro- 
duces, all  nature  would  be  thrown  into  the  utmost 
confusion.  Navigation  to  distant  shores,  as  hith- 
erto most  generally  conducted,  would  be  at  a 
stand,  and  ships  would  be  arrested  in  the  midst  of 
the  ocean.  The  vapors  exhaled  by  the  heat  of 
the  sun  would  remain  forever  fixed  over  those 
particular  spots  whence  they  arose,  instead  of 
being  dispersed,  as  they  now  are,  over  every  re- 
gion. One  part  of  the  world,  by  the  interposition 
of  stationary  clouds,  would  be  forever  deprived 
of  the  direct  influence  of  the  solar  rays,  and  of 
the  light  of  the  stars;  while,  in  another  part,  the 
soil  would  be  parched,  and  the  grass  burned  up, 
for  want  of  a  vail  of  clouds  to  modify  the  heat  of 
the  sun.  One  region  would  be  scorched  for  want 
of  moisture,  and  another  drenched  with  exces- 
sive rains.  The  putrid  exhalations  of  dunghills, 
marshes,  and  populous  cities,  would  remain  per- 
petually suspended  around  the  places  whence  they 
arose,  and  produce  diseases  and  pestilence,  which 
would  sweep  the  inhabitants  of  the  earth  in  rapid 
succession  to  the  grave.  But  in  the  existing 
economy  of  nature,  all  such  disastrous  effects  are 
prevented  by  the  agency  of  the  winds,  which  dis- 
tribute the  clouds  in  due  proportion  over  every 
land,  and  serve  as  ventilators  to  all  the  regions  of 
the  atmosphere. 

8.  Air  is  the  vehicle  of  smells,  by  the  trans- 
portation of  which  we  become  acquainted  with 
tlie  good  or  bad  qualities  of  the  food  which  is  set 
before  us,  and  are  warned  against  sitting  in  places 
that  are  damp  and  dangerous,  or  entering  houses 
that  are  unwholesome  or  infectious.  B)'  means 
of  the  air,  the  odoriferous  effluvia  of  plants  and 
flowers  are  diffused  over  the  fields,  and  conveyed 
to  the  nostrils,  to  increase  our  delightful  sensations, 
when  wandering  among  the  scenes  of  nature. 

9.  Air  is  likewise  the  medium  of  sounds.  la 
consequence    of    its    elasticity    and    undulating 
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motion,  it  conveys  to  us  knowledge  and  enjoy- 
ment of  different  kinds,  wliich  cannot  be  con- 
veyed to  the  organs  of  sight,  of  taste,  or  of  smell. 
A  few  strokes  on  a  large  bell  will,  In  the  course 
of  a  few  seconds,  by  the  undulation  of  the  atmo- 
sphere, reach  the  ears  of  a  hundred  thousand  men, 
and  convey  intimations  either  of  joy  or  terror. 
The  sounds  produced  by  tlie  undulations  of  the 
air  may  be  considered  as  so  many  couriers  run- 
ning backward  and  forward,  and  in  every  direc- 
tion, to  warn  us  of  danger,  or  to  inspire  us  with 
joy,  and  to  communicate  various  delightful  sen- 
sations. When  we  walk  along  the  road,  m.using, 
and  unapprehensive  of  danger,  a  mail-coach  may 
be  whirling  on  in  its  rapid  career,  and  just  at  our 
heels,  ready  to  roll  over  us;  but  the  air,  like  a 
watchful  friend,  dispatches  a  courier  from  a  con- 
siderable distance  to  warn  us  that  danger  is  ap- 
proaching, and  to  remove  to  the  path  of  safety. 
While  we  walk  along  the  streets  of  London,  and 
other  cities,  we  are  continually  in  danger  of  cabs, 
coaches,  drays,  and  other  vehicles,  rolling  upon 
us;  and  were  it  not  that  the  air,  by  its  undula- 
tions, gives  us  timely  notice  of  their  approach, 
the  accidents  from  this  cause  which  occasionally 
occur,  would  be  much  more  numerous  than  they 
now  are.  To  this  property  of  the  air,  we  owe  all 
the  advantages  we  derive  from  hearing  sermons 
and  lectures,  and  all  the  pleasures  we  enjoy  from 
friendly  and  instructive  conversation.  Bv  means 
of  the  tongue  and  the  lips  we  form  articulate 
sounds,  which,  by  the  previous  consent  of  man- 
kind, become  the  signs  of  certain  ideas;  these 
sounds  are  conveyed  to  the  ears  of  our  friends, 
and  inform  them  of  the  thoughts  and  ideas  that 
were  previously  passing  through  our  minds,  and 
their  understandings  and  hearts  become  impressed 
with  the  same  sentiments.  Without  the  minis- 
tration of  the  atmosphere  in  such  cases,  all  would 
be  sullen  and  unmeaning  listlessness  and  silence, 
as  in  the  intercourse  of  the  deaf  and  dumb.  So 
that  the  air  may  be  considered  as  the  cement  of 
society — the  medium  of  communication  between 
one  mind  and  another,  and  the  interpreter  of  the 
thoughts  and  purposes  of  mankind. 

To  the  same  cause,  we  are  indebted  for  all  the 
pleasures  and  harmonies  of  music.  Music  is  one 
o£  the  purest  and  most  refined  of  our  sensitive 
pleasures.  It  possesses  the  power  of  charming 
our  ears,  soothing  our  passions,  and  affecting  our 
hearts;  it  dissipates  the  gloom  of  melancholy, 
animates  the  vital  spirits,  and  gives  sublimity  to 
our  thoughts  and  sentiments.  When  a  lady  tunes 
her  melodious  voice,  or  touches  with  her  fingers 
the  keys  of  the  piano-forte,  or  the  strings  of  the 
lyre,  the  air  distributes  every  musical  variation 
and  every  note,  with  the  utmost  precision.  It 
conveys  its  message  with  the  greatest  impartiality 
to  the  ear  of  every  listener.  Though  many  in- 
struments may  be  employed,  and  a  thousand  per- 
sons be  pi-esent,  and  placed  in  every  direction,  it 
distributes  the  "harmony  alike  to  every  ear.  It 
keeps  the  most  exact  time — it  conveys  the  slight- 
est inflections  of  the  voice,  and  the  smallest  varia- 
tion of  a  tone.  It  runs  through  the  whole  com- 
pass of  music,  swells  the  sounds,  and  makes  them 
even  thunder  in  our  ears.  The  next  moment,  it 
makes  them  flutter  and  melt  into  dying  strains. 
After  this,  it  swells  the  notes  again,  and  sinks 
them  in  their  turns.  Thus  it  expresses,  in  the 
most  lovely  manner,  every  passion  and  emotion 
of  the  soul,  and  charms  every  heart  with  its  per- 
suasive sounds. 

That  all  the  effects  now  stated  are  owing  to  the 
ministration  of  the  atmosphere,  is  proved  by  one 
decisive  experiment.    Place  a  small  bell  under  the 


receiver  of  an  air-pump;  let  it  be  rung,  and  the 
sound  will  be  heard  at  a  considerable  distance. 
Exhaust  th6  air  from  the  receiver,  and  the  sound 
can  scarcely  be  heard  by  the  nicest  ear.  Even  in 
places  where  the  air  is  not  excluded,  but  only 
highly  rarefied,  as  in  the  higher  regions  of  the 
atmosphere,  sounds  are  scarcely  heard.  Fredli- 
chius,  a  gentleman  of  Hungary,  informs  us,  thai 
when  he  was  on  one  of  the  loftiest  tops  of  the 
Carpathian  mountains,  he  fired  a  pistol,  which  at 
first  made  no  greater  noise  than  if  he  had  only 
broken  a  stick  or  a  staff;  but  after  a  little  time 
there  was  a  murmuring  for  awhile  which  filled 
the  valleys  and  woods  below.  Descending  to  the 
lower  valleys  and  the  rugged  rocks,  he  fired  again, 
which  made  a  dreadful  sound,  as  if  great  guns 
had  been  discharged,  and  as  if  the  whole  moun- 
tain had  begun  to  tumble  about  his  ears.  The 
sound  lasted  for  half  a  quarter  of  an  hour,  until 
it  had  reached  the  most  secret  caverns,  where  the 
sound  was  enlarged'  and  reflected  back  in  every 
direction.  These  facts  show  that  the  elasticity 
of  the  air,  which  is  always  greatest  where  the  air 
is  densest,  is  essential  to  the  propagation  of  sound. 

10.  The  atmosphere  is  the  cause  of  that  splen- 
dor and  universal  light -around  us,  which  lays 
open  to  our  view  the  landscape  of  the  world. 
Were  this  atmosphere  destroj'ed,  we  might  see 
the  sun  without  enjoying  the  light  and  brilliancy 
of  day.  That  luminary  would,  indeed,  strike  our 
eyes  with  a  vivid  brightness  when  we  turned 
round  to  behold  his  flaming  orl);  but  it  would 
appear  only  as  a  blazing  fire  durinV  night  iji  a 
spacious  plain,  where  all  is  gloom  and  darkness 
around. — It  would  suddenly  burst  on  our  view  in 
the  eastern  horizon,  in  the  morning,  and  would 
not  change  its  aspect  in  the  least,  during  its  course 
through  the  heavens,  until  it  suddenly  disappearp/i 
in  the  western  sky.  The  objects  immediatelv 
around  us  would  be  partially  visible;  but  the  rays 
of  the  sun  which  fell  on  distant  objects  would  be 
forever  lost  in  the  expanse  of  the  heavens;  and 
when  we  turned  our  back  to  the  sun,  nothing 
would  present  itself,  but  an  abyss  of  darkness, 
and  the  whole  horizon  involved  in  a  dismal  gloom. 
The  number  of  objects  in  the  heavens  would,  in- 
deed, be  augmented,  for  the  stars  would  shine 
through  a  canopy  as  black  as  ebony,  even  when 
the  sun  was  above  the  horizon;  but  all  the  gay 
coloring  of  the  terrestrial  landscape,  which  now 
delights  the  eye  and  the  imagination,  would  ba 
forever  vailed  from  the  inhabitants  of  the  world. 
In  such  a  state  of  things,  it  would  be  always 
night;  and  the  difference  between  such  a  night 
and  that  which  we  now  enjoy,  would  be,  that  tiie 
celestial  orbs,  instead  of  being  grounded  on  a 
beautiful  azure  sky,  would  appear  on  a  black 
canopj',  like  so  many  white  points  on  a  dismal 
mourning  carpet. 

But  the  Almighty,  whose  arrangements  have 
all  a  respect  to  the  happiness  of  his  creatures,  has 
enveloped  our  globe  with  an  atmosphere,  and  has 
endowed  it  with  a  capacity  of  reflecting  and  re- 
fracting the  rays  of  light  in  all  directions.  This 
atmosphere,  too,  is  charged  with  innumerable 
myriads  of  watery  particles,  exhaled  by  evapora- 
tion from  every  region  of  the  sea  and  land.  In 
the  serenest  days  of  summer,  when  no  clouds 
nor  vapors  are  to  be  seen,  these  rarefied  particles 
of  water,  which  are  imperceptible  to  the  keenest 
eye,  fill  the  whole  sphere  of  the  atmosphere 
around  us,  both  above  and  below  the  region  of 
the  clouds.  It  is  among  these  rarefied  waters  in 
the  higher  regions  of  the  air  that  the  rays  of  light 
reflected  from  the  surface  of  the  land  meet,  and 
are  again  reflected  iu  every  direction  to  the  eartii; 
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Hnd  hence  is  produced  that  beautiful  azure  color 
wiiich  distinguishes  the  awpfCt  of  the  heavens. 
This  azure  in  sometimes  hgliter,  according  to  tlie 
quantity  of  tiie  rays  which  enter  the  atmospliere, 
and  sometimes  darker,  when  the  absence  of  the 
twiliglit  hightens  tlie  blue  of  the  celestial  concave, 
by  means  of  that  black  and  void  space  which 
lies  beyond  the  limits  of  the  atmosphere.  In  cor- 
roboration of  these  remarks,  it  may  be  noticed, 
that  the  higher  we  ascend  above  the  surface  of 
the  earth,  the  darker  does  the  sky  appear.  And 
hence  all  travelers  affirm,  that,  on  the  tops  of 
lofty  mountains,  it  sometimes  appears  as  black  as 
ebony,  which  causes  the  Milky  Way  to  appear 
like  a  pure  flame  shot  across  the  heavens,  and 
the  stars  to  shine  with  a  greater  brightness,  and  to 
appear  far  more  numerous  than  in  the  plains  below. 

II.  The  atmosphere  is  the  cause  of  the  morn- 
ing and  evening  twilight.  We  all  know  that  the 
day  is  gradually  ushered  in  after  the  darkness  of 
the  night.  More  than  an  hour  before  the  rising 
of  the  sun,  in  this  part  of  the  world,  a  streak  of 
light  appears  in  the  eastern  horizon.  This  light 
increases  in  brilliancy  every  moment — the  land- 
scape of  the  earth,  which  had  been  previously 
covered  with  a  mantle  of  blackness,  appears 
gradually  to  emerge  from  an  abyss  of  darkness, 
like  the  light  at  the  first  creation — the  circle  of 
the  horizon  becomes  inflamed  with  a  bright  ver- 
milion— the  mountain  tops  are  tinged  with  pur- 
ple; and  at  length  appears  the  most  beautiful  and 
eublime  object  in  nature,  the  sun  rising  in  his 
might  and  glory.  And,  when  this  luminary  has 
described  the  circuit  of  the  heavens,  and  passed 
the  verge  of  the  western  horizon,  darkness  does 
not  come  on  instantaneously,  but  by  slow  and 
imperceptible  degrees,  so  as  to  warn  us  to  pre- 
pare for  its  approach.  The  season  of  twilight, 
particularly  that  of  a  summer  evening,  is  perhaps 
one  of  the  most  agreeable  and  interesting  periods 
of  the  day.  How  many  delightful  walks  and  ex- 
cursions— how  many  cheerful  and  solemn  musings 
— how  many  endearing  intercourses  of  love  and 
friendship  does  it  recall  to  our  recollection,  when 
we  strolled  along  the  solitary  walks,  or  reclined 
in  the  bower  of  friendship,  until  the  rising  moon 
and  the  twinkling  stars  called  us  to  our  nightly 
repose ! 

Now,  all  such  pleasures  and  advantages,  de- 
rived from  the  twilight,  are  owing  to  the  agency 
of  the  atmosphere.  When  the  sun  approaches 
in  the  morning  within  eighteen  degrees  of  the 
horizon,  his  rays  strike  obliquely  on  the  higher 
parts  of  the  atmosphere,  and,  instead  of  passing 
directly  forward,  they  are  refracted,  or  bent  a 
little  downward,  and  thus  descend  by  inflection 
to  the  earth.  In  this  way  we  reap  the  benefit 
of  those  rays  which  would  otherwise  have  been 
totally  lost,  and  enjoy  the  light  of  day  for  a  con- 
Biderable  time  before  the  sun  reaches  the  horizon. 
It  is  owing  to  the  same  cause  that  the  sun  is 
visible  several  minutes  before  he  is  actually  above 
the  horizon  in  the  morning,  and  after  his  setting 
in  the  evening.  This  increases  the  length  of 
every  day,  about  6i.j  minutes  at  an  average, 
which  amounts  to  3)o  equinoctial  days  in  a  year, 
and  nearly  a  whole  year's  sunshine  in  the  course 
of  a  century.  And,  if  we  reckon  an  hour  and 
a  half  of  twilight  in  the  morning  and  as  much 
in  the  evening,  at  an  average,  through  the  dif- 
ferent seasons,  we  have  more  than  ninety  equi- 
noctial days  of  twilight  throughout  the  year. 
This  is  a  circumstance  of  the  utmost  import- 
ance to  those  who  inhabit  the  polar  regions;  in 
consequence  of  which,  the  inhabitants  of  Nova 
Zembla  and  of  Greenland  enjoy  the  direct  light 


of  the  sun  for  thirty-two  days  while  he  is  un- 
der the  horizon,  beside  the  long  twilight  which 
precede.s  liis  rising,  and  continues  after  his  de- 
scent below  the  horizon.  But  what  would  be 
the  consequences  if  we  had  no  twilight?  Not 
only  should  we  be  deprived  of  the  advantages 
now  stated,  but  subjected  to  many  inconveni- 
ences and  dangers.  Should  the  day  break  in  upon 
us  all  at  once  in  meridian  brightness,  imniediately 
after  the  dark  shades  of  night,  our  eyes  would  be 
dazzled,  and  in  danger  of  being  blinded  by  its  ex- 
cessive splendor.  Should  the  night  rush  on  ia 
the  same  precipitate  manner,  and  liurry  us  in  a 
moment  from  the  splendors  of  the  day  to  the 
horrors  of  midnight,  it  would  strike  the  living 
world  with  amazement.  The  traveler  would  be 
arrested  in  the  midst  of  his  journey,  and  bewilder- 
ed with  terror;  and  if  the  sky  were  then  covered 
with  clouds,  the  darkness  would  be  so  thick  and 
black,  that  not  the  least  glimmering  ray  would 
strike  across  the  universal  gloom  nor  a  single 
object  be  perceived,  even  within  the  distance  of 
a  foot.  Man  would  then  appear  as  if  he  were 
placed  without  an  object  near  him  in  the  midst  of 
infinite  space — 

"  Dark  as  was  chaos,  ere  the  infant  sun 

Was  rolled  together,  or  had  tried  his  beams 
Athwart  the  gloom  prolbund." 

These  arrangements,  then,  by  which  light  is  re- 
flected over  the  face  of  nature,  and  twilight  i? 
produced,  evidently  show  the  wisdom  and  intelli- 
gence of  tlie  Almighty  Creator,  and  his  benevo- 
lent regards  to  his  sensitive  and  intelligent  off- 
spring. A  few  small  bubbles  of  air  and  water 
appear  very  insignificant  to  the  eye  of  man.  But 
in  the  hand  of  the  Almighty  they  work  wonders 
of  love  and  beneficence.  He  has  distributed 
them  over  our  heads  in  every  direction  with  so 
much  caution  and  skill,  in  order  that  tlie  light  of 
his  sun  and  his  stars  might  not  be  rendered  use- 
less to  the  world.  With  these  invisible  particles 
of  water  and  air,  he  enriches  and  embellishes 
whatever  he  pleases;  and  in  his  hands  they  become 
an  ine.xhaustible  source  of  glory  and  happiness. 
From  these  insignificant  atoms,  he  fetches  the 
brightness  of  the  aurora,  and  draws  forth  those 
twilights  which  lengthen  our  days,  and  prepare 
our  eyes  for  receiving  the  brightness  of  the  me- 
ridian sun.  From  these  he  produces  the  splendor 
of  day,  which  the  sun  itself  could  never  procure 
us.  He  makes  them  contribute  to  the  preserva- 
tion of  that  heat  which  nourishes  the  vegetable 
kingdom,  and  which  is  essential  to  the  comfort  of 
"  everything  that  lives."  Of  them  he  has  formed 
that  magnificent  arch  whicli  surrounds  us  on  all 
sides,  which  enchants  the  eye  of  every  beholder, 
and  forms  the  canopy  of  our  terrestrial  habita- 
tion; for  it  is  the  light  reflected  from  the  air,  and 
the  innumerable  particles  of  vapor  it  contains, 
which  produces  that  beautiful  azure  which  adorns 
the  vault  of  heaven.  This  azure  canopy  the 
Creator  might  have  painted  with  a  darker  hue, 
or  even  made  it  entirely  black.  But  black  is  a 
sad  and  dismal  color,  which  would  have  thrown 
a  melancholy  gloom  over  the  face  of  nature.  A 
deep  red  would  have  been  almost  as  disagreeable 
and  hurtful  to  the  sight;  a  white  color,  by  its  ex- 
cessive glare,  would  have  been  oppressive  to  every 
eye,  and  vi^ould  have  prevented  the  light  of  the 
planets  and  stars  from  being  distinguished.  A  yel- 
low would  not  have  been  quite  so  unsuitable;  but 
this  color  was  reserved  for  the  aurora  which  adorns 
the  sky  before  the  rising  of  the  sun.  Beside,  a 
whole  arch  of  a  yellow  color  would  not  have 
presented  a  suflicieut  contrast  to  the  light  of  th» 
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Celestial  luminaries.  The  green,  which  is  a  pleas- 
ing color  to  the  eye,  would  have  lonned  a  betler 
ground  for  the  light  of  the  stars;  but  it  is  with 
this  lovely  color  that  the  Almigiity  has  adorned 
the  surface  of  our  earthly  abode,  and  has  spread 
It  as  a  carpet  under  our  feet;  and  it  was  necessary 
that  there  should  be  a  contrast  between  the  color 
of  the  earth  and  of  the  sky,  in  order  to  complete 
the  beauty  and  the  inagniticence  of  the  scene  of 
nature.  The  blue  is,  on  the  whole,  a  mild  and 
pleasant  color,  without  gloom  or  sadness  in  it; 
and  while  it  forms  a  contrast  to  the  verdure  of 
the  fields,  it  has  the  additional  merit  of  forming 
a  proper  ground  on  which  luminous  bodies  may 
be  seen,  and  tlms  highlens  the  luster  and  beauty 
of  the  stars. 

In  such  admirable  arrangements  we  cannot  fail 
to  perceive  the  marks  of  intelligence  and  skill,  in 
causing  the  assemblage  of  invisible  atoms  to  pro- 
duce so  many  sublime  and  beneficent  effects;  and 
we  must  be  void  of  gratitude,  if  we  do  not  recog- 
nize the  hand  of  Divine  goodness  in  adorning  our 
habitation  with  so  many  beautiful  contrasts,  and 
rendering  every  scene  of  nature  subservient  to 
our  convenience  and  delight. 

12.  The  transparency  of  the  atmosphere  is  not 
the  least  of  its  advantages.  It  is  not,  indeed, 
perfectly  transparent,  otherwise  it  would  not  re- 
flect the  blue  color  of  the  sky,  nor  would  the 
distant  mountains  appear  bedimmed  and  tinged 
with  purple.  But  it  has  such  a  degree  of  trans- 
parency, that  every  object  on  the  terrestrial  land- 
scape, within  a  reasonable  distance,  can  be  dis- 
tinctly perceived.  Even  objects  at  the  distance 
of  a  hundred  and  fifly  miles,  are  visible  through 
the  air;  and  the  telescope,  though  it  magnifies 
the  aerial  particles,  can  make  objects,  at  the  dis- 
tance of  twenty  miles,  appear  as  if  they  were 
placed  at  the  distance  of  three  hundred  yards. 
Were  the  air  tinged  with  the  least  degree  of  yel- 
low, red,  or  green,  it  would  give  the  same  color 
to  every  other  object,  just  us  a  stained  glass 
makes  every  object  seen  through  it  appear  of  the 
same  color  as  itself.  Were  its  particles  much 
larger,  and  more  opaque  than  they  now  are,  so 
as  to  become  perceptible  to  the  eye,  we  should 
never  obtain  a  distinct  view  of  any  other  object. 
We  should  then  see  the  air  and  the  exhalations 
rising  from  the  surface  of  the  earth  continually 
before  us,  like  the  particles  of  dust  in  a  darkened 
chamber,  when  the  rays  of  the  sun  are  admitted 
through  a  small  hole. 

But  the  Almighty,  by  rendering  the  air  invisi- 
ble, has  enabled  us,  in  the  first  place,  to  take  an 
extensive  and  delightful  view  of  his  wonderful 
"peiations  in  heaven  and  earth,  and  of  all  the  ob- 
jects which  immediately  surround  us — and,  in  the 
next  place,  has  concealed  from  our  eyes  those  ob- 
jects which  would  have  excited  disagreeable  sen- 
sations and  even  disgust.  If  the  air,  like  all  other 
bodies,  were  an  object  of  sight,  the  exhalations 
from  the  earth  and  waters  would  be  much  more 
easily  discovered.  The  smoke  of  our  chimneys 
etill  remaining  visible  as  it  ascended,  would  disfi- 
gure the  rich  landscape  of  the  world  and  obscure 
the  canopy  of  heaven.  We  should  perceive  all 
those  gross  humors  which  an  incessant  perspira- 
tion drives  out  of  the  bodies  of  all  animals,  and  all 
the  filthy  exhalations  that  rise  from  kitchens, 
dunghills,  stagnant  marshes,  streets,  and  common 
sewers.  We  should  be  apt  to  imagine  our  situa- 
tion both  unsafe  and  contagious,  unless  we  fled 
into  deserts  and  mountains,  to  avoid  those  inces- 
sant annoyances  which  would  be  the  unavoidable 
result  of  such  a  visibility  of  the  air  audits  exbala- 
tiflus.     At  the  same  time,  lest  these  vapors  should 


prove  injurious  to  us  through  their  invisibilty,  the 
good  providence  of  God  iias  forewarned  us  of 
such  danger,  by  imparting  to  us  llie  sense  of  smell, 
and  has  also  appointed  the  winds  to  disperse  such 
nuisa-nces,  to  carry  them  alot't,  and  to  serve  as  the 
ventilator  of  the  atmosphere;  for  by  the  sense  of 
smell,  we  are  enabled  to  perceive  when  we  are 
within  the  range  of  pestilential  effluvia;  and  llie 
winds  seldom  permit  the  air  to  remain  in  a  stag- 
nant state,  provided  our  habitations  are  so  arrang- 
ed as  to  be  within  the  sphere  of  tlieir  influence. 

If  we  wish  to  feel  grateful  to  the  Supr  -m;'  Dis- 
poser of  the  universe  lor  the  blessings  of  that 
world  in  which  he  has  placed  us,  it  is  reqLiisiie  that 
we  should  frequently  fix  our  attention  on  such 
circumstances  as  those  now  stated.  We  pass  from 
one  day  to  another,  and  frequently  from  one  pe- 
riod of  human  life  to  another,  without  reflecting 
on  those  admirable  contrivances  which  appear  iu 
every  surrounding  object,  by  which  our  comforts 
are  secured,  and  the  universe  rendered  a  spectacle 
of  beauty  and  grandeur.  Because  we  have  neve*" 
yet  contemplated  a  world  in  confusion  and  ruins, 
we  are  apt  to  imagine  that  the  arrangements 
around  us  could  not  be  otherwise  than  tliey  pre- 
sently are.  But,  were  that  Being  who  created 
the  atmosphere  to  make  only  a  very  slight  altera- 
tion in  its  constitution — were  he  just  to  alter  two 
apparently  insignificant  circumstances — were  he 
to  deprive  it  of  its  refractive  and  reflective  powers 
— and  were  he  to  render  it  visible  by  tinging  it 
with  any  color,  all  other  things  remaining  as 
■they  now  are — immediately  the  scene  of  nature 
would  be  divested  of  all  its  beauty  and  magnifi- 
cence— and  this  earth  which  now  cheers  so  many 
millions  of  animated  beings  with  its  comforts  and 
embellishments,  would  be  transformed  into  a  scene 
of  misery,  an  abode  of  darkness  and  desolation. 

1.3.  Were  the  atmosphere  capable  of  being 
frozen,  or  congealed  into  a  solid  body,  the  most 
disastrous  consequences  would  immediately  ensue. 
All  other  fluids  with  which  we  are  acquainted  are 
subject  to  congelation.  Even  spirits  of  wine, 
which  long  resist  the  influence  of  the  cold,  and 
are,  therefore,  used  in  our  thermometers,  have 
been  converted  into  a  solid  mass,  by  the  cold  of 
northern  regions;  and  quicksilver,  which  is  natu- 
rlly  a  fluid  substance,  has  l)een  converted  by  cold 
into  a  compact  body,  capable  of  being  hammered 
like  a  piece  of  lead.  Nay,  even  some  of  the  gases, 
or  aerial  fluids,  show  a  disposition  to  congeal  by  a 
reduction  of  temperature.  The  oxygenized  inu- 
riatic  acid  gas  becomes  concrete,  and  forms  into 
crystals,  at  a  temperature  of  near  to  that  at  which 
water  freezes.  All  the  gaseous  substances,  when 
they  have  lost  their  elasticity,  by  forming  certain 
combinations,  are  disposed  to  assume  the  solid  state 
if  the  temperature  allow  it.  Ammoniacal  gas,  and 
carbonic  acid  gas  become  solid,  as  soon  as  they 
enter  into  combination;  and  hydrogen  gas,  the 
most  subtile  of  the  ponderable  elastic  fluids,  forms, 
along  with  oxygen,  that  very  water  which  is  af- 
terward congealed  into  ice.  What  is  the  reason, 
then,  that  the  atmospheric  air  which  we  every  mo- 
ment breathe,  is  not  subject  to  congelation?  We 
know  no  other  reason  than  the  will  of  the  Crea- 
tor. Were  we  thoroughly  acquainted  with  every 
particular  respecting  the  nature  of  the  gases  of 
which  it  is  composed,  and  the  mode  of  their  com- 
bination, we  might,  perhaps,  discover  the  physical 
cause  of  this  singular  property;  but  still  we  should 
ultimately  have  to  refer  it  to  the  Divine  purpose 
and  will  that  such  a  cause  existed.  We  know- 
that  tlie  vapors  which  are  suspended  in  the  higher 
regions  of  the  atmosphere,  are  frequently  congeal- 
ed into  hailstones  of  considerable  size,  and  were 
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any  large  portions  of  the  fiir  around  us  to  be  con- 
gealed ill  a  similar  manner,  it  is  easy  to  foresee  wiiat 
disastrous  effects  would  quickly  be  produced;  and 
were  the  whole  atmosphere  to  be  frozen  into  a 
solid  body,  destructiou  would  inevitably  seize 
upon  all  tlie  tribes  of  the  living  world,  and  the 
beautiful  face  of  nature  we  now  behold,  would  be 
transformed  into  a  chaos. 

Such  is  the  intimate  connection  that  subsists 
between  every  part  of  the  system  of  nature,  and 
such  is  the  exquisite  mechanism  with  which  all 
its  parts  are  constructed  and  arranged,  that  if  a 
single  wheel  or  pinion  of  this  vast  machine  were 
either  wanting  or  deranged,  the  whole  system 
would  soon  be  dissolved  and  fall  into  ruins.  But 
that  Ahnighty  Being  who  sits  on  the  throne  of 
the  universe,  presides  over  all  its  subordinate  move- 
ments, preserves  every  element  in  its  respective 
station,  and  directs  the  apparently  jarring  princi- 
ples of  nature  to  accomplish  his  wise  and  bene- 
volent designs. 

In  fine,  we  may  just  farther  remark,  that  man 
has  acquired  a  certain  degree  of  sovereignty  over 
the  atmosphere,  by  which  he  renders  it  subservi- 
ent to  his  comforts,  and  to  the  execution  of  his 
designs.  He  causes  it  to  sigh  in  the  pipe,  to  com- 
plain in  the  flute,  to  thunder  in  the  trumf)et  and 
the  gong,  and  to  utter  a  thousand  melodious  strains 
in  the  piano-forte  and  the  organ.  He  causes  it  to 
announce  tidings  of  joy  or  sorrow.  He  forces  it 
to  grind  his  corn,  to  blow  his  furnace,  to  winnow 
his  grain,  to  raise  water  from  the  deepest  pits,  and 
to  extinguish  the  flames  when  his  buildings  are 
on  fire.  He  compels  it  to  act  as  a  prime  mover 
in  an  endless  variety  of  machinery,  and  by  its 
agency,  in  combination  with  other  pov.'ers,  ten 
thousands  of  wheels  and  pinions  are  daily  set  in 
motion — power  looms  are  weaving  fabrics  of  va- 
rious descriptions — spinning-jennies  are  set  in 
action,  steam  vessels  impelled  along  rivers,  and 
across  oceans — and  railway  trains  carried  forward 
in  every  direction  with  the  most  rapid  motions. 
He  yokes  it  to  his  ships,  and  compels  it  to  expand 
the  sails,  and  to  waft  him  across  the  billows  of  the 
ocean  to  the  remotest  shores.  And,  in  short,  it  is 
on  the  wings  of  the  atmosphere  that  he  raises  him- 
self, v.'itii  his  balloons,  above  the  mountain-tops, 
looks  down  from  on  high  on  the  dusky  earth,  and 
ranges  at  large  through  the  region  of  the  clouds. 
Thus,  a  few  of  the  beneficial  effects  produced 
by.  the  atmosphere  in  the  system  of  nature  have 
been  briefly  stated.  Its  influence  is  essential  to 
the  germination  and  growth  of  plants,  to  the  pre- 
servation of  water  in  a  state  of  fluidity,  to  the 
existence  of  fire  and  flame,  to  the  respiration  of 
all  kinds  of  animals,  to  the  process  of  evaporation, 
and  the  production  of  rain  and  dew;  to  support 
the  clouds  and  to  give  buoyancy  to  the  feathered 
tribes.  It  is  the  region  of  winds — the  vehicle  of 
smells — the  medium  of  sounds,  and  the  source  of 
all  the  pleasures  we  derive  from  the  harmonies  of 
music;  it  is  the  cause  of  that  universal  light  and 
splendor  which  are  diffused  around  us,  and  of  the 
advantages  we  derive  from  the  morning  and  even- 
ing twilight;  and  all  these  advantages  are  more 
fully  secured  by  the  transparency  of  its  particles, 
and  by  its  being  rendered  incapable  of  being  con- 
gealed into  a  solid  body. 

What,  then,  would  be  the  consequences  were 
the  earth  to  be  divested  of  its  atmosphere?  Were 
the  band  of  Omnipotence  to  detach  this  body  of 
air  from  our  globe,  and  could  we  suppose  living 
beings  at  the  same  time  to  exist,  the  landscape  of 
the  earth  would  be  disrobed  of  all  its  vegetable 
beauties,  and  not  a  plant  nor  flower  would  be 
Been  over  the  whole  face  of   nature;  the  springs 


and  rivers  would  cease  to  flow,  even  the  waters  of 
the  mighty  deep  vvould  be  dried  up,  and  its  low- 
est caverns  be  exposed  to  view,  like  frightful  and 
hideous  deserts.  No  fire  nor  heat  would  cheer 
the  abodes  cf  man,  either  by  day  or  by  night,  no 
ruins  nor  dews  would  refresh  the  fields,  no  gentle 
zephyrs  would  blow,  nor  aromatic  perfumes  be 
wafted  from  blooming  flowers.  The  birds  would 
no  longer  wing  their  flight  on  high,  nor  would 
their  warblings  be  heard  among  the  groves.  No 
sound  whatever  would  be  heard  throughout  the 
whole  expanse  of  nature,  universal  silence  would 
reign  undisturbed  over  the  world,  and  the  delights 
of  music  be  forever  unknown.  The  morning 
would  no  longer  be  ushered  in  by  the  dawn,  nor 
the  day  protracted  by  the  evening  twilight.  All 
would  be  gloom  and  obscurity  by  day  except  in 
that  quarter  of  the  heavens  where  the  sun  ap- 
peared, and  no  artificial  light  nor  flame  could  be 
procured  to  cheer  the  darkness  of  the  night.  The 
whoje  surface  of  the  globe  would  present  one 
wide  prospect  of  barrenness  and  desolation,  with- 
out a  single  object  of  beauty  to  relieve  the  hor- 
rors of  the  scene;  and  this  earth,  which  now  pre- 
sents to  the  beholder  so  many  objects  of  subli- 
mity and  beauty,  would  appear  as  if  it  had  sunk 
into  the  primitive  chaos  whence  it  arose.  But, 
as  we  are  certain  that,  according  to  the  present 
economy  of  the  animal  system,  no  living  creatures 
could  exist  in  such  a  state  of  things,  it  would  be 
an  inevitable  consequence  of  the  annihilation  of 
the  atmosphere,  that  all  the  myriads  of  living  be- 
ings which  now  people  the  waters  and  the  earth, 
would  sink  into  remediless  destruction,  and  the 
great  globe  we  inhabit  be  transformed  into  one 
immense  sepulcher,  without  enjoyment,  motion, 
or  life. 

If,  therefore,  the  Creator  had  not  a  regard  to  the 
happiness  of  his  sensitive  and  intelligent  offspring 
— or,  if  he  wished  to  transform  this  globe  into  an 
abode  of  darkness  and  a  scene  of  misery,  he  has 
only  to  support  the  functions  of  animal  life  on  a 
new  principle,  and  then  to  sweep  from  the  earth 
the  atmosphere  with  which  it  is  now  environed, 
and  the  dismal  catastrophe  is  at  once  accomplish- 
ed.    Such  a  consideration  shows  us  the  propriety 
and  the  emphasis  of  the  language  of  Inspiration, 
In  Him  we  live,  and  move, and  have  our  being" 
■ — "  In  his  hand  is  the  soul  of  every  living  thing, 
and  the  breath  of  all  mankind."     But  since  we 
are  assured  that  "the  Lord  is  good  to  all:  and  his 
tender  mercies  are  over  all  his  works,"  and  as  we 
find  no  arrangement  in  the  system  of  the  universe 
whose  ultimate  object  is  to  produce  pain  or  misery 
to  any  sensitive  being;  we  have  no  fear  that  such 
a  catastrophe  will  ever  be  permitted  to  take  place. 
At  the  same  timej^'we  know  not  what   the   great 
ends  of  his  moral   government  may  incline  the 
Deity  to  perform.     We  know  that,  at  one  period, 
the  system   of   nature  connected  with  this  globe 
was  disarranged  on  account  of  the  wickedness  of 
its  inhabitants,  and  a  deluge  of  waters  overwhelm- 
ed   all    the    abodes    of    men.       This    catastrophe 
changed  the  aspect  of  the  earth  and  atmosphere, 
and  produced  convulsions  which  shook  the  foun- 
dations of  the  earth,  and  disrupted  its  solid  strata; 
the  vestiges  of  which  are  still  visible  in  evory  land, 
and  form  some  of  the  subjects  of  scientific  inves- 
tigation.    And,  therefore,  were  the  inhabitants  of 
the  world  ever  again  to  rise  to  the  same  pitch  of 
wickedness  as  they  did  before  the  flood,  we  know 
not  but  the  Almighty,  instead   of  covering  tha 
earth  with  an  abyss  of  water,  might  detach  from 
it  the  surrounding  atmosphere,  and  leave  its  inha- 
bitants to  the  effect  of  such  an  awful  catastrophe 
We  learn  from  Revelation,  that  a  period  is  ap- 
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preaching,  "when  the  elements  shall  melt  with 
fervent  heat,  the  earth  also,  and  the  works  that  are 
therein  shall  be  burned  up."  In  the  hand  of  Him 
who  sits  on  the  throne  of  the  universe,  the  atmo- 
sphere is  fitted  to  become  the  raeans  of  producing 
tliis  trementious  event.  Tlie  atmosphere,  as  for- 
merly stated,  consists  chiefly  of  two  fluids,  or 
gases,  of  very  opposite  qualities;  one  of  these, 
namely  oxygen  gas,  is  the  principle  of  combus- 
tion, and  forms  about  one-fifth  part  of  atmosphe- 
ric air;  the  other,  namely  "nitrogen,  instantly  ex- 
tinguishes every  species  of  fire  or  flame.  Were 
the  nitrogen,  then,  which  forms  four-fifths  of  the 


atmosphere,  to  be  swept  away,  and  the  oxygen  left 
to  exert  its  native  energies,  all  the  combustible 
substances  on  the  face  of  the  earth  would  instantly 
take  fire,  nay,  flie  hardest  stones,  the  most  solid 
rocks,  and  even  water  itself,  would  blaze  under 
its  force  with  such  energy  as  to  carry  destruction 
throughout  the  expanse  of  nature.  Such  are  the 
elementary  principles  in  the  hand  and  under  the 
superintendence  of  the  Almighty,  which  are  ready 
at  his  command  to  bring  into  effect  all  the  events, 
changes,  and  revolutions,  in  relation  to  our  world, 
which  are  predicted  in  the  word  of  Divine  Reve- 
lation. 


CHAPTER   VIII. 

THE  WISDOM  AND  BENEVOLENCE  OF  THE   CREATOR,  AS   DISPLAYED  IN  THE 
CONSTITUTION  OF  THE  ATMOSPHERE. 


As  tliis  topic  has  been  partially  alluded  to  in 
ftie  preceding  chapter,  only  two  or  three  additional 
illustrations  may  now  be  given. 

1.  The  wisdom  and  goodness  of  God  are  mani- 
fest in  the  proportion  whicli  subsists  between  the 
different  gases  of  which  the  atmosphere  is  com- 
posed. Were  the  oxygen  less  in  quantity  than  it 
now  is — were  it,  for  example,  in  the  proportion  of 
fifteen  to  eighty-five,  in  a  hundred  parts  of  nitro- 
gen, instead  of  twenty-one  to  seventy-nine,  fire 
would  lose  its  strength,  candles  would  not  diffuse 
a  sufficient  light,  plants  would  wither,  and  animals 
could  not  breathe  without  the  utmost  difficulty  and 
pain.  On  the  other  hand,  were  the  nitrogen  di- 
minished and  the  oxygen  greatly  increased,  the 
least  spark  would  set  combustible  bodies  in  a  flame, 
and,  in  a  few  moments,  they  would  be  entirely 
consumed.  Candles  would  be  wasted  in  a  few 
minutes  after  they  were  lighted,  and  would  serve 
no  other  purpose  than  to  dazzle  our  eyes  with  a 
transient  blaze.  Were  a  few  houses  in  a  large  city 
set  on  fire  such  would  be  the  rapidity  with  which 
the  flames  would  spread  on  every  side,  tliat  in  a 
few  hours,  or  even  minutes,  the  whole  city  would 
be  wrapt  in  one  wide  and  unquenchable  blaze, 
and  no  human  art  could  arrest  the  progress  of 
the  destructive  conflagration.  In  such  atmosphe- 
ric air,  iron  vvould  be  calcined,  instead  of  acquir- 
ing from  the  fire  that  softness  necessary  for  form- 
ing it  into  various  instruments;  it  would  accele- 
rate to  a  dangerous  degree  the  circulation  of  the 
fluids  m  animal  bodies,  and  produce  a  degree  of 
heat  through  the  influence  of  which  they  would 
rapidly  waste  and  decay.  We  know  by  experience 
that  nitric  oxyde,  which  consists  of  forty-four 
parts  of  nitrogen  and  fifty-six  of  oxygen,  produces 
instant  suffocation  in  all  animals  that  attempt  to 
breathe  it.  We  also  know  that  the  nitric  acid,  one 
of  the  most  corrosive  substances,  is  composed  of 
seventy  five  parts  oxygen  and  twenty-five  parts 
nitrogen,  which  are  only  different  proportions 
of  the  substances  in  atmospheric  air ;  so  that 
were  the  atmosphere  composed  of  the  same  pro- 
portion of  ingredients,  our  breathing  it  might  pro- 
duce the  same  effect  as  if  we  were  to  swallow  a 
pint  of  aquafortis,  or  nitrous  acid,  which  we  all 
know  would  produce  our  immediate  destruction. 
Can  we,  then,  be  at  a  loss  to  perceive,  in  the  ad- 
justment of  the  gases  which  compose  our  atrno- 
ephere,  the  wisdom  and  benevolence  of  the  Deity; 


and,  at  the  same  time,  the  infinite  comprehension 
of  the  Divine  Mind,  in  foreseeing  all  the  effects 
that  would  be  produced  by  the  different  combina- 
tions of  these  gases,  and  in  selecting  that  particu- 
lar combination  for  the  atmosphere  wliicli  is  pre- 
cisely adapted  to  the  existence  and  the  comfort  of 
living  beings  ? 

2.  The  Divine  wisdom  and  goodness  are  no  less 
conspicuous  in  determining  the  relative  specific 
gravity  of  these  gases.  The  oxygen  gas  is  found 
to  be  a  little  heavier  than  common  air,  and  the 
nitrogen  a  little  lighter,  which  enables  it  to  rise  to 
the  higher  regions  of  the  atmosphere.  In  respi- 
ration (or  breathing)  there  are  four  stages  or  pe- 
riods:— 1.  Inspiration,  or  drawing  in  the  air. — 2. 
A  pause  when  the  lungs  are  filled. — 3.  Expiration, 
or  breathing  out  the  air  from  the  lungs; — and  4. 
A  pause  when  the  lungs  are  emptied.  In  breath- 
ing, the  air  which  is  evolved  from  the  lungs  at 
every  expiration,  consists  chiefly  of  nitrogen  (and 
a  small  portion  of  carbonic-acid  gas),  which  is 
entirely  unfit  to  be  breathed  again,  and  therefore, 
by  its  levity,  rises  above  our  heads  before  the  next 
i  inspiration.  Tlie  pause  which  takes  place  between 
every  inspiration  is  evidently  intended  to  allow 
time  for  the  nitrogen  gas  which  is  thrown  out  of 
the  lungs  to  rise  in  the  air,  in  order  that  a  fresh 
portion  of  the  atmosphere  may  be  taken  in,  and 
that  the  same  air  may  not  he  breathed  again. 
During  that  remarkable  interval,  there  i:<  time  left 
for  the  noxious  fluids  to  separate,  the  nitrogen  to 
ascend  while  the  carbonic-acid  gas  preponderates, 
leaving  a  space  between  for  a  fresh  current  of 
pure  atmosplieric  air  to  rush  into  the  lungs.  But 
what  would  be  the  consequence  if  nitrogen  ga.s, 
instead  of  being  a  little  lighter,  liad  been  a  slight 
degree  heavier  than  common  air,  or  of  the  sanje 
specific  gravity  ?  Then  we  .should  not  only  have 
been  obliged  to  breathe  a  portion  of  it  again  at 
every  inspiration,  but  the  vast  quantity  of  it 
thrown  off  by  the  respiration  of  men  and  other 
animals  would  have  perpetually  occupied  the 
lower  regions  of  the  atmosphere;  and  especially 
in  our  chambers  it  would  have  accumulated  to 
such  a  degree  as  to  have  produced  aiseases,  pesti- 
lence and  death,  in  rapid  succession.  But,  being 
a  little  lighter  than  the  surrounding  atmosphere, 
it  flies  upward,  and  we  never  breathe  it  again 
until  it  has  entered  into  new  and  salutary  combi- 
nations.   Such  is  the  benevolent  skill  wliich  the 
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great  Author  of  nature  has  displayed  for  the  pre- 
servation and  comfort  of  the  human  family  and 
of  every  species  of  animated  existence. 

3.  'I'iie  wisdom  of  tiie  Creator  is  displayed  in 
the  process  for  supplying:  the  waste  of  oxygen, 
and  promoting  the  renovation  of  the  atmosphere. 
The  <|uanlity  of  carbonic-acid  which  is  daily 
formeu,  by  combustion  and  the  respiration  of  ani- 
mals, is  so  gieat,  that  it  must  have  rapidly  in- 
creased to  a  most  dangerous  extent,  had  not  the 
Ahiiighty  provided  means  for  its  being-  as  rapidly 
decomposed.  It  is  well  known  that  whenever 
atmospheric  air  becomes  charged  with  one-tenth 
of  tliis  gas,  it  is  unfit  for  promoting  combustion, 
and  is  fatal  to  most  animals  that  breathe  it.  Hy- 
drogen too,  and  carbureted  hydrogen  gas,  are 
perpetually  evolved  at  the  surface  of  the  earth 
from  various  sources,  particularly  from  marshes, 
dunghills,  and  stagnant  pools;  and  these  are  like- 
wise prejudicial,  and  even  destructive,  to  the  ani- 
mal creation.  On  the  other  hand,  oxygen  gas, 
which  is  the  support  of  fire  and  animal  life,  is 
continually  wasted  by  the  various  processes  of 
combustion,  as  in  the  case  of  furnaces,  burning 
candles,  and  domestic  fires,  and  by  the  breathing 
of  all  animals.  How,  then,  has  the  Allwise  Crea- 
tor contrived  to  supply  this  waste,  and  to  protect 
the  inhabitants  of  the  world  from  the  baneful 
effects  of  the  other  gases  with  which  the  atmo- 
sphere is  contaminated  ?  The  process  appears  to 
be  this': — Vegetables  are  so  constituted  that  car- 
bon and  hydrogen  are  the  necessary  food  of  plants, 
and  are  conducive  to  the  support  of  vegetable  life. 
Their  vegetating  organs  seize  the  carbonic-acid 
gas  that  comes  within  their  reach,  and  while  they 
appropriate  the  carbon  to  themselves,  the  oxygen 
is  thrown  off"  to  renovate  the  atmosphere,  by  its 
union  with  the  nitrogen  ejected  by  animal  respi- 
ration. The  leaves  of  trees,  shrubs,  and  other 
vegetables,  give  out,  during  the  day,  a  large  por- 
tion of  oxygen  gas,  which  unites  with  the  sur- 
rounding air,  keeps  up  tiie  equilibrium  of  the 
gases,  and  preserves  the  salubrity  of  the  atmo- 
sphere; for  it  is  found  by  experience  that  the  air 
in  every  region,  in  the  most  crowded  cities,  as 
well  as  in  the  open  fields,  contains  the  same  quan- 
tity of  oxygen  gas.  Thus  it  appears,  that  what 
is  noxious  to  man  is  rendered  beneficial  to  the 
vegetable  tribes,  and  the  oxygen,  of  which  they 
do  not  stand  in  need,  is  separated  by  them,  in  its 
utmost  purity,  for  the  use  of  man.  The  wisdom, 
the  simplicity,  and  the  beneficence  of  this  ar- 
rangement, cannot  fail  to  produce  conviction  in 
every  reflecting  mind,  that  the  laws  of  nature  are 
not  to  be  referred  to  blind  chance,  but  to  unerring 
intelligence  combined  with  boundless  beneficence. 
In  every  breath  we  draw,  we  may  perceive,  if  we 
reflect  on  the  above  stated  arrangements,  that  we 
are  every  moment  indebted  to  an  all-wise  and 
almighty  Being,  in  whom  we  live  and  move,  for 
the  continuance  of  our  existence  and  for  eveiy 
comfort  we  possess,  and  therefore  praise,  adora- 
tion, and  thanksgivings,  are  due  to  him  from  all  the 
ranks  of  his  intelligent  offspring. 


The  department  of  the  subject  already  treated, 
may  now  be  concluded  with  a  reflection  or  two, 
founded  on  the  statements  previously  made. 

1.  From  the  invisibility  of  the  atmosphere,  and 
Its  numerous  and  important  efTects  in  the  system 
of  nature,  we  may  learn  the  folly  of  denying  the 
reality  of  a  future  and  invisible  state  of  existence, 
because  the  objects  connected  with  that  state  are 
not  perceptible  by  our  corporeal  senses.  Who 
could  have  imagined,  previously  to  modern  dis- 


coveries, that  all  the  functions  of  the  vegetable 
kingdom,  and  all  the  comforts  enjoyed  by  ani- 
mated beings,  are  dependent  upon  the  operation 
of  a  few  invisible  fluids,  and  that  all  the  beauties 
of  this  lower  creation  are  owing  to  the  composi- 
tion and  decomposition,  in  a  thousand  dilFerent 
ways,  of  those  gaseous  substances  whose  opera- 
tions are  impercejitible  to  the  keenest  eye  ?  And 
yet,  the  researches  of  modern  chemistry  have 
proved  this  fact  to  a  demonstration,  and  shown  us 
that  every  breath  we  draw,  every  pleasing  sensa- 
tion we  feel,  every  portion  of  food  we  eat,  every 
particle  of  heat  that  warms  our  apartments,  every 
ray  of  artificial  light  that  illuminates  our  streets 
and  habitations,  and  every  musical  sound  that  en- 
chants our  ears,  are  owing  to  the  unremitting 
motion  and  energy  of  invisible  substances.  And 
shall  we,  then,  assert  that  the  invisible  principle 
of  mind  is  not  in  existence  or  in  action  beyond 
the  limits  of  this  diurnal  sphere,  because  its  opera- 
tion in  that  state  lies  beyond  the  range  of  our 
senses  ?  We  behold  multitudes  of  rational  beings 
daily  departing  from  the  living  world;  their  or- 
ganical  frames  crumbling  into  ihe  dust,  and  the 
intellectual  princiiile  which  animated  them  dis- 
appearing from  mortal  view.  But  we  have  no 
more  reason  to  doubt  that  it  is  existing  and  operat- 
ing in  another  sphere,  than  we  have  to  doubt  of 
the  incessant  energy  of  the  invisible  gases  in  giv- 
ing life  and  beauty  to  sublunary  nature.  The 
disembodied  spirits  of  men,  whether  existing  in  a 
pure  ethereal  form,  or  invested  with  fine  material 
vehicles,  may  be  employed  in  active  services,  and 
in  sublime  contemplations  and  investigations,  of 
which  we  can  at  present  form  no  adequate  con- 
ception. We  may,  on  the  same  grounds,  form  a 
conception  of  spirits  suffering  pains,  anxieties, 
sorrows,  and  miseries,  of  different  kinds,  from  % 
retrospective  view  of  their  former  feelings,  affec- 
tions, and  conduct,  even  when  separated  from 
those  material  organs  with  which  they  were  for- 
merly connected. 

With  regard  to  the  great  objects  of  religion, 
many  of  them  lie  beyond  the  range  of  our  corpo- 
real vision,  as  some  of  the  agents  employed  in 
certain  chemical  processes  elude  our  senses.  Faith 
is  described  to  be  "  the  confident  expectation  of 
things  hoped  for,  and  the  conviction  of  things 
which  are  not  seen."*  It  substantiates  and  real- 
izes those  objects  which  are  invisible  to  the  eye 
of  sense,  or  which  lie  far  beyond  its  present  range 
of  view.  Hence  we  are  told  that,  in  the  present 
world,  we  should  "walk  by  faith,  not  by  sight." 
The  objects  connected  with  a  future  world  are 
real,  althougli  they  are  placed  at  such  a  distance 
as  not  to  be  cognizable  "l)y  our  present  visual 
organs.  They  are  not  all  merely  of  a  spiritual 
nature,  they  are  also  connected  with  material  ob- 
jects; but,  between  our  sensitive  organs  and  such 
objects,  immeasurable  regions  of  space  intervene. 
The  glorified  body  of  the  Redeemer  of  mankind 
is  a  material  substance  and  an  object  of  sense, 
and  it  inhabits  a  region  somewhere  within  the 
bounds  of  the  material  creation,  but  its  distance 
from  the  sphere  in  which  we  now  resiiie  removes 
it  from  our  view;  and  we  want  that  vigor  and  en- 
ergy of  our  corporeal  organs  which  the  martyr 
Steplien  seems  to  have  enjoyed,  when  the  heavens 
were  opened,  and  "he  saw  the  glory  of  God,  and 
Jesus  standing  on  the  right  hand  of  God." 

In  certain  pools  of  water,  animalcules  are  found, 
whose  bodies,  when  magnified  a  hundred  thou- 
sand times  their  natural  size,  are  visible  only  as 
so  many  moving  points.     A  considerable  portion 
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of  the  watery  element  on  our  globe  is  filled  with 
such  invisible  inhabitants,  which  have  never  been 
perceived  by  the  millionth  part  of  mankind.  In 
this  and  similar  instances,  we  have  an  invisible 
world  of  animated  beings  existing  around  us,  but 
no  one  cidis  in  question  their  existence  because 
they  can  only  be  observed  by  powerful  micro- 
scopes, and  are  not  perceptible  by  tbe  majority  of 
mankind.  In  short,  the  Divine  Being  pervades 
every  part  of  space  with  his  essence,  and  is  inti- 
mately present  with  every  one  of  his  creatures, 
yet  remains  forever  invisible  to  mortal  eyes.  But, 
on  this  ground,  no  one  but  an  atheist  ever  calls 
in  question  his  existence.  In  like  manner,  the 
iuvisihiiily  of  the  objects  connected  with  a  future 
world  ought  to  form  no  ground  of  doubt  respect- 
ing the  certainty  and  reality  of  their  existence. 

2.  We  may  learn  what  ought  to  be  our  great 
object  in  the  study  of  the  sciences,  and  in  the  in- 
vestigation of  the  phenomena  of  nature. 

Some  persons  are  disposed  to  consider  science 
and  natural  history  merely  as  genteel  studies; 
others  apjily  their  minds  to  such  subjects  with  the 
view  of  bearing  a  part  in  the  conferences  of  men 
of  learning.  Some,  again,  prosecute  such  pur- 
suits for  the  jiurpose  of  making  collections  of 
scarce  and  valuable  curiosities,  and  of  displaying 
a  degree  of  knowledge  and  taste  superior  to  those 
of  their  neighbors;  and  the  greater  part  of  man- 
kind consider  such  studies  as  only  an  amusement, 
or  a  relaxation  of  mind  from  the  fatigues  of  their 
daily  avocations.  But  the  study  of  nature  and  of 
science  is  highly  dishonored  by  such  groveling 
and  contracted  views.  The  prospect  of  the  uni- 
verse was  exposed  to  our  view  for  more  noble  and 
exalted  purposes — to  make  us  wiser  and  better 
men,  to  expand  our  views  of  the  perfections  of 
our  Creator,  and  to  inspire  us  with  a  grateful  sense 
of  all  the  blessings  we  daily  receive  from  his 
bountiful  hand. 

There  are  two  great  objects  which  we  ought 
always  to  keep  in  view  in  our  investigations  of 
the  laws  of  nature  and  of  the  principles  which 
operate  in  the  material  world.  In  the  first  place, 
to  deduce  from  our  observation  of  physical  facts, 
those  priziciples  by  which  the  powers  of  man  may 


be  extended — the  useful  arts  improved  and  carried 
to  perfection — and  the  comforts  and  enjoyments 
of  mankind  promoted  and  increased.  In  tlie  next 
place,  and  chit-fly,  that  our  conceptions  of  the 
Creator's  power,  wisdom,  benevolence,  and  super- 
intending providence,  may  be  enlarged,  and  that 
we  may  be  more  disposed  to  pay  him  that  tribute 
of  adoration  and  gratitude  which  is  due  to  his 
name.  Every  study  which  sets  the  supreme  Being 
on  one  side  and  nature  on  the  other,  is  notlung 
more  than  an  idle  amusement — it  is  lost  labor,  and 
productive  of  little  else  than  ignorance  and  error, 
pride  and  arrogance.  To  employ  our  thoughts  oa 
a  thousand  particulars  in  nature  without  directing 
them  to  the  great  Creator  of  all  things — to  profess 
to  admire  the  displays  of  his  wisiiom,  omnipo- 
tence, and  goodness,  while  we  violate  his  laws, 
and  persist  in  a  course  of  avarice  or  of  dissipa- 
tion— to  be  conscious  of  the  blessings  we  every 
moment  receive,  and,  at  the  same  time,  to  be 
utterly  unmindful  of  the  hand  from  whence  they 
flow — is  a  most  glaring  inconsistency,  a  shame- 
ful abuse  of  our  understanding,  and  an  act  of  the 
most  flagrant  ingratitude.  All  our  knowledge  is 
of  no  further  importance  to  us  than  as  it  has  an 
influence  on  our  afl^eclions  and  conduct,  and  leads 
us  to  entertain  impressive  and  reverential  ideas  of 
that  almighty  Being,  "  in  whose  hands  our  breath 
is,  and  whose  are  all  our  ways." 

Let  us,  then,  for  tlie  air  we  breathe,  and  the 
numerous  benefits  we  derive  from  the  surround- 
ing atmosphere,  display  our  gratitude,  and  conse- 
crate all  our  powers  and  faculties  to  the  service 
of  Him  who  "  made  the  earth  by  his  power,"  and 
"halh  established  the  world  by  his  wisdom;" — 
who  "  causeth  the  vapors  to  ascend  from  the  ends 
of  the  eajth;"  who  "maketh  lightnings  with  rain, 
and  bringeth  the  wind  out  of  his  treasures,"  and 
whose  "tender  mercies  are  over  all  his  works." 
To  Him  who  hath  created  and  redeemed  us,  all 
our  powers  and  energies  ought  to  be  devoted  from 
henceforth  and  forever,  for  he  is  worthy  to  receive 
all  praise,  honor,  and  dominion  from  men,  from 
angels,  and  from  the  inhabitants  of  all  the  worlds 
dispersed  throughout  the  regions  of  the  uni- 
verse 


•PART   II. 


ATMOSPHERIC  PHENOMENA. 


This  is  a  subject  which  would  admit  of  illus- 
tration suflicient  to  occupy  a  distinct  volume;  but 
the  present  limits  will  admit  of  only  a  very  con- 
densed and  superficial  view  of  the  diversified 
objects  connected  with  the  phenomena  of  tlie 
atmosphere. 

The  atmospherical  phenomena  may  be  arranged 
under  the  following  heads: — 


I.  Aqueous  meteors;  as  evaporation,  rain,  snow, 
hail,  clouds,  etc. 

n.  Wintis,  sea  and  land  breezes,  monsoons, 
hurricanes,  etc. 

ni.  Luminous  and  fiery  meteors,  as  fire-balls, 
falling-stars,  thunder  and  liglitning,  lumi- 
nous arches,  fata  morgana,  aerial  .specters, 
etc. 


CHAPTER    I. 

AQUEOUS    METEORS. 


1.  EvAroRATiox. — This  is  a  process  by  which 
water  and  other  substances  are  converted  into 
elastic  fluids  by  the  influence  of  heat  or  caloric. 
Vapors  being  lighter  than  air,  are  raised  into  the 
upper  regions  of  the  atmosphere,  and  afterward, 
by  a  partial  condensation,  form  those  clouds 
which  we  see  floating  around  us.  They  are  elas- 
tic, invisible  substances,  like  common  air,  but 
lighter;  being  to  common  air,  according  to  Saus- 
Bure's  experiments,  as  ten  to  fourteen.  If  we 
expose  water  to  heat,  bubbles  at  first  adhere  to 
the  sides  of  the  vessel,  which  by  degrees  ascend 
to  the  surface  and  burst.  These'  bubbles  rise  the 
more  rapidly  in  proportion  to  the  heat.  Water 
is  evaporated  by  the  heat  of  the  sun  merely,  and 
even  without  it  in  the  open  air;  and  the  vapor 
rising  into  the  air  is  condensed  into  clouds.  An 
immense  quantity  of  vapor  is,  in  this  way,  rai.sed 
from  the  different  regions  of  the  earth.  In  order 
to  estimate  the  quantity  thus  raised.  Dr.  Watson, 
bishop  of  LandafF,  made  the  following  experi- 
ments:— Having  provided  a  large  drinkiiig-glass, 
the  area  of  the  moutli  of  which  was  twenty  square 
inches,  he  placed  it  with  its  mouth  downward  on 
a  grass-plat  which  was  mown  close.  The  sun 
shone  bright  and  hot,  and  there  had  been  no  rain 
for  upward  of  a  month.  When  the  glass  had 
stood  on  the  grass-plat  one  quarter  of  an  hour, 
and  had  collected  a  quantity  of  condensed  vapor, 
he  wiped  its  inside  witii  a  piece  of  muslin,  the 
weight  of  which  he  havl  pi-eviously  ascertained, 
and,  as  soon  as  the  glass  was  wiped  dry,  the  mus- 
lin was  weighed.  The  medium  increase  of  weight 
from  various  experiments,  between  twelve  and 
three  o'clock,  was  six  grains  in  one  quarter  of  an 
hour,  from  twenty  square  inches  of  earth.  At 
this  rate  of  evaporation,  computing  seven  thou- 
sand grains  troy  to  one  pint  of  water,  and  eiglit 
pints  to  a  gallon,  it  may  be  shown  that  one  thou- 
sand six  hundred  gallons  of  water  would  be  raised 
from  one  acre  of  ground  in  twenty-four  hours. 
It  is  evid'Mit  that  the  quantity  will  be  still  greater 
when  the  ground  has  been  drenched  with  rain. 
To  prove  this,  the  same  pliilosopher  made  two 
other  experiments,  one  of  them  the  day  after  the 
ground  had  been  wetted  by  a  thunder-shower; 
aad  to  ascertain  the  circumstances  more  exactly, 
(34) 


he  took  the  heat  of  the  earth  by  a  thermometer 
laid  on  the  grass,  which  in  the  first  experiment 
was  uinety-sLx  degrees,  when  the  evaporation  was 
at  the  rate  of  1973  gallons  from  an  acre  in  twelve 
hours.  The  other  experiment  was  made  when 
there  had  been  no  rain  for  a  week,  and  when  the 
heat  of  the  earth  was  110  degrees;  this  experiment 
gave  after  the  rate  of  2S00  gallons  from  an  acre 
in  twelve  hours;  the  earth  was  hotter  than  the  air, 
being  exposed  to  the  reflection  of  the  sun's  rays 
from  a  brick  wall. 

Hence  it  appears  that  evaporation  must  form  a 
very  important  process  in  the  economy  of  nature. 
The  following  are  some  facts  in  relation  to  this 
process.  A  much  greater  quantity  of  vapor  rises 
during  hot  weather  than  during  cold,  as  ajipears 
from  the  preceding  experiments.  Even  wliere 
the  temperature  is  the  same,  it  varies  according 
to  circumstances.  It  is  least  of  all  in  calm  wea- 
ther, greater  when  a  breeze  blov/s,  and  greatest 
with  a  strong  wind.  In  our  climate,  the  evapora- 
tion is  about  four  times  as  great  between  the  ver- 
nal and  autumnal  equinox  as  in  the  rest  of  the 
year.  The  degree  of  cold  produced  by  evapora- 
tion is  much  greater  when  the  air  is  warmer  than 
the  evaporating  surface,  than  when  the  latter  is 
the  warmer  of  the  two.  From  these  and  other 
facts,  it  is  plain  that  tracts  of  land  which  are  co- 
vered with  trees  are  much  colder  than  those 
wliere  there  is  a  less  surface  of  vegetable  matter, 
such  grounds  being  found  to  emit  one-third  more 
vapor  than  the  same  space  covered  witIi  water. 
Hence  the  important  change  of  climate  which  a 
country  undergoes  by  being  cleared  and  cultivated 
America  is  not  the  same  country  at  present,  either 
with  respect  to  temperature  or  salubrity,  as  it  was 
several  centuries  ago,  when  it  was  covered  witH 
woods. 

By  this  perspiration  of  the  globe,  it  has  been 
estimated  that  thirty-six  inches  of  water  per  an- 
num are  raised  from  tiie  surface  of  all  the  seas 
and  rivers,  and  at  least  thirty  inches  from  all  the 
regions  of  the  land.  Hence  it  follows,  liiat  by 
this  constant  process  of  eva])oration,  100,000  cubic 
miles  of  water  are,  every  year,  raised  into  the 
atmosphere;  the  greater  part  of  which,  at  a  cer- 
tain hight,  parts  witli  its  heat,  and  is  condensed 
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into  clouds.  Wore  this  prodigious  mass  of  water 
all  to  subsist  in  the  atmosphere  at  once,  it  would 
increase  about  a  twelfth  part,  and  raise  the  baro- 
meter nearly  three  inches.  But  this  never  hap- 
pens; no  day  passing  without  rain  in  some  parts 
of  the  earth,  so  that  part  of  the  evaporated  water 
is  again  constantly  precipitated.  The  clouds 
formed  by  evaporation  are  carried  by  the  winds 
over  the  land,  broken,  and  precipitated  by  the  ac- 
tion of  mountains  and  trees,  and  thus  rendered 
the  means  of  watering  the  soil,  and  producing 
fertility  throughout  every  region  of  the  globe.  It 
is  owing  solely  to  this  process  that  our  clothes, 
when  washed  and  spread  out  to  the  open  air,  are 
soon  dried.  Were  there  no  such  process  as  eva- 
poration in  the  system  of  nature,  our  linens  and 
other  clothes,  when  drenched  in  water,  might  re- 
main for  centuries  without  being  dried — a  circum- 
stance which  is  seldom  thought  of  by  thoughtless 
men,  but  which  demands  our  thanksgiving  and 
gratitude.  Hence  we  are  called  upon  by  the  sa- 
cred writers  40  praise  "the  name  of  the  Lord," 
who  "causeth  the  vapors  to  ascend  from  the  ends 
of  the  earth."     Psalm  cxxxv.  5. 

2.  Clouds. — The  aqueous  vapors,  condensed  by 
cold,  or  rising  in  the  atmosphere  to  a  region  of 
air  lighter  than  themselves,  form  strata  of  visible 
vapors,  which  we  call  clouds.  Tiiese  masses  as- 
sume a  great  variety  of  shapes  and  configurations, 
which  sometimes  enliven  the  face  of  the  sky,  and 
at  other  times  cause  a  gloom  and  shadow  of  dark- 
ness to  overspread  the  landscape.  The  distance 
of  the  clouds  above  the  surface  of  the  earth  varies 
at  different  times,  and  according  to  the  nature  of 
the  cloud.  Tliin  and  light  clouds  frequently  rise 
to  the  hight  of  four  or  five  miles,  as  they  are 
Bometimes  seen  above  the  tops  of  the  highest 
mountains.  Their  average  bight  may  be  reckon- 
ed about  two  and  a  half  miles;  but  some  dense 
clouds  frequently  descend  so  low  as  to  touch 
mountains,  hills,  steeples,  and  even  high  trees, 
particularly  during  thunder-storms.  The  size  of 
some  of  these  clouds  has  been  estimated  to  cover 
a  space  of  fifteen  or  twenty  square  miles,  and 
their  thickness  above  a  thousand  feet.  Their 
motions  are  generally  directed  by  the  winds,  ex- 
cepting when  thunder  is  about  to  happen;  in 
which  case,  they  seem  to  move  very  slowly,  and 
sometimes  remain  absolutely  stationar)^  which  is 
probably  owing  to  their  being  impelled  by  two 
opposite  currents  of  air. 

Clouds  liave  been  arranged  by  modern  natural- 
ists into  several  classes,  according  to  their  different 
configurations,  and  the  regions  of  the  atmosphere 
where  they  are  generally  found.  They  have  been 
distinguished  by  Howard  into  seven  modifications, 
the  peculiarities  of  which  are  supposed  to  be 
caused  by  the  agency  of  electricity.  There  are 
three  primary  modifications — the  cirrus,  the  cu- 
mulus, and  the  stratus;  two  which  may  be  con- 
sidered as  intermediate  in  their  nature — the  cirro- 
cumulus,  and  the  cirro-stratus;  one  which  appears 
to  be  a  compound  —  the  cumulo-stratus;  and. 
lastly,  the  cumulo-cirro-stratus,  or  nimbus,  a 
state  which  immediately  precedes  the  resolutiou 
of  clouds  into  rain.  These  clouds  are  generally 
assigned  to  three  atmospherical  regions,  the  upper, 
the  middle,  and  the  lower  one;  to  which  a  fourth, 
the  low<-st,  may  be  added.  In  the  upper  region, 
the  atmosphere  is  in  such  a  state  that  it  can  receive 
and  sustain  only  light  and  thin  vapors,  and  to  this 
district  belongs  tlie  cirrus. 

The  cirrus  has  the  least  density  of  all  the  forms 
of  cloud,  but  the  greatest  high-t  and  variety  of 
shape  and  direction.  It  is  the  first  indication  of 
serene  and  nettled  weather,  and  first  shows  itsirif  ; 
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in  a  few  fibers  spreading  through  the  atmosphere. 
It  sometimes  looks  like  a  fine  whitish  thread  pen- 
ciled on  a  clear  blue  sky.  These  fibers,  by  de- 
grees, increase  in  length,  and  new  fibers  attach 
themselves  to  the  sides.  The  duration  of  the  cir- 
rus is  uncertain:  in  some  kinds  of  weather,  ils  fig- 
ure issorapi(ily  and  continually  changed,  that,  after 
turning  the  eye  from  it  for  a  few  minutes,  it  will 
frequently  be  found  almost  completely  changed. 
In  other  cases,  it  is  sometimes  visible  for  many 
hours  and  even  days  together,  without  much 
changing  its  appearance.  From  its  usually  curl- 
ing appearance,  this  species  of  cloud  is  called  the 
mare's-tail  cloud. 

The  cumulus  is  a  cloud  of  a  dense  structure, 
formed  in  the  lower  region  of  the  atmosphere, 
and  moving  along  in  the  current  of  wind  which 
is  next  to  the  earth.  Its  first  appearance  is  gene- 
rally a  small  irregular  spot,  which  increases  in 
size,  preserves  a  flat  horizontal  base,  and  assumes 
more  or  less  of  a  conical  figure.  Such  clouds 
are  sometimes  pretty  well-defined  hemispherical 
masses;  at  other  times,  they  rise  into  mountains, 
ranged  in  one  plane,  their  silvery  summits  pre- 
senting a  beautiful  appearance.  Before  rain  they 
increase  very  rapidly,  and  descend  low  in  the 
atmosphere.  Great  masses  of  them,  during  high 
winds,  are  seen  in  the  quarter  of  the  heavens 
toward  which  the  wind  blows,  and  indicate  ap- 
proaching calm  and  rain. 

The  stratus  has  a  mean  degree  of  density;  it  is 
the  lowest  of  clouds,  and  its  inferior  surface  fre- 
quently rests  on  the  earth  or  on  the  water.  The 
time  of  its  appearance  is  about  sunset,  and  it  dis- 
appears soon  after  sunrise.  It  comprehends  all 
tliose  creeping  mists  which,  in  calm  evenings, 
ascend  in  spreading  sheets,  like  an  inundation  of 
water,  from  the  bottom  of  valleys.  Sometimes  it 
remains  quiet,  and  accumulates  in  layers,  until 
the  atmosphere  is  capable  of  sustaining  its  weight, 
when  it  assumes  the  position  of  tlie  dark  uhnbtis, 
and  falls  in  a  shower  of  rain. 

The  other  species  of  clouds  may  be  briefly 
stated,  which  are  compound  modifications.  The 
cirro-cumulus  consists  of  a  collection  of  small 
white  clouds,  of  a  roundish  form,  which  give  to 
the  sky  the  appearance  called  dappled,  and  are,  in 
summer,  considered  as  a  prognostic  of  settled 
weather;  or,  at  least,  of  an  increase  of  tempera- 
ture. They  form  a  very  beautiful  sky,  and  are 
more  frequent  in  summer  than  in  winter.  The 
cirro-stratus  is  generally  in  the  form  of  long  hori- 
zontal streaks,  which  are  ever  shifting  their  figure 
and  position.  It  precedes  wind  and  rain,  the  near 
or  distant  approach  of  which  may  sometimes  be 
estimated  from  its  greater  or  less  abundance. 
It  is  frequently  seen  in  the  intervals  of  storm»- 
The  form  and  relative  position,  when  seen  in  tho 
distance,  frequently  give  the  idea  of  shoals  of  fish. 
It  is  that  modification  which  most  frequently  ex- 
hibits the  phenomena  of  the  solar  and  lunar  halo. 
The  cumulo-stratus  is  a  large,  lofty,  dense  cloud, 
which  may  be  compared  to  a  musliroom,  with  a 
very  thick,  short  stem.  It  rises  through  the  in- 
terstices of  the  superior  clouds;  and  the  whole, 
seen  as  it  passes  off"  in  the  distant  horizon,  pre- 
sents to  the  fancy  mountains  covered  with  snow 
intersected  with  dark  ridges,  rocks,  towers,  and 
other  objects.  Before  thunder-storms,  it  frequently 
appears  reddish.  The  nimbus  is  the  cloud  of  rain. 
Before  rain  takes  place,  the  clouds  are  uniformly 
found  to  undergo  a  change,  attended  with  appear- 
ances sufficiently  remarkable  to  indicate  this  as  a 
distinct  modification  of  clouds.  It  consists  of  a  ho- 
rizontal sheet,  above  which  the  cirrus  spreads,  while 
the  cumulus  enters  it  laterally,  and  from  beneath. 
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Clouds  are  frequently  highly  charged  with  elec- 
tricity. These  not  only  produce  violent  storms 
of  thunder  and  lightning,  but  are  sometimes  the 
cause  of  the  destruction  of  life  and  the  most  dread- 
ful devastations.  In  the  year  1772,  a  bright  cloud 
was  observed,  at  midnight,  to  cover  a  mountain 
in  the  island  of  Java,  which  emitted  flames  of  fire 
so  luminous,  that  the  night  became  as  clear  as 
day.  It  destroyed  everything  for  twenty  miles 
around  :  buildings  were  demolished,  plantations 
buried  in  the  earth;  fifteen  thousand  cattle,  a  vast 
number  of  horses  and  other  animals,  and  above 
two  thousand  human  beings,  were  destroyed  by 
the  agency  of  this  tremendous  cloud.  On  the 
29th  of  October,  1757,  in  the  island  of  Malta,  a 
little  after  midnight,  a  great  black  cloud  appeared, 
which  changed  its  color  as  it  approached  the  city, 
until  it  became  like  a  flame  of  fire,  mixed  with 
black  smoke,  and  a  dreadful  noise  was  heard  on 
its  approach.  It  tore  an  English  ship  to  pieces, 
and  carried  the  masts,  sails,  and  cordage,  to  a 
great  distance.  Small  boats,  in  its  course,  were 
broken  to  pieces  and  sunk.  In  passing  through 
the  city,  it  laid  in  ruins  everything  in  its  way; 
houses  were  leveled  with  the  ground,  the  roofs  of 
churches  were  demolished;  not  one  steeple  was 
left  in  its  passage,  and  the  bells,  together  with  the 
spires,  were  carried  to  a  distance.  In  this  awful 
catastrophe,  the  number  of  human  beings  killed 
and  wounded  amounted  to  nearly  two  hundred. 
Thus  it  appears  that,  while  clouds  serve  occasion- 
ally as  so  many  screens  to  abate  the  heat  of  the 
sun  in  warm  countries,  and  form  depositories  of 
rains,  which  water  and  fertilize  the  earth,  they  are 
also  sometimes  used  in  the  hands  of  the  Almighty 
as  instruments  for  the  infliction  of  his  judgments 
upon  the  nations;  for  the  clouds  are  his  chariots, 
the  thunder  his  voice,  and  he  "walketh  upon  the 
wings  of  the  wind." 

3.  Rain. — We  have  already  stated  that  the 
waters  of  the  earth,  by  evaporation,  yield  a  cer- 
tain quantity  of  moisture  to  the  air,  which,  being 
condensed,  assumes  the  form  of  clouds,  floating 
at  different  distances  above  us  in  the  atmosphere. 
Whatever  suddenly  disturbs  the  heat  or  density  of 
the  air,  or  the  electricity  of  the  clouds,  occasions 
the  particles  of  vapor  to  rush  together,  and  form 
drops  of  water  too  heavy  to  continue  suspended 
in  the  atmosphere;  they  fall  in  the  shape  of  rain, 
and  increase  in  size  as  thej'  fall,  by  combining 
with  the  floating  vapors  as  they  pass  through  them. 
We  have  but  an  obscure  conception,  however,  of 
the  chemical  nature  of  vapor,  and  of  the  chemi- 
cal processes  which  are  going  on  in  the  produc- 
tion of  vapor,  and  its  subsequent  resolution  into 
rain.  Dr.  Thomson  has  this  general  remark  on 
the  subject,  after  quoting  the  opinions  of  Dr.  Wat- 
son, Dr.  Hales,  and  others,  that  "  the  formation 
of  the  clouds  and  rain  cannot  be  accounted  for  by 
a  single  principle  with  which  we  are  acquainted. 
It  is  neither  owing  to  the  saturation  of  the  atmo- 
sphere, nor  the  diminution  of  heat,  nor  the  mix- 
ture of  airs  of  different  temperatures;  for  clouds 
are  often  formed  without  any  wind  at  all,  either 
above  or  below  them:  and  even  if  this  mixture 
constantly  took  place,  the  precipitation,  instead  of 
accounting  for  rain,  would  be  almost  impercepti- 
ble'." Instead,  therefore,  of  detailing  conflicting 
opinions  on  this  subject,  we  shall  state  only  a  few 
general  facts  in  relation  to  rain. 

It  is  worthy  of  our  notice,  that  drops  of  rain 
are  always  found  larger  in  the  lower  regions  of 
the  atmosphere.  In  going  down  a  high  mountain 
In  tbe  time  of  rain,  the  drops  gradually  increase, 
):ntil,  reacjiiiig  ttie  bottom,  they  increase  from  a 
diizzling  siiowei^  to  a  hs-avy  rain.     To  ascertain 


the  generality  of  this  fact.  Dr.  Heberden,  In  the 
year  1776,  made  the  following  experiment.  Ha 
placed  a  rain-gauge  on  the  square  part  of  the  roof 
of  Westminster  Abbey,  another  on  the  top  of  a 
neighboring  house,  considerably  lower  than  the 
first,  and  another  on  the  ground,  in  an  adjoining 
garden.  The  rain  collected  in  each  was  as  fol- 
lows : — top  of  Westminster  Abbey,  twelve  inches; 
top  of  the  house,  eighteen  inches;  and  on  the 
ground,  twenty-two  inches;  so  that  more  rain 
was  collected  in  the  lower  than  in  the  upper  rain- 
gauge.  The  proportions  of  rain  vary  in  different 
months  of  the  year.  In  summer,  we  have  not  so 
many  rainy  daj's  as  in  winter;  but  the  showers 
are  then  heavier,  the  streams  of  rain  closer  to- 
gether, and  the  quantity  which  falls  is  greater 
than  during  any  other  season.  Dr.  Dalton  states 
that  the  first  six  months  of  the  year  may  be  re- 
garded as  dry,  and  the  last  six  as  wet  months. 
From  certain  long-continued  observations,  it  has 
been  inferred  that,  in  spring,  it  rains  oftener  in 
the  evening  than  in  the  morning;  but  that  toward 
the  end  of  the  summer,  oftener  in  the  morning 
than  in  the  evening;  and  that  storms  at  this  time 
are  apt  to  occur  a  little  after  sunrise.  In  the  pro- 
gression of  the  seasons,  rain  falls  at  all  times  during 
the  twenty-four  hours,  but  it  has  been  ascertained 
that  much  less  falls  by  day  than  by  night.* 

The  annual  quantity  of  rain  is  greatest  in  trop- 
ical countries,  and  diminishes  as  we  approach  the 
pole,  owing  to  the  greater  evaporative  qualities  of 
the  atmosphere  in  warm  than  in  cold  countries. 
Within  the  tropic,  rain  is  not  of  the  drizzling 
character  of  rain  in  the  temperate  zone,  but  gene* 
rally  falls  in  such  torrents  as  in  other  zones  would 
be  called  waterspouts,  and  they  produce  greater 
floods  in  a  single  day  than  in  Europe  in  six  days. 
Winter  is  distinguished  from  summer  chiefly  by 
the  quantity  of  rain,  which,  for  six  months,  ia 
often  constant  for  many  days  together,  and  lasts 
a  certain  number  of  hours  per  day.  The  rivers,  in 
consequence,  overflow,  and  in  many  countries 
produce  inundations,  which  intercept  all  commu- 
nications between  neighboring  towns  and  villages. 
The  mean  quantity  of  rain  which  falls  annually 
in' England  is  thirty-two  inches.  In  the  western 
parts  of  Scotland,  the  depth  is  from  thirty  to 
thirty-five  inches;  in  the  eastern  parts,  from 
twenty-four  to  twenty-eight  inches.  At  Edin- 
burgh, it  is  twenty-four  inches  and  a  half;  and  in 
London,  twenty-two  and  one-fifth.  There  is 
more  rain  in  the  western  part  of  Britain  than  in 
the  eastern,  because  these  parts  receive  the  first 
clouds  as  they  are  brought  from  the  Atlantic  by 
the  westerly  winds.  In  the  West  Indies,  one 
hundred  and  twenty  inches  fall  annually;  and,  in 
the  East  Indies,  from  eighty  to  one  hundred  inches. 
At  Bombay,  eighty-two  inches,  and  at  Calcutta, 
eighty-one  inches  fall  annually. 

When  mountain-ranges,  and  other  distant  ob- 
jects, appear  nearer  to  us  than  usual — when  sounds 
are  heard  more  clearly  from  a  distance — when  the 
odor  of  plants  is  more  than  usually  powerful,  rain 
may  be  soon  expected.  Ducks,  geese,  and  other 
water-fowls,  before  the  approach  of  rain,  may  be 
seen  to  throw  water,  with  their  bills,  over  their 
heads.  Cattle  may  likewise  be  seen  stretching 
out  their  necks,  and  snufl^mg  in  the  air  with  dis- 
tended nostrils.  Dogs,  closely  confined  in  a  room, 
become  drowsy  and  stupid  before  rain;  the  same 
is  observed  in  cats,  though  in  a  less  degree;  horses 


•  If.  is  said,  thnt  on  the  QOth  of  October,  1827,  there  fell, 
at  .loynus,  in  I'mnip,  twenty-nine  inches  of  rain  in  twenty, 
two  lio^irs;  and,  in  eleven  days,  thirty. six  inclies;  which  is 
double  that  at  Paris  during  the  year. 
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neigh  frequently;  cattle  low;  the  fallow-deer  be- 
come restless;  and  swallows  fly  in  a  low  course. 
Delicate  persons  are  often  affected,  before  rain, 
with  headaches,  pains  in  old  sores  which  have 
healed,  irritability  of  temper,  the  aching  of  corns, 
and  excessive  nervousness.  Several  flowers  and 
plants  are  prognosticators  of  rain.  When  the 
flower  of  the  chickweed  closes,  showery  weather 
or  continued  rain  may  be  e.xpected.  The  trefoil, 
the  convolvulus,  and  other  plants,  contract  their 
leaves  before  the  approach  of  rain.  When  the 
moon  is  of  a  pure  silvery  color,  good  weather  is 
indicated;  but  when  it  has  a  brownish  tint,  rain 
may  be  expected.  When  stars  are  surrounded 
with  colored  halos,  the  approach  of  rain  is  indi- 
cated. 

In  the  present  constitution  of  our  globe,  rain — 
though  sometimes  attended  with  a  few  inconveni- 
ences— is  essential  for  promoting  the  enjoyments 
both  of  man  and  beast.  It  moistens  and  softens  the 
earth,  and  prepares  it  for  being  cultivated,  and  for 
affording  nourishment  to  the  vegetable  tribes, which 
both  adorn  the  landscape  of  the  world,  and  afford 
nourishment  to  the  human  race  and  to  every 
species  of  animated  existence.  By  falling  on  high 
mountains,  it  carries  down  with  it  many  particles 
of  loose  earth,  which  serve  to  fertilize  the  sur- 
rounding valleys,  and  purifies  the  air  from  nox- 
ious exhalations,  which  tend,  in  their  return  to 
the  earth,  to  meliorate  the  soil.  It  moderates  the 
heat  of  the  air,  and  forms  one  of  the  sources 
whence  fountains  and  rivers  are  supplied.  With- 
out the  influence  of  rain,  trees,  shrubs,  and 
flowers  would  soon  wither,  sicken,  and  die,  and 
every  land  be  then  turned  into  a  barren  wilder- 
ness. But  when  the  clouds,  at  seasonable  periods, 
pour  down  their  watery  treasures,  all  sublunary 
nature  is  invigorated  and  refreshed,  and  the  vegeta- 
ble productions  of  the  soil  are  made  verdant  and 
flourishing,  and  adorn  the  surface  of  the  earth 
with  their  gay  attire  and  diversity  of  colors.  In 
the  language  of  the  Psalmist,  "  The  little  hills 
rejwce  on  every  side.  The  pastures  are  clothed 
with  flocks;  the  valleys  also  are  covered  over 
with  corn;  they  shout  for  joy,  they  also  sing." 
He  who  at  first  formed  the  earth  for  man,  "wa- 
tereth  the  ridges  thereof  abundantly,"  maketh  it 
"soft  with  showers,"  blesseth  "the  springing  there- 
of," and  crowneth  the  year  with  his  goodness. 
It  is  represented  by  the  inspired  writers  as  the 
peculiar  prerogative  of  Jehovah  to  send  rain  upon 
the  earth:  "  Are  there  any  among  the  vanities  of 
the  Gentiles  that  can  cause  rain?  or  can  the  hea- 
vens give  showers?  Art  not  thou  He,  0  Lord  our 
God? — for  thou  hast  made  all  these  things." 
The  effects  produced  by  the  want  of  rain  are  em- 
phatically described  by  these  writers:  "  Thy 
heaven  that  is  over  thee  is  as  brass,  and  the  earth 
that  is  under  thee  as  iron."  "  The  field  is  wasted, 
tiie  land  mourneth;  for  the  corn  is  wasted.  *  * 
Be  ye  ashamed,  O  ye  husbandmen;  howl,  0  ye 
pine-dressers,  for  the  wheat  and  for  the  barley; 
because  the  harvest  of  the  field  is  perished.  The 
vine  is  dried  up,  and  the  fig-tree  languisheth;  the 
pomegranate-tree,  the  palm-tree  also,  an  1  the 
apple-tree,  even  all  the  trees  of  the  field,  are 
withered.  *  *  *  How  do  the  beasts  groan! 
The  herds  of  cattle  are  perplexed,  because  they 
have  no  pasture;  yea,  the  flocks  of  sheep  are  made 
desolate  ;  *  *  '  #  for  the  rivers  of  waters  are 
dried  up,  and  the  fire  hath  devoured  the  pastures 
of  the  wilderness."     Joel  i.  10-12,  18,  2". 

4.  Snow. — Snow  consists  of  such  vapors  as  are 
frozen  while  the  particles  are  small.  It  differs 
from  hail  and  hoar-frost,  in  being  crystallized, 
which   they  are  not.     When  a  flake  of  snow   is 


examined  by  a  magnifying-glass,  the  whole  of  it 
will  appear  to  be  composed  of  fine  shining 
spicula,  diverging  like  rays  from  a  center.  As 
the  flakes  fall  down  through  the  atmosphere, 
they  are  continually  joined  by  more  of  these 
radiated  spicula,  and  thus  increase  in  bulk,  like 
the  drops  of  rain  or  hailstones.  Many  of  the 
flakes  of  snow  are  of  a  regular  figure,  for  the 
most  part  stars  of  six  points,  and  are  as  perfect 
and  transparent  ice  as  any  we  see  on  a  pond  or 
river.  Their  forms  present  an  almost  endless 
tariety,  are  often  very  regular  and  beautiful,  and 
reflect,  with  exceeding  splendor,  the  rays  of  the 
sun.  When  they  are  very  large,  they  are  said  to 
indicate  the  approach  of  thunder.  The  different 
forms  which  the  flakes  of  snow  exhibit,  when 
viewed  through  microscopes,  are  represented  in 
figure  6.  These  crystals  of  snow  are  from  one- 
third  to  one  thirty-fifth  of  an  inch  in  diameter, 
in  their  natural  size.  Experiments  have  been 
made,  which  prove  that  snow  is  twenty-four 
times  lighter  than  water,  and  that  it  fills  up  ten 
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or  twelve  times  more  space  at  the  moment  of 
falling,  than  the  water  produced  from  it,  when 
melted.  It  is  worthy  of  remark,  that  previous  to 
the  fall  of  snow,  and  during  its  continuance,  the 
temperature  continues  at  about  32  degrees.  The 
lightness  of  snow,  although  it  is  firm  ice,  is  ow- 
ing to  the  excess  of  its  surface  in  comparison  to 
the  matter  contained  under  it.  Its  whiteness  is 
owing  to  the  small  particles  into  which  it  is 
divided  ;  for  ice,  when  pounded,  will  become 
equally  white. 

Snow  is  frequently  formed  in  the  lower  regions 
of  the  atmosphere.  A  very  cold  stream  of  air 
admitted  into  a  room  in  which  the  contained  air 
is  much  warmer,  and  loaded  with  watery  parti- 
cles, will  occasion  its  formation.  In  the  huts 
of  those  who  inhabit  the  arctic  regions,  snow  is 
frequently  formed  in  this  manner.  Dr.  Robert- 
son states  that,  in  a  crowded  assembly-room  in 
St.  Petersburg,  a  stream  of  cold  air  was  accident- 
ally admitted  into  the  room  by  a  gentleman 
breaking  a  pane  of  glass,  on  which  the  vapor  in 
the  air  was  i'nmediately  ^oPSfpaleH,  anH  fell  in  thn 
form  of  snow-flakes.  In  Siberia,  Nova  Zembia, 
and  other  northern  regions,  the  same  phenomenon 
frequently  happens.  Snow  occurs  in  all  regions 
of  the  globe  at  a  certain  hight  above  the  level  oi 
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the  sea,  but  it  falls  more  abundantly  on  plains  as 
we  proceed  from  the  equator  to  the  poles.  In 
the  arctic  regions,  snow  falls  nine  days  out  of 
ten  in  the  months  of  April,  May,  and  June,  and 
often  to  a  depth  of  two  or  three  inches  in  an  hour. 
Among  the  mountains  of  Germany,  Italy,  and 
Switzerland,  snow  is  sometimes  accumulated  to 
such  an  extent  as  to  produce  the  most  terrific  and 
destructive  eifects,  as  in  the  case  of  the  rolling 
avalanche.  An  avalanche  is  a  mountain-mass  of 
ice,  or  frozen  snow,  which  is  sometimes  loosened 
from  its  base,  and  descends  from  the  mountains 
with  a  force  so  terrible,  that  it  crushes  the  tra- 
veler beneath  its  power,  and  buries  hamlets  and 
villages  in  a  common  grave.  In  the  year  1749,  the 
whole  village  of  Rucras,  in  the  canton  of  Grisons, 
iu  Switzerland,  was  covered,  and  at  the  same 
time,  removed  from  its  site,  by  an  avalanche  of 
this  description.  But  this  change,  which  hap- 
pened in  the  night-time,  was  effected  without  the 
least  noise  ;  so  that  the  inhabitants  were  not 
aware  of  it;  and,  on  awakening  in  the  morning, 
could  not  imagine  why  day-light  did  not  dawn. 
A  hundred  persons  were  dug  out  of  the  snow, 
sixty  of  whom  were  still  alive,  the  interstices 
between  the  snow  containing  sufficient  air  to 
support  life.  Not  many  years  ago,  an  instance 
occurred  of  a  family  buried  under  one  of  these 
avalanches,  and  who  continued  in  that  situation 
for  above  a  fortnight,  remaining  all  that  time  in 
utter  darkness,  and  incrusted  in  a  body  of  snow 
several  hundred  feet  in  thickness.  A  massy 
beam  supported  the  roof  against  this  enormous 
pressure;  and  a  milch  ass,  that  happened  to  be 
thus  incarcerated  with  the  people,  furnished  suf- 
ficient nourishment  for  the  support  of  life,  until 
they  were,  at  length,  restored  t«  the  light  of 
day. 

The  great  Dispenser  of  universal  bounty  has 
so  ordered  it,  that  snow  is  eminently  subservient, 
as  well  as  all  his  other  works,  to  his  benevolent 
designs.  As  the  vv'inter  cold  is  much  more  hurt- 
ful to  vegetables  than  to  animals,  the  plants  would 
perish,  if  tljeir  roots  were  not  preserved  by  some 
covering.  God  has,  therefore,  ordained  that  the 
rain,  which  iu  summer  cools  and  revives  the 
plants,  should,  in  winter,  fall  in  the  form  of  a 
soft  wool  to  cover  the  vegetables,  and  to  guard 
them  from  Ihe  inclemency  of  frosts  and  winds. 
It  prevents  the  internal  heat  of  the  earth  frotn 
escaping,  and  forms  a  safe  covering  to  the  tender 
herb,  until  the  winter  cold  has  abated  under  the 
influence  of  the  genial  spring. 

5.  Hail. — Hail,  which  is  a  more  compact  mass 
of  frozen  water  than  snow,  is  formed  by  the  con- 
gelation of  vapor  in  the  higher  regions  of  the 
atmosphere.  The  drops  of  hail  assume  various 
figures,  being  sometimes  round,  at  other  times 
pyramidal,  angular,  thin,  and  flat,  and  sometimes 
stellated  with  six  radii,  like  the  small  crystals  of 
snow.  When  hail-stones  are  broken  open,  or  cut 
across,  they  are  sometimes  found  within  to  be  of 
a  spongy  structure;  sometimes  the  interior  presents 
a  very  beautiful  radiated  appearance,  and  not  un- 
frequently  exhibits  regular  and  very  remarkable 
concentric  plates.  They  are  often  of  considerable 
dimensions.  They  vary  in  size  from  that  of  a 
small  seed,  to  that  of  a  boy's  marble ;  and,  in 
some  instances,  they  have  been  found  as  large  as 
the  eggs  of  a  goose;  the  small  generally  falling 
in  the'  more  northerly  climates,  and  ou  the  tops 
of  niountains,  and  the  larger  in  France,  Spain, 
Italy,  and  other  countries,  toward  the  south  of 
Europe.  Hailstones  have  fallen  in  Scotland, 
which  have  been  proved  to  weigh  five  ounces. 
In   North   America,  they   have  sometimes  been 


picked  up  weighing  fifteen  ounces;  and  on  Octo 
ber  5th,  1831,  one  fell  at  Constantinople  which 
weiglied  more  than  a  pound!  Tlie  average 
velocity  with  which  they  fall,  has  been  estimated 
at  seventy  feet  per  second,  or  at  the  rate  of  fifty 
miles  an  hour;  and  consequently,  their  great 
moinentum,  arising  from  this  velocity,  frequently 
renders  them  very  destructive,  particularly  iu  hot 
climates.  They  beat  down  the  crops,  strip  trees 
of  their  leaves,  fruits,  and  branches,  and  some- 
times kill  even  large  beasts  and  men.  A  few 
years  ago,  a  tremendous  storm  happened  in  Glou- 
cesiersiiire,  accompiuied  with  a  most  remarka- 
ble hail-shower.  The  masses  of  ice  which  fell 
in  places  where  the  storm  most  fiercely  raged, 
bore  no  resemblance  to  the  usual  state  of  hail- 
stones in  magnitude  or  J'ormatwa,  most  of  them 
being  of  a  very  irregular  shape,  broad,  flat,  and 
ragged,  and  many  of  them  measuring  nine  inches 
in  circumference.  They  appeared  like  fragments 
of  a  vast  plate  of  ice,  broken  into  small  masses, 
by  its  descent  toward  the  earth. 

The  phenomena  attending  the  formation  and 
fall  of  hail  are  but  imperfectly  understood,  though 
it  is  certain  they  are  connected  with  electricity, 
and  hence,  the  frequent  occurrence  of  hail- 
showers  during  violent  storms  of  thunder  and 
lightning.  Tiiey  occur  principally  in  the  tem- 
perate regions  of  the  globe,  less  frequently  be- 
tween the  tropics,  and  are  almost  unknown  iu  the 
frigid  zones.  7'hey  are,  also,  more  frequent  in 
summer  than  iu  winter.  In  the  south  of  France, 
and  the  adjacent  countries,  much  damage  has  been 
produced  by  the  ravages  of  hail-storms.  To  avert 
such  ravages,  hail-rods  have  lately  been  erected  on 
the  same  principle  as  lightning  rods.  They  con- 
sist of  lofty  poles  tipped  with  metallic  wires  com- 
municating with  the  earth.  By  thus  subtracting 
the  superabundant  electricity  of  the  clouds,  it  is 
supposed  that  the  formation  of  hail  might  be  pre- 
vented. It  has  been  estimated  by  the  "  Linnean 
Society  of  Paris,"  from  numerous  experinienta 
made  in  different  districts,  that  "  if  these  hail- 
rods  were  established  through  the  whole  of  France, 
it  would  occasion  an  annual  saving  to  the  revenue 
of  f fly  millions  of  francs."  It  is  also  stated  that, 
in  many  districts  which  were  formerly  year  after 
year  devastated  byhail,  the  instrument  has  been 
adopted  with  complete  success,  while,  in  neigh- 
boring districts,  not  protected  by  hail-rods,  the 
crops  have  been  damaged  as  usual. 

6.  Dew. — Dew  is  vapor  condensed  into  visible 
drops.  It  begins  to  be  deposited  about  sunset, 
and  is  most  abundant  in  valleys  and  plains  near 
rivers  and  other  collections  of  water,  and  abounds 
on  those  parts  of  the  surface  which  are  clothed  witli 
vegetation.  In  England,  the  dew  is  observed,  like 
the  drops  of  drizzling  rain,  upon  the  leaves  of 
grass  and  other  vegetables,  upon  wood,  glass,  por- 
celain, etc.,  or  upon  the  earth,  which  is  thereby 
rendered  sensibly  moist.  It  falls  more  copiously 
in  spring  and  summer  than  at  any  other  times  of 
the  year.  In  countries  situated  near  the  equator, 
the  dews  are  generally  observed  in  the  morning 
throughout  the  year;  and  in  some  places  in  the 
east,  where  rain  seldom  falls,  they  are  so  copious^ 
as,  in  a  great  measure,  to  supply  its  deficiency 
During  the  heat  of  the  day,  a  great  quantity  of 
vapor  is  thrown  into  the  atmosphere  from  the 
surface  of  the  earth  and  waters.  When  the 
evening  returns,  if  the  vapor  has  not  beeu  carried 
off  by  currents,  it  will  happen  that  more  remains 
diffused  in  the  general  atmosphere  than  the  tem- 
perature of  the  night  will  permit  to  subsist.  A 
decomposition  of  the  aqueous  atmosphere  then 
commences,  and  is  continued   until    llv;  general 
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temperature  and  aqueous  pressure  arrive  at  an 
equilibrium,  or  until  the  returning  sun  puts  an 
end  to  the  process. 

Hoar-frost,  which  appears  like  a  powdery  crys- 
tallization on  trees  and  herbage,  is  only  frozen 
dew.  The  conversion  of  dew  into  hoar-frost  is 
another  wise  arrangement  of  Nature,  by  which 


plants  are  protected  from  the  severity  of  a  freez* 
ing  cold  atmosphere.  Fogs  are  clouds  which  float 
on  the  surface  of  the  earth;  and  clouds  are  fogs  in 
the  higher  regions  of  the  atmosphere.  From  many 
elevated  places  they  may  be  seen  moving  in  the  val- 
leys, and  from  the  valleys  they  may  frequently  ba 
seen  creeping  along  the  sides  of  the  mountains. 
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WINDS. 


1.  Winds  in  general. — Wind  is  the  motion  of  a 
body  of  air  flowing  from  one  place  to  another. 
The  earth,  being  surrounded  by  a  fine  invisible 
fluid,  extending  several  miles  above  its  surface, 
is  acted  upon  by  heat  and  cold  arising  from  dif- 
ferent causes.  This  appears  to  be  the  general 
cause  of  the  phenomena  of  winds;  and,  according 
to  the  force  or  velocity  with  which  the  masses  of 
air  move,  we  use  the  terms,  a  breeze,  a  gale,  a 
storm,  a  tornado,  a  whirlwind,  a  hurricane,  etc. 
When  a  fire  is  made  in  the  open  air,  the  rarefied 
part  of  that  fluid  will  ascend  in  a  current,  and  the 
cooler  and  denser  air  will  rush  in  on  all  sides,  in 
consequence  of  which  a  wind  is  generated,  and 
blows  constantly  toward  the  fire.  The  wind  thus 
produced  will  be  too  inconsiderable  to  be  perceived 
at  any  great  distance,  but  the  rarefaction  which 
arises  from  natural  causes  may  be  such  as  to  agi- 
tate our  atmosphere  sufficiently  to  produce  those 
torrents  of  air  which  have  always  a  powerful 
effect  in  nature,  and  which  sometimes  overwhelm 
and  destroy  the  fairest  and  most  superb  pro- 
ductions of  human  art.  Among  the  causes 
which  produce  this  rarefaction  of  the  atmosphere, 
and  generate  wind,  the  heat  of  the  sun  is  not  the 
least  powerful.  When  the  solar  rays,  by  their 
reflection  from  the  earth's  surface,  have  heated  or 
rarefied  a  portion  of  the  surrounding  air,  the  air 
so  rarefied  ascends  into  the  higher  regions  of  the 
atmosphere,  and  the  colder  air,  by  which  it  was 
surrounded,  moves  forward  in  a  sensible  current 
to  fill  the  vacuity.  Likewise,  when  a  condensa- 
tion of  vapor  in  the  atmosphere  suddenly  takes 
place,  giving  rise  to  clouds  which  speedily  dissolve 
in  rain,  the  temperature  of  the  surrounding  air  is 
sensibly  altered,  and  the  colder  rusiiing  in  upon 
the  warmer,  gives  rise  to  a  sudden  gust  of  wind. 
In  regard  to  the  particular  causes  which  produce 
the  various  winds  which  prevail  in  different  regions 
of  the  globe,  different  opinions  have  been  enter- 
tained by  philosophers.  And,  therefore,  instead 
of  e.Kamining  theories  and  doubtful  opinions  on 
this  subject,  the  writer  will  confine  himself  to  the 
statement  of  a  few  facts  respecting  the  different 
species  of  winds  as  they  are  found  to  operate  in 
different  countries. 

2.  General  or  permanent  winds. — Winds  are 
commonly  divided  into  three  classes,  namely, 
general,  periodical,  and  variable  winds.  General 
winds  are  those  which  are  permanent,  and  blow 
always  in  the  same  direction,  and  have  received 
the  name  of  trade-winds.  These  winds  prevail 
chiefly  within  the  tropics,  and  a  few  degrees  be- 
yond. On  the  north  of  the  equator  their  direc- 
tion is  from  the  north-east,  varying  at  times  a 
point  or  two  of  the  compass  each  way.  On  the 
south  of  the  equator,  they  proceed  from  the  souih- 
M8t.     These  winds  constantly  range  in  one  direc- 


tion, but  never  extend  farther  than  30°  from  the 
equinoctial,  either  north  or  south.  In  the  Atlan- 
tic and  Pacific  oceans,  under  the  equator,  the 
wind  is  almost  always  easterly;  more  to  the  north- 
ward, it  generally  blows  between  the  north  and 
east;  and,  more  to  the  southward  of  the  equator, 
it  blows  between  the  south  and  east.  The  origin 
of  these  winds  appears  to  be  as  follows: — the 
powerful  heat  of  the  torrid  zone  rarefies  the  air  of 
that  region;  in  consequence  of  this  rarefaction, 
the  air  rises,  and,  to  supply  its  place,  a  colder  body 
of  air  from  each  of  the  temperate  zones,  moves 
toward  the  equator.  But  these  north  and  south 
winds  pass  from  regions  where  the  rotatory  motion 
of  the  earth's  surface  is  less,  to  those  where  it  is 
greater.  Unable  at  once  to  acquire  this  new  ve- 
locity, they  are  left  behind;  and,  instead  of  being 
north  and  south  winds,  as  they  would  be  if  the 
earth's  surface  did  not  turn  round,  they  become 
north-east  and  south-east  winds. 

3.  Periodical  winds,  or  monsoons. — Those  winds, 
which  blow  in  a  certain  direction  for  a  time,  and, 
at  certain  stated  seasons,  change,  and  blow  for  an 
equal  space  of  time  from  the  opposite  point  of  the 
compass,  are  called  rnonsoons.  During  the  months 
of  April,  May,  June,  July,  August,  and  Septem- 
ber, the  wind  blows  from  the  southward  or  south- 

. eastward  over  the  whole  length  of  the  Indian 
ocean,  namely,  between  the  parallels  of  28°  north, 
and  28°  south  latitude,  and. between  the  eastern 
coast  of  Africa,  and  the  meridian  that  passes 
through  the  western  part  of  Japan;  but,  in  the 
other  months,  October,  November,  December, 
January,  February,  and  March,  the  winds  in  all 
the  parts  of  the  Indian  ocean  shift  round,  and 
blow  directly  contrary  to  the  course  they  held  in 
the  former  six  months.  These  winds  suffer  par- 
tial changes  in  particular  places,  owing  to  the 
form  and  position  of  the  lands,  and  other  circum- 
stances. When  they  shift,  or  when  the  south- 
west monsoon  is  about  to  commence,  it  is  ushered 
in  by  vast  masses  of  clouds  from  the  Indian 
ocean,  accompanied  with  violent  blasts  of  wind, 
which  are  succeeded  by  floods  of  rain,  during 
which,  the  lightnings  flash  without  intermission, 
and  tlie  thunders  roll  with  loud  and  deafening 
peals;  and,  when  it  ceases,  the  rain  pours  down 
in  large  volumes.  This  terrific  commotion  of 
the  elements  lasts  for  many  days. 

4.  Land  and  sea-breezes. — These  are  another 
kind  of  periodical  winds  which  are  common  on 
the  coasts  and  islands  situated  between  the  tropics. 
During  the  day,  the  wind  blows  for  a  certain 
number  of  hours  from  the  sea  to  the  land;  but, 
when  evening  arrives,  it  changes  its  direction, 
and  blows  as  many  hours  from  the  land  to  the  sea. 
The  cause  of  these  alternations  appears  to  be  aa 
follows: — water,  being  a  better  conductor  of  heat 
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than  earth,  is  always  of  a  more  even  tempera- 
ture. During  the  day,  therefore,  tlie  land  becomes 
considerably  heated,  the  air  rarefied,  and,  conse- 
quently, in  the  afternoon,  a  breeze  sets  in  from 
the  sea,  which  is  less  heated  at  tiiat  time  than  the 
land.  On  the  other  hand,  during  the  night,  the 
earth  loses  its  surplus  heat,  while  the  sea  con- 
tinues more  even  in  its  temperature.  Toward 
morning,  therefore,  a  breeze  regularly  proceeds 
from  the  land  toward  the  ocean,  where  the  air 
is  warmer,  and,  consequently,  more  rarefied  than 
on  the  shore. 

5.  Variable  winds. — In  most  countries  to  the 
north  and  soutli  of  the  tropics,  the  winds  are  very 
irregular  and  uncertain,  and  vary  in  tlieir  direc- 
tion at  certain  seasons  of  the  year.  In  Germany, 
the  east  wind  is  most  frequent  at  Gottingen,  Mu- 
nich, Weissemburg,  Dusseldorf,  Erford,and  Buda; 
the  south-east,  at  Prague  and  Wirtzburg  ;  the 
north-east,  at  Ratisbone;  qgid  the  west,  at  Man- 
heim  and  Berlin.  Along  the  whole  south-west 
of  France,  the  wind  blows  most  frequently  from 
the  north,  north-west,  and  north-east;  on  the  west 
coast,  from  the  west,  north-west,  and  south;  and, 
on  the  north  coast,  from  the  south-west.  In 
Great  Britain,  the  north-east  and  south-west 
winds  more  frequently  prevail,  along  with  occa- 
sional north-west  and  south-east  winds.  From 
ten  years'  registers  kept  by  the  Royal  Society,  it 
appears  that,  in  London,  the  winds  blow  in  the 
following  order  :  from  the  south-west,  112  days; 
north-east  58;  north-west,  50;  west,  53;  south- 
east, 32;  east,  26;  south,  18;  north,  16.  From 
the  same  register,  it  appears  that  the  south-west 
wind  blows  at  an  average  more  frequently  than 
any  other  wind  during  every  month  of  the  year; 
thai  the  north-east  blows  most  constantly  during 
January,  March,  April,  May,  and  June,  and  that 
the  north-west  wind  blows  oftener  from  Novem- 
ber to  March,  and  more  seldom  during  September 
and  October,  than  any  other  months.  In  Scot- 
land, the  south-west  is  by  far  the  most  frequent 
wind  over  all  the  country,  especially  on  the  west 
coast.  At  Edinburgh,  the  westerly  winds  have 
been  found  to  blow  230  days,  and  the  easterly  135. 
At  Saltcoats,  in  Ayrshire,  the  south-west  wind 
blows  three-fourths  of  the  year,  and  along  the 
whole  coast  of  Moray,  on  the  north-east  side  of 
Scotland,  it  blows  for  two-thirds  of  the  year. 
East  winds  are  common  over  all  Britain,  during 
April  and  May,  but  their  influence  is  felt  most 
severely  on  the  eastern  coast. 

In  our  northern  region,  winds  seldom  excite 
much  alarm,  nor  are  they  often  attended  with  the 
disastrous  results  which  are  frequent  in  the  tropi- 
cal regions.  It  has,  liowever,  sometimes  hap- 
pened, even  in  England,  that  winds  have  produced 
the  most  appalling  and  destructive  effects.  In 
the  great  storm  which  happened  on  the  27th  of 
December,  1703,  the  extraordinary  power  of  the 
wind  created  a  noise  hoarse  and  dreydfiil,  like  thun- 
der, which  appalled  every  heart.  Horror  and  con- 
fusion seized  upon  all,  whether  on  land  or  at  sea. 
One  hunilred  and  twenty-tliree  persons  were  killed 
by  the  falling  of  dwellings,  among  whom  were 
the  bishop  of  Bath  and  his  lady,  by  the  fall  of  the 
episcopal  palace.  Eight  thousand  perished  in  the 
Severn  and  the  Thames,  and  in  ships  blown  awaj', 
and  never  heard  of  afterward.  Laud,  houses,  i 
churches,  corn,  trees,  rivers — all  were  damaged  : 
by  its  fury.  Small  buildings  were  swept  away  ! 
as  chaff  before  the  whirlwind;  above  800  dwel- 
ling-houses were  laid  in  ruins:  2000  stacks  of 
chimneys  were  blown  down  in  London;  15,000 
sheep  were  destroyed  on  the  banks  of  the  Severn, 
aud  20,000  in  the  county  of  Kent;  300  ships,  500 


wherries,  300  ship-boats,  and  100  lighters  and 
barges,  were  entirely  lost.  The  Eddy*tone  Light- 
house was  precipitated  in  the  surrounding  ocean, 
along  with  its  ingenious  architect  and  those  that 
were  with  him.  The  damage  done  in  the  city  of 
London  alone,  by  this  storm,  was  computed  at 
above  two  millions  of  pounds  sterling  !  Such  are 
some  of  the  dreadful  effects  of  that  invisible  fluid 
which  surrounds  us,  when  put  in  rapid  motion  by 
the  force  of  currents.  Light  as  its  particles  seem 
to  be,  no  human  wisdom  or  power  can,  in  such 
cases,  avert  its  force,  or  withstand  its  dreadful  and 
destructive  agency,  in  allusion  to  wliich  the  Al- 
mightjr  is  represented  as  riding  "  on  the  wings  of 
the  wind,"  and  directing  "  the  whirlwind  and  the 
storm." 

6.  liorious  and  poisonous  winds. — These  winds 
prevail  most  generally  in  southern  climes.  Of 
these,  the  harmattan  is  a  very  singular  wind, 
which  blows  periodically  from  the  interior  parts 
of  Africa  toward  the  Atlantic  ocean.  The  season 
in  which  it  prevails  is,  during  the  months  of  De- 
cember, January,  and  February.  It  comes  on  at 
any  hour  of  the  day,  and  continues  five  or  six 
days;  and  there  are  generally  three  or  four  returns 
of  it  every  season.  This  wind  is  distinguished 
by  a  fog  or  haze,  and  extreme  dryness;  no  dew 
falls  during  its  continuance,  vegetables  wither, 
and  the  grass  becomes  dry  like  hay.  The  dryness 
is  so  extreme  that  the  covers  of  books,  though 
closely  shut  up  in  a  trunk,  are  bent  as  if  exposed 
to  the  fire.  Household  furniture  is  damaged, 
panels  of  wainscots  split,  and  veneered  work  lliea 
to  pieces.  The  human  body,  likewise,  feels  the 
parching  effects  of  the  liarmattan  :  the  eyes,  nos- 
trils, lips,  and  palate,  are  rendered  dry  and  uneasy; 
the  lips  and  nose  are  inflamed,  and  there  is  a 
troublesome  sensation  of  pricking  heat  on  the 
skin.  If  the  harmattan  continue,  the  scarf-skin 
peels  off,  first  from  the  hands  and  feet,  and  after- 
ward from  the  rest  of  the  body. 

The  sirocco  is  a  wind  which  resembles,  in  some 
of  its  effects,  the  harmattan.  It  sometimes  blows 
for  several  days  together,  and  its  medium  heat  is 
calculated  at  112°;  it  is  fatal  to  vegetation,  and 
destructive  to  mankind,  especially  to  those  who 
are  not  natives  of  the  countrj^;  it  depresses  the 
spirits  in  an  unusual  degree ;  it  suspends  the 
powers  of  digestion  in  such  a  manner,  that  those 
who  venture  to  eat  a  heavy  supper  generally  die 
during  the  night.  The  sick  frequently  sink  under 
the  pressure  of  their  diseases,  so  that  it  is  cus- 
tomary, in  the  morning  after  this  wind  has  con- 
tinued a  whole  night,  to  inquire  who  is  dead. 
During  the  continuance  of  this  wind,  all  nature 
appears  to  languish,  vegt-tation  withers  and  dies, 
the  beasts  of  the  field  droop;  the  animal  spirits 
are  too  much  exhausted  to  admit  of  the  least  bo- 
dily exertion,  and  tiie  spring  and  elasticity  of  the 
air  appear  to  be  lost.  In  the  city  of  Palermo,  in 
Sicily,  where  it  frequently  prevails,  the  inhabit- 
ants shut  their  doors  and  windows  to  exclude  the 
air  ;  where  there  are  no  window-shutters,  wet 
blankets  are  hung  on  the  inside  of  the  windows, 
and  the  servants  are  kept  constantly  employed  in 
sprinkling  tlie  apartments  with  water,  and  the 
streets  and  avenues  of  the  city  appear  at  such 
times  to  be  nearly  deserted.  This  wind  is  fre- 
quently felt  in  Greece,  Italy,  the  Levant,  and 
other  parts  of  southern  Europe;  it  is  occasioned 
by  currents  of  heated  air  from  the  deserts  of  Za- 
hara  in  Africa;  but  happily  it  is  not  of  long  con- 
tinuance. In  Sicily,  it  seldom  lasts  longer  thail 
thirty-six  or  forty  hours. 

The  samiei,  or  mortifying  wind,  is,  perhaps 
beyond  all  others,  dreadful  in  its  effects.     It  gena- 
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rally  blows  on  the  southern  coasts  of  Arabia,  and 
tho  desserts  near  the  city  of  Bagdad;  and  is  sup- 
posed to  have  been  the  pestilence  of  tlie  ancients, 
frequently  killing  all  those  who  are  involved  in 
its  passage.  What  it?  ualignity  consists  in,  none 
can  tell,  as  no  one  has  ever  survived  its  effects  to 
give  information.  It  has  been  said  that  it  fre- 
quently assumes  a  visible  form,  and  darts  in  a 
kind  of  bluish  vapor  along  the  surface  of  the 
country.  The  natives  of  Persia  and  Arabia  ta|k 
of  its  etiects  with  terror;  they  describe  it  as  under 
the  conduct  of  a  minister  of  vengeance,  who 
governs  its  terrors,  and  raises  or  depresses  it  as  he 
tiiinks  proper.  The  camels,  either  by  instinct  or 
experience,  have  notice  of  its  approach,  and  are 
60  well  aware  of  it,  that  they  are  said  to  make  an 
unusual  noise,  and  cover  their  noses  in  the  sand. 
It  blows  over  the  desert  in  the  months  of  July 
and  August,  and  rushes  with  violence  to  the  very 
gates  of  Bagdad,  but  never  injures  any  person  in 
the  city.  To  escape  its  effects,  travelers  throw 
themselves  as  close  as  possible  to  the  ground,  and 
wait  until  it  has  passed  by,  which  is  commonly  a 
few  ininutes.  As  soon  as  they  who  have  life  dare 
to  rise  up,  they  examine  how  it  fares  with  their 
companions  by  pulling  at  their  arms  or  legs;  for, 
if  they  are  destroyed  by  the  wind,  their  limbs  are 
absolutely  mortified,  and  will  come  asunder.  An 
extraordinary  blasting  wind  is  felt  occasionally  at 
Falkland's  Islands,  but  it  seldom  continues  above 
twenty-four  hours.  It  cuts  tho  herbage  down  as 
if  fires  had  been  made  under  it,  so  that  the  leaves 
are  parched  up  and  crumbled  into  dust.  Fowls 
are  seized  with  cramp,  so  as  never  to  recover;  and 
men  are  oppressed  with  a  stopped  perspiration, 
heaviness  at  the  breast,  and  sore  throats. 

The  simoon  is  a  hot  wind  which  prevails  in 
Egypt,  Arabia,  Syria,  and  the  adjacent  countries. 
When  it  begins  to  blow  in  Arabia,  the  atmospliere 
assumes  an  alarming  aspect.  The  sky  becomes 
dark  and  heavy,  the  sun  loses  his  splendor,  and 
becomes  of  a  violet  color,  and  the  air  is  thick  from 
the  subtile  dust  with  which  il  is  loaded.  At  first, 
the  wind  is  light  and  rapid,  and  not  remarkably 
hot;  its  temperature,  however,  soon  increases, 
until  it  ranges  at  upward  of  128°.  When  it 
occurs,  all  animated  bodies  discover  it  by  the 
change  it  produces  in  them.  The  lungs  are  con- 
tracted and  become  painful,  respiration  is  short 
and  difficult,  the  skin  parched  and  dry,  and  the 
body  consumed  by  an  internal  heat.  'I'he  streets 
are  deserted,  and  the  dead  silence  of  night  reigns 
everywhere.  The  inhabitants  of  towns  and  vil- 
lages shut  themselves  up  in  their  houses,  and  those 
of  the  desei-t  in  their  tents,  or  in  wells  dug  in  the 
earth,  where  they  wait  the  termination  of  this 
destructive  heat.  The  only  refuge  travelers  have 
from  it  is,  to  fall  down  with  their  faces  close  to 
the  ground,  and  to  continue  as  long  as  possible 
without  drawing  in  their  breath.  Mr.  Bruce  thus 
describes  it,  in  his  journey  through  the  desert : — 
"At  eleven  o'clock,  while  we  contemplated  the 
top  of  Chiggre,  where  we  were  to  solace  our-  , 
selves  with  water,  Idris,  our  guide,  cried  out  with  i 
a  loud  voice,  'Fall  upon  your  faces,  for  here  is 
the  simoon.'  I  saw  from  the  soutii-east  a  haze, 
in  color  like  the  purple  part  of  the  rainbow,  which 
did  not  occupy  twenty  yards  in  breadth,  about' 
twelve  feet  from  the  ground,  and  it  moved  very 
rapidly,  for  I  could  scarce  turn  to  fall  upon  the 
ground,  with  my  head  to  the  north,  wlien  I  felt 
the  heat  of  its  current  plainly  on  my  face.  We 
all  lay  flat  on  the  ground  as  if  dead,  until  Idris 
told  us  it  was  blown  over.  The  meteor  or  purple 
haze  which  I  saw  was  indeed  passed,  but  the  light  I 
air  wliich  still  blew  was  of  heat  to  threaten  suf-  i 


focation.  For  my  part,  I  found  distinctly  in  my 
breast  that  I  had  imbibed  a  part  of  it,  nor  was  1 
free  from  an  asthmalic  affection  until  I  was  in 
Italy  two  years  afterward." 

Hurricanes  are  violent  tempests  of  wind,  ac- 
companied with  thunders  and  lightnings,  rain,  or 
hail.  These  fearful  concussions  of  the  atmo- 
sphere hap])en  most  frequently  in  the  range  of 
the  West  India  Islands,  and  about  the  Cape  of 
Good  Hope.  The  forerunner  of  these  hurricanes, 
when  first  seen,  is  only  like  a  small  black  spot  on 
the  verge  of  the  horizon,  called  by  sailors  the 
bull's  eye.  All  this  time  a  perfect  calm  reigns 
over  sea  and  land,  while  at  length,  coming  to  the 
place  where  its  fury  is  to  fall,  it  invests  the  whole 
horizon  with  darkness.  During  its  approach,  a 
hollow  murmur  is  heard  in  the  cavities  of  the 
mountains,  and  animals,  sensible  of  its  approach, 
run  over  the  fields  to  seek  for  shelter.  Nothing 
can  be  more  terrible  than  its  violence  when  it 
begins.  The  sun,  vvnich,  but  a  moment  before, 
blazed  in  meridian  splendor,  is  totally  shut  out, 
and  a  midnight  darkness  prevails,  except  that  the 
air  is  incessantly  illuminated  with  gleams  of  light- 
ning, so  vivid  that  one  can  see  to  read,  and  the 
rain  pours  down  in  torrents.  All  the  elements 
seem  to  arm  themselves  for  the  destruction  of 
human  labors,  and  even  of  the  scenes  of  nature 
herself.  The  velocity  of  the  wind  is  such,  that 
corn,  vines,  sugar-canes,  forests,  houses,  boats, 
ships,  are  swept  away,  or  buried  in  the  deep. 

A  tornado  is  a  sudden  and  violent  gust  of  wind 
from  all  points  of  the  compass.  It  partakes  some- 
what of  the  nature  of  a  hurricane,  but  is  still 
more  violent  in  its  effects.  The  winds  seem  to 
blow  from  every  quarter,  and  settle  upon  one  des- 
tined place,  with  such  fury  that  nothing  can  re- 
sist their  vehemence.  When  they  have  met  in 
their  central  spot,  the  whirlwind  begins  with  cir- 
cular rapidity.  The  sphere  every  moment  widens, 
as  it  continues  to  turn,  and  catches  every  object 
that  lies  within  its  attraction.  The  mariner, 
within  the  reach  of  its  influence  at  sea,  must  try 
all  his  power  and  skill  to  avoid  it,  which,  if  he  faU 
of  doing,  there  is  the  greatest  danger  of  his  going 
to  the  bottom.  Tornadoes  most  frequently  rage 
along  the  coasts  of  Guinea,  and  other  parts  of 
western  Africa. 

Such  are  a  few  brief  sketches  of  the  phenome- 
na of  noxious  and  stormy  winds.  It  is  evident 
that  they  did  not  exist  in  the  primitive  state  of 
our  globe;  for  the  operation  of  such  agents  of 
terror  and  destruction  appears  altogether  incon- 
sistent with  the  idea  that  man  is  at  present  in  a 
paradisaical  state,  and  possessed  of  that  innocence 
and  moral  purity  in  which  he  was  created.  It 
appears  incompatible  with  the  idea  of  an  Almighty 
Intelligence,  possessed  of  boundless  benevolence, 
that  innocent  beings  should  be  so  frequently  sub- 
jected to  the  influence  of  such  dreadful  agents, 
by  which  they  are  swept  from  the  livii^g  world  in 
a  manner  so  appalling  and  terrific.  Man  is, 
therefore,  a  creature  who  has  fallen  from  his  pri- 
mitive state  of  integrity;  and  such  fearful  agents, 
and  many  others,  as  the  volcano  and  the  earth- 
Tjuake,  are  so  many  proofs  and  evidences  of  the 
depravity  and  fallen  state  of  the  human  race; 
otherwise  they  would  not  be  permitted  t*^  inhabit 
a  world  where  so  many  destructive  influences  are 
in  operation.  An  important  change  appears  to 
have  taken  place  in  the  constitution  of  the  atmo- 
sphere at  the  period  of  the  universal  deluge,  which 
probably  may  have  given  rise  to  many  of  the  phy- 
sical evils  connected  with  this  part  of  our  terrea- 
trial  system;  which  may,  in  after  ages,  be  in  a 
great  measure  removed,  when  the  earth  sjiail  be 
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cultivated  thronghout  its  whole  extent,  and  uni- 
versal j)eace  and  hrothcriiood  prevail  among  all 
nations.  Notvvithstandin<r,  however,  the  occa- 
sional operation  of  these  destructive  agents  to 
which  we  allude,  the  arrangements  connected 
with  our  glohe,  in  their  prominent  hearings,  and 
considered  as  a  whole,  evidently  displaj'  the  long- 
suffering,  the  tender  mercy,  and  the  goodness 
of  Jehovah,  and  should  lead  us  to  humble  our- 
selves in  his  presence,  under  a  sense  of  our  mani- 
fold deviations  from  the  path  of  his  command- 
ments. 

The  velocity  of  winds  varies,  from  the  gentlest 
breeze  or  an  imperceptible  movement,  to  a  hundred 
miles  an  hour.  Light  airs  may  be  considered  as 
moving  at  the  rate  of  from  one  to  three  miles  an 
hour,  or  from  a  foot  and  a  half,  to  four  feet  and 
two-fifths,  per  second;  a  breeze,  from  four  to  six 
miles  an  hour;  a  brisk  gale,  from  ten  to  sixteen 
miles  an  hour;  a  fresh  gale,  from  twenty  to  tvven- 


I  fy-five  miles;  a  strong  gule,  from  thirty  'o  thirty- 
five  miles;  a  liard  gule,  from  forty  to  forty-five 
miles;  a  storm  or  tempest,  fifty  miles;  a  great 
storm,  sixty  miles;  a  hurricane,  eighty  mili's;  a 
violent  hurricane,  tearing  up  trees,  throwing  down 
houses,  etc.,  moves  at  the  rate  of  one  hundred 
miles  an  hour. 

Notwithstanding  the  occasional  ravages  of 
winds,  they  produce  many  beneficial  effects  in  the 
system  of  nature.  They  serve  as  ventilators  foi 
purifying  the  atmosphere;  they  dispel  fogs  and 
noxious  vapors;  they  agitate  the  waters  of  the 
ocean,  and  prevent  them  from  stagnation  and  pu- 
trefaction; in  the  heat  of  summer  they  fan  us 
with  gales  and  gentle  breezes.  By  their  mechani- 
cal force,  windmills  and  other  machinery  are  set 
in  motion,  and  ships  impelled  across  seas  and 
oceans  to  the  remotest  corners  of  the  globe,  tr- 
promote  commerce,  learning,  religion,  and  the 
mutual  intercourse  of  human  beings. 
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1.  The  Aurora  Borealis. — This  is  one  of  the 
most  splendid  phenomena  which  appears  in  the 
visible  sky,  especially  when  its  coruscations  dif- 
fuse themselves  over  the  whole  face  of  the  hea- 
vens. The  appearances  of  the  aurora  may  be 
arranged  under  the  following  particulars: — 1.  A 
horizontal  light,  like  the  morning  twilight  or 
break  of  day.  This  light  generally  appears  in 
the  north  or  north  by  west,  and  sometimes  seems 
as  if  it  broke  out  from  a  few  darkish  clouds.  2. 
Fine,  slender,  luminous  beams,  well-defined,  and 
of  a  dense  light.  These  frequently  continue  a 
half  or  a  whole  minute,  apparently  at  rest,  but 
more  frequently  with  a  quick  lateral  motion,  that 
is,  from  east  to  west,  or  the  contrary.  .3.  Flashes 
pointing  upward,  or  iu  the  same  direction  with 
the  beams,  which  they  always  succeed.  These 
are  only  momentary,  and  have  no  lateral  motion, 
but  they  are  generally  repealed  many  times  in  a 
minute.  They  appear  much  broader,  more  dif- 
fuse, and  of  a  weaker  light  than  the  beams;  they 
grow  gradually  fainter  until  they  disappear,  and 
sometimes  continue  for  several  hours,  dashing  at 
intervals.  Sometimes  they  are  confined  chiefly 
to  the  northern  region  of  the  heavens,  and  at 
other  times  illuminate  the  whole  sky  with  their 
fantastic  coruscations.  Such  are  some  of  the 
general  appearances  of  the  aurora  borealis,  but 
they  are  strikingly  varied  at  different  times,  and 
it  is  ditficult  accurately  to  describe  the  shifting 
and  splendid  phenomena  they  present. 

The  aurora  has  been  occasionally  seen  in  all 
ages:  it  is  spoken  of  by  Herodotus,  Xenophon, 
Diodorus  Siculus,  Homer,  Virgil,  and  Ossian,  the 
Highland  bard.  Aristotle,  in  liis  work  on  me- 
teors, describes  it  as  "an  appearance  observed  by 
night  in  calm  weather,  resembling  flame  mingled 
with  smoke,  or  the  distant  appearance  of  burning 
stubble;  the  predominant  colors  being  purple, 
bright  red,  and  blood  color."  It  has  been  more 
frequently  observed  iu  Great  Britain  since  the 
year  1716,  when,  on  the  Gth  of  March,  it  appear- 
ed with  a  splendor  which  attracted  universal  at- 
tention, and  was  considered  by  many  as  prognostic 
of  wars,  famine  and  pestilence,  and  a  foreign  race 
of  princes. 

The  following  is  a  description  of  an  aurora,  as 
Been  by  Dr.  Dalton; — ^"Attention  was  first  excited 


by  the  remarkably  red  appearance  of  the  clouds 
to  the  south,  which  afforded  sufficient  light  to  read 
by  at  eight  o'clock  in  the  evening,  though  there 
was  no  moonlight  in  the  north.  From  half-past 
nine  to  ten,  p.  m.,  there  was  a  large  luminous 
horizontal  arch  to  the  southward,  and  one  or  more 
concentric  arclies  northward.  At  half-past  ten 
o'clock,  streamers  appeared  very  low  in  the  south- 
east, running  to  and  fro  from  west  to  south;  they 
increased  in  number,  and  began  to  approtjcii  the 
zenith  apparently  with  an  accelerated  velocity, when 
all  of  a  sudden  the  whole  hemisphere  was  covered 
with  them,  and  exhibited  such  an  appearance  as 
surpasses  all  description.  The  intensity  of  the 
light,  the  prodigious  number  and  velocity  of  the 
beams,  the  grand  intermixture  of  all  the  primitive 
colors  in  their  utmost  splendor,  variegating  the 
glowing  canopy  with  the  most  enchanting  scenery, 
afforded  an  awful,  but,  at  the  same  time,  pleasing 
and  most  sublime  spectacle.  Every  one  gazed 
with  astonishment,  but  the  uncommon  grandeur 
of  the  scene  lasted  only  one  minute;  the  variety 
of  colors  disappeared,  and  the  beams  were  con- 
verted into  the  flashing  radiations;  but  even  then 
it  surpassed  all  other  appearances  of  the  aurora; 
in  short,  the  whole  hemisphere  was  covered  with 
it." 

The  writer  had  occasion  to  witness  a  splendid 
and  somewhat  terrific  display  of  this  phenome- 
non, in  the  vicinity  of  Dundee,  on  the  17th  No- 
vember, 1835.  A  little  before  nine  o'clock,  p.  la., 
the  coruscations  first  began  to  appear,  which  in  a 
short  time  diffused  all  the  brightness  which  ap- 
pears in  a  moonlight  evening.  About  ten  o'clock, 
the  aurora  shone  in  all  its  splendor,  when  corus- 
cations, or  streams  of  light,  more  than  thirty  or 
forty  degrees  in  length,  appeared  to  issue  from  a 
central  point  near  the  zenith,  and  to  extend  them- 
selves in  every  direction,  south,  north,  east,  and 
west,  like  the  meridians  on  an  artificial  globe. 
The  most  singular  feature  displayed  by  this  auro- 
ra was  that  of  a  number  of  streams  of  light  of  a 
dark  red  color,  like  blood,  and  resembling  expan- 
sive sheets  of  flame,  which  were  seen  in  all  di- 
rections mingling  their  streams  with  the  more  bril- 
liant yellow  coruscations,  and  giving  to  the  whole 
celestial  concave  an  appearance  of  terrific  gran- 
deur, which  seemed  to  impress  the  mind  of  every 


THE  Al  RORA  BOREALIS. 


43 


oeholder  with  awe  and  terror.  This  display  con- 
tinued duriug  tlie  night  until  four  o'clock  next 
morning,  and  was  visible  over  the  whole  island 
of  Great  Britain.  In  London,  it  produced  such 
an  effect,  that  the  policemen,  ignorant  of  its  na- 
ture, liurried  to  and  fro  through  all  the  avenues 
of  that  city  in  search  of  fires,  which  they  imagined 
had  burst  forth  from  every  quarter.  On  the  even- 
ing of  September  29,  1847,  about  ten  o'clock,  a 
brilliant  and  rather  uncommon  aurora  made  its 
appearance,  near  Dundee.  The  sky  was  strong!} 
illuminated  in  the  north,  and  numbers  of  spiral 
coruscations  shot  upward  toward  the  zenith.  But 
its  most  striking  peculiarity  was  tiiat,  on  a  sud- 
den, and  in  a  portion  of  the  sky  which  was  per- 
fectly clear,  an  immense  stream  of  light  began  to 
blaze  with  a  quivering  motion,  like  a  huge  ser- 
pent, or  in  a  form  like  the  letter  s,  extending  forty 
or  lifty  degrees  in  length,  and  several  degrees  in 
breadth.  Such  streams  of  brilliant  light,  which 
appeared  and  vanished  with  all  the  rapidity  of 
lightning,  were  to  be  seen  over  most  regions  of 
the  sky. 

This  phenomenon  appears  more  frequently,  and 
displays  itself  in  still  greater  splendor  in  the  polar 
regions  than  in  our  country.  It  is  also  said  that, 
in  those  regions,  a  hissing  sound  is  heard  during 
its  continuance.  During  the  long  nights  of  win- 
ter in  those  countries,  particularly  in  Lapland  and 
Greenland,  its  radiations,  along  with  the  light  of 
the  heavenly  bodies,  are  sufficient  to  guide  the  in- 
habitants in  their  journeys,  and  to  enable  them  to 
engage  in  all  the  other  avocations  of  life.  In  the 
northern  parts  of  Siberia,  the  aurora  begins  with 
single  bright  pillars  rising  in  the  north,  which  gra- 
dually increasing,  comprehend  a  large  space  in  the 
heavens,  rusli  about  from  place  to  place  with  in- 
credible velocity,  and  at  last  cover  almost  the  whole 
eky  up  to  the  zenith,  and  produce  an  appearance 
as  if  a  vast  tent  were  expanded  in  the  heavens 
glittering  with  gold,  rubies,  and  sapphires.  It  has 
been  found  likewise,  that  these  brilliant  pheno- 
mena are  visible  in  the  south  polar  regions  as  well 
as  in  the  north.  The  general  appearance  of  the 
aurora  borealis  is  pretty  well  described  by  Thom- 
son, the  poet  of  the  "  Seasons." 

"  Silent  from  the  north 
A  blaze  of  meteors  shoots;  ensweeping  first 
The  lower  skies,  they  all  at  once  converge 
High  to  the  crown  of  heaven,  and  all  at  once 
Relapsing  qnick,  as  quickly  re-ascend 
And  mix  ami  thwart,  extinguish  an(i  renew 
All  ether  coursing  in  a  maze  of  light." 

Various  opinions  have  been  formed  as  to  the 
cause  which  produces  the  phenomena  of  the  au- 
rora. Most  philosophers  seem  to  agree  that  it' is 
of  an  electrical  nature,  as  its  appearance  can  be 
imitated  by  artificial  electricity.  Dr.  Faraday  con- 
siders it  as  higlily  probable,  "  that  it  is  a  lumi- 
nous accumulation  of  electricity  flowing  from  the 
equator  to  the  poles,  for  the  restoration  of  electric 
equilibrium."  But  whatever  may  be  the  physical 
cause  of  the  aurora,  it  presents  to  our  view  one  of 
the  most  beautiful,  sublime,  and  at  the  same  time 
awful  and  mysterious  phenomena  which  appear  in 
our  sky — while  its  coruscations  sometimes  cover 
with  inconceivable  magnificence,  the  concave  of 
the  whole  hemisphere,  changing  their  positions 
every  moment,  now  resembling  vast  pyramids,  or 
innumerable  columns,  now  vanishing  in  a  moment, 
leaving  the  heavens  somber  and  black,  and  now 
returning  with  increased  splendor,  shedding  a 
matchless  glory  over  the  heavens.  Such  striking 
phenomena  evidently  display  the  majesty  and 
glory  of  the  Creator  and  his  power  to  cause  the 
juvisible  elements  of  nature  to  produce  the  most 


grand  and  diversified  scenerj' — and  although  their 
mode  of  operation  is  not  thoroughly  discovered, 
they  are,  doubtless,  intended  to  subserve  beneficial 
purposes  in  the  system  of  creation. 

2.  Luminous  arches. — These  are  somewhat  strik» 
ing  phenomena,  which  sometimes  precede,  or  ac- 
company the  aurora  borealis,  but  they  make  their 
appearance  only  at  very  distant  intervals.  The 
writer  has  seen  only  four  or  five  of  these  arches 
within  the  space  of  the  last  thirty  years.  One  of 
the  most  brilliant  of  the  arches  appeared  on  the 
27th  of  August,  1846.  and  was  first  perceived 
a  few  minutes  before  nine  o'clock  in  the  evening. 
It  was  a  grand  and  beautiful  luminous  arch,  which 
stretched  from  one  side  of  the  heavens  to  the 
other,  forming  a  most  resplendent  object  in  a  clear 
and  serene  .sky.  Its  highest  point  was  about 
seventy-five  degrees  above  the  southern  horizon — 
a  little  above  the  brilliant  star  Vega  LyriE.  Liko 
all  the  other  arches  of  this  kind  he  has  seen,  it  haa 
a  gradual  motion  downward  toward- the  southern 
horizon,  so  that  in  the  course  of  twenty  minutes 
it  was  considerably  below  the  star  now  mentioned. 
Its  direction  was  from  east  by  north,  to  west  by 
soutli,  or  nearly  at  right  angles  with  the  magnetic 
meridian — which  seems  to  indicate  that  it  is  con- 
nected with  the  operation  of  the  magnetic  princi- 
ple. This  is  the  exact  direction  of  all  the  luminous 
arches  now  referred  to,  and  they  are  all  evidently 
connected  with  the  appearance  of  the  aurora  bore- 
alis, and  may  be  considered  as  a  peculiar  modifica- 
tion of  tliis  phenomenon.  Its  breadth  was  greater 
than  that  of  a  common  rainbow;  there  appeared  no 
prismatic  colors,  but  a  pure  brilliant  white,  con- 
trasting most  beautifully  with  the  deep  azure  of 
the  sky.  An  aurora  appeared  at  the  same  time 
in  the  north  and  north-west,  but  its  coruscations 
were  not  very  vivid,  and  continued  only  for  a 
very  short  time.  The  arch  began  first  gradually 
to  disappear  at  its  extremities,  near  the  eastern 
and  western  horizon,  and,  about  forty  minutes  after 
having  been  first  seen,  it  was  completely  dissipated. 
The  hight  of  such  phenomena  above  the  earth 
has  been  variously  estimated.  Euler  estimated 
them  at  1000  miles;  Boscovich,  at  about  800; 
Bergman,  at  460;  and  Dr.  Dalton,  at  150  miles, 
which  is,  perhaps,  nearest  the  truth.  Whatever 
may  be  the  hight  of  the  luminous  arches,  we  have 
reason  to  believe  that  the  elevation  of  the  aurora 
borealis  above  the  earth  is  the  same,  as  they  evi- 
dently are  produced  by  the  operation  of  the  same 
cause. 

3.  Fire-halls. — These  are  a  species  of  luminous 
or  fiery  bodies,  which  are  occasionally  seen  to 
wing  their  flight  through  the  upper  regions,  with 
a  considerable  degree  of  velocity  and  splendor. 
In  tropical  climates,  these  bodies  are  more  fre- 
quently seen  than  in  our  more  temperate  regions. 
The  following  are  a  few  brief  descriptions  of  some 
of  the  meteors.  Mr.  Barham  relates  that,  wlien 
he  was  riding  in  Jamaica,  one  evening,  he  beheld 
a  ball  of  fire  apparently  about  the  bigness  of  a 
bomb,  swiftly  falling  down  with  a  great  blaze. 
Approaching  the  place  where  it  fell,  he  found  the 
ground  strangely  broken  up  and  plowed,  and 
several  holes  appeared  of  the  bigness  of  a  man's 
head,  and  all  the  green  herbage  burned  up  near 
the  holes;  at  the  same  time,  a  strong  smell  of 
sulphur.  In  the  year  1676,  a  great  globe  of  fire 
was  seen  at  Bononia,  iu  Italy,  about  forty  mi- 
nutes after  sunset.  It  passed  with  a  most  rapid 
course,  and  at  the  rate  of  not  less  than  one  hun- 
dred and  sixty  miles  a  minute,  and  at  last  stood 
over  the  Adriatic  sea.  It  crossed  all  Italy  in  its 
course,  and  by  computation,  it  was  found  that  it 
could  not  have  beeji  less  than  thirty-eight  miles 
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above  the  surface  of  the  earth.     Wherever  it  ap- 

Eroached,  the  inhabitants  below  could  distinctly 
ear  it,  with  a  iiissing  noise,  resembling  that  of  a 
firework.  It  was  heard  to  go  off  with  a  violent 
explosion.  Its  magnitude,  when  at  Bononia,  ap- 
peared twice  as  long  as  the  moon,  one  way,  and 
about  as  broad  the  other.  It  was  estimated  to  be 
a  mile  long  and  half  a  mile  broad. 

One  of  the  most  striking  and  extraordinary  me- 
teors of  this  kind  made  its  appearance  on  the  18th 
of  August,  1783,  about  nine  o'clock  in  the  even- 
ing. It  was  seen  in  all  parts  of  Great  Britain, 
from  the  Shetland  isles  to  the  English  channel, 
over  all  France,  and  tiie  greatest  part  of  Italy,  and 
is  supposed  to  have  described  a  tract  of  at  least 
one  thousand  miles  over  the  surface  of  the  earth. 
It  appears  to  have  burst  and  re-united  several 
times,  and  the  first  bursting  which  was  noticed 
was  somewhere  over  Lincolnshire,  in  England. 
Its  appearance  produced  universal  wonder  and 
alarm.  When  it  was  observed  at  Brussels,  the 
moon  appeared  quite  red,  and  the  illumination  was 
so  great  as  totally  to  obliterate  the  stars.  A  report 
was  heard  some  time  after  it  disappeared,  which 
was  loudest  in  Lincolnshire,  and  afterward  in  the 
eastern  parts  of  Kent.  A  hissing  sound  was  said 
also  to  accompany  its  progress.  At  Greenwich, 
two  bright  balls,  parallel  to  each  other,  led  the  way, 
and  were  followed  by  an  expulsion  of  eight  others. 
The  balls  were  tinted  first  with  a  pure  bright  light, 
then  followed  a  yellow  mixed  with  azure,  red,  and 
green,  which,  with  a  coalition  of  bolder  tints,  and 
a  reflection  from  the  other  balls,  gave  the  most 
beautiful  rotundity  and  variation  of  color  with 
which  the  human  eye  could  be  charmed.  The 
higlit  of  this  fireball  was  reckoned  at  from  seventy 
to  ninety  miles,  its  diameter  was  estimated  ;U 
nearly  two  miles,  and  its  velocity  at  about  1000 
miJes  a  minute.  The  same  year,  on  the  4th  of 
October,  at  forty-three  minutes  past  six  in  the 
evening,  another  meteor  appeared  nearly  of  the 
same  description,  but  much  smaller  aud  of  shorter 
duration.  It  was  first  perceived  to  the  northward 
as  a  stream  of  fiic,  like  the  common  shooting  stars, 
but  large;  and  presently  burst  out  into  that  in- 
tensely bright  bluish  flame,  which  is  peculiar  to 
such  meteors.  It  was  nearly  globular,  but  left 
behind  it  a  dusky  red  streak  of  fire.  After  mov- 
ing ten  degrees  in  this  state,  it  became  suddenly 
extinct  without  any  explosion.  Its  hight  was  es- 
timated at  between  forty  and  fifty  miles. 

As  to  the  physical  causes  which  produce  these 
extraordinary  meteors,  we  are  still  in  a  great  mea- 
sure ignorant.  The  general  opinion  among  phi- 
losophers is,  that  they  owe  their  origin  to  the  ope- 
ration of  electricity.  The  velocity  with  which 
these  meteors  wing  their  flight — the  electrical  phe- 
nomena attending  them,  the  lambent  flames  and 
sparks  proceeding  from  them — their  connection 
with  the  aurora  borealis,  on  whose  appearance  lu- 
minous balls  have  been  seen  formed  and  darting 
about  with  great  velocity — and  their  general  mo- 
tions, which  are  constantly  from  or  toward  the 
north,  or  north-west  —  have  been  viewed  as  so 
many  arguments  corroborative  of  their  electrical 
origin.  Still  it  is  difficult  to  account  for  all  the 
phenomena  exhibited  by  these  bodies  by  electricity 
alone,  since  some  of  these  bodies  appeared  to  be 
of  a  denser  and  more  compact  structure  than 
electricity  could  produce. 

4.  Shooting  or  falling  stars. — These  are  meteors 
which  are  frequently  seen  darting  through  the 
eky,  in  the  form  of  slars,  and  most  frequently  ac- 
companied with  a  train  of  light.  The  nature  of 
these  bodies  has  not  yet  'been  well  ascertained, 
and  philoso]  hera  have  of  late  been  disposed  to 


alter  their  former  opinions  respecting  them.  It  ap- 
pears, from  certain  late  observations  madeatBres- 
lau  by  Professor  Brandes  and  his  pupils,  that  the 
hight  of  some  shooting  stars  is  not  less  than  five 
hundred  miles,  and  that  they  move  at  the  rate  of 
eighteen  miles  in  a  second.  A  most  extraordi- 
nary and  wonderful  display  of  the  phenomena  of 
shooting  stars  has  of  late  occurred  in  different 
places,  particularly  in  America.  On  the  evening 
of  the  12th  and  the  morning  of  the  1.3th  Novem- 
ber, 1833,  a  shower  of  these  meteors  happened  at 
Boston,  New  York,  and  other  places,  and  their 
number  was  considered  to  equal  one-half  of  the 
flakes  which  fill  the  air  iu  an  ordinary  full  of  snow. 
It  was  calculated  that,  in  some  places,  they  fell  at 
the  rate  of  36,000  per  hour,  and  the  phenomena 
lasted  more  than  seven  hours.  At  Boston,  the 
number  of  shooting-stars  which  were  seen  was 
estimated  at  two  hundred  and  forty  thousand.  Si- 
milar phenomena,  though  not  in  such  numbers, 
have  appeared  in  various  other  places,  and  in  the 
subsequent  years,  from  the  I2th  to  the  15th  No- 
vember, and  hence  they  have  been  denominated 
the  November  meteors.  M.  Arago,  the  French 
philosopher,  is  of  opinion,  that  such  extraordinary 
phenomena  cannot  well  be  accounted  for,  unless 
it  be  supposed  that,  beside  the  planetary  bodies 
which  revolve  around  the  sun,  there  are  myriads 
of  smaller  bodies,  which  only  become  visible  at 
the  moment  when  they  come  within  our  atmo- 
sphere and  assume  a  meteoric  appearance;  and 
that  they  move  in  groups,  and  also  singly.  Dr. 
Olmsted,  of  New  Haveii,  who  particularly  inves- 
tigated the  meteoric  showers  of  1833,  deduces  the 
following  among  other  conclusions: — That  the 
distance  of  the  body  whence  they  emanated  was 
about  2238  miles — that  they  entered  the  earth's 
atmosphere  with  a  velocity  of  four  miles  per  second 
— that  some  of  the  larger  meteors  must  have  been 
bodies  of  great  size,  not  less  than  a  mile  in  diame- 
ter— and,  that  they  consisted  of  portions  of  a  ne- 
bulous body  which  revolves  around  the  sun,  in 
one  huucired  and  eighty-two  days. 

We  may  learn  from  such  phenomena  that,  if 
the  universe  were  not  under  the  superintendence 
of  a  wise  and  benevolent  Being,  or  if  the  powers 
of  nature  were  left  to  act  at  random,  the  world 
iu  which  we  live  might  be  subjected  to  manifold 
disasters  from  unknowii  bodies  and  unseen  causes, 
from  which  we  liave  hitherto  been  protected. 

5.  Parhelia,  or  mock  suns. — A  parhelion  is  a 
meteor  in  the  form  of  a  very  bright  light  appear- 
ing on  one  side  of  the  sun,  and  resembling  that 
luminary.  They  generally  seem  about  the  size 
of  the  true  sun,  not  quite  sc  bright,  though  some- 
times they  are  said  to  rival  their  parent  luminary 
in  splendor.  When  there  is  a  number  of  them, 
they  are  not  equal  to  each  other  in  brightness, 
and  externally  they  are  tinged  with  colors  like 
the  rainbow.  They  differ  in  number  and  size; 
but  they  all  agree  in  breadth,  which  is  that  of  the 
apparent  diameter  of  the  sun.  Appearances  of 
this  kind  have  been  observed,  both  in  ancient  and 
in  modern  times,  Gassendi,  the  Italian  astronomer, 
relates,  that  in  1635  and  1636,  he  often  saw  one 
mock  sun.  Two  were  observed  by  M.  de  la  Hire, 
in  1689,  and  the  same  number  by  Cassini,  1693; 
Mr.  Grey,  in  1700;  Dr.  Halley,  in  1702;  the  Rev. 
Mr.  Hamilton,  in  Dublin,  in  1783;  but  the  most 
remarkable  appearances  of  this  kind  were  seen  at 
Rome  by  Scheiner;  by  Muschenbroeck,  at  Utrecht; 
and  by  Hovelius,  at  Sedan;  by  the  former,  four 
mock  suns  were  observed,  and  by  the  latter  seven. 

The  phenomenon  of  these  meteors  observed  by 
Scheiner,  at  Rome,  is  represented  at  figure  7,  in 
which  A  is  the  place  of   the  observer;  b,  his  ze- 
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liith;  c,  the  true  sun;  a  b,  a  plane  passing  through 
^he  observer's  eye,  the  true  sun,  and  tlie  zenitii. 

Fig.  7. 


About  the  sun,  c,  there  appeared  two  concentric 
rings,  not  complete,  but  diversified  with  colors. 
The  lesser  of  them,  d  e  f,  was  fuller  and  more 
perfect;  and  though  it  was  open  from  D  to  f,  yet 
those  ends  were  perpetually  endeavoring  to  unite, 
and  sometimes  they  did  so.  The  outer  of  these 
rings  was  much  fainter,  so  as  to  be  scarcely  per- 
ceptible. It  had,  however,  a  variety  of  colors,  but 
was  very  inconstant.  The  third  circle  was  very 
large,  and  entirely  white,  passing  through  the 
middle  of  the  sun,  and  everywhere  parallel  to  the 
horizon.  In  the  intersection  of  this  circle,  and 
the  outward  iris,  g  k  i,  there  broke  out  two  par- 
helia, N  and  K.  The  brightness  of  the  middle  of 
them  was  something  like  that  of  the  sun,  but  to- 
ward the  edges  they  were  tinged  with  colors  like 
the  rainbow.  The  parhelion  n  was  a  little  waver- 
ing, and  sent  out  a  spiked  tail,  n  p,  of  a  color  some- 
what fiery.  The  parhelia  at  l.  and  m  were  not  so 
bright  as  the  former,  but  were  rounder  and  white, 
like  the  circle  in  which  they  were  placed.  The 
parhelion  n  disappeared  before  k,  and  while  m  grew 
fainter,  k  grew  brighter,  and  vanished  the  last  of 
all.  Parhelia  have  been  visible  for  two,  three,  and 
four  hours  together,  and  in  North  America  they 
are  said  to  continue  some  days,  and  to  be  visible 
from  sunrise  to  sunset. 

6.  Thunder  and  lightning. — These  sublime  and 
terrific  phenomena  are  well  known  to  every  indi- 
vidual, and  are  occasionally  displayed  in  every 
region  of  the  globe.  A  thunder  storm  usually 
happens  in  calm  weather,  though  sometimes  it  has 
been  accompanied  with  furious  winds.  A  dark 
cloud  is  observed  to  attract  other  clouds  to  it,  by 
which  it  continually  increases  both  in  magnitude 
and  apparent  density;  and  when  it  has  thus  accu- 
mulated to  a  great  size,  its  lower  surface  swells  in 
particular  parts  toward  the  earth,  and  light  llimsy 
clouds  are  sometimes  seen  flying  under  it,  and  con- 
tinually changing  their  ragged  shape.  During  the 
time  the  cloud  is  thus  forming,  the  heavens  begin 
to  darken  apace,  the  whole  mass  sinks  down, 
wind  arises,  and  frequently  shifts  in  squalls, flashes 
of  lightning  are  seen  to  dart  from  one  part  of  it 
to  another,  and  often  to  illuminate  the  w^hole  mass 
and  the  surrounding  landscape.  When  the  cloud 
has  acquired  a  sufficient  expansion,  the  lightning 
strikes  the  earth  in  two  opposite  points;  its  paths 
lying  through  the  whole  body  of  the  cloud.  Heavy 
rains,  and  sometim.es  hail  showers,  accom])any 
these  dire  phenomena,  until,  after  numerous  suc- 
cessive discliarges,  the  cloud  rarefies  and  the  storm 


ceases.  The  scene  of  a  thunder  storm  is  gene- 
rally in  the  middle  regions  of  the  atmosphere;  and 
it  is  not  a  frequent  case  that  an  electrical  discharge 
is  made  into  the  earth.  The  lightning  darts  from 
one  cloud  into  another,  and  when  the  clouds  are 
high,  there  is  no  danger  to  persons  or  objects  on 
the  surface  of  the  earth.  But  when  the  cloud  is 
low,  and  within  the  striking  distance  of  the  earth, 
when  the  flashes  appear  to  strike  perpendicularly, 
and  when  only  a  second  or  two  elapse  betweea 
seeing  the  flash  and  hearing  the  report  of  the 
thunder,  every  object  around  may  be  considered 
as  within  the  limits  of  danger;  for  then  the 
lightning  strikes  into  some  parts  of  the  earth, 
and  every  object  in  the  line  of  its  course  is  liable 
to  be  injured.  We  may  ascertain  the  distance  of 
a  thunder-cloud,  by  counting  the  number  of  se- 
conds or  pulsations  that  intei-vene  between  seeing 
the  lightning  and  hearing  the  first  sound  of  the 
thunder,  allowing  about  1142  feet,  or  380  yards 
for  every  second.  Thus,  if  two  seconds  intervene, 
the  distance  is  760  yards;  if  three  seconds,  1140 
yards,  if  four  and  a  half  seconds,  1710  yards,  or 
nearly  a  mile,  etc.  During  a  thunder  storm,  the 
lightning  sometimes  assumes  different  forms. 
Sometimes  it  appears  as  balls  of  fire,  moving  with 
great  velocity:  this  is  the  most  dangerous  species 
of  lightning,  and  where  they  strike,  corn-yards 
are  set  on  fire,  and  sometimes  flocks  of  sheep, 
herds  of  cattle,  and  human  beings  are  instantly 
killed.  Another  form  is  that  of  zigzag  light- 
ning, which  most  frequently  accompanies  thunder 
storms.  It  is  likewise  destructive,  but  not  to  the 
same  extent  as  the  ball-lightning.  The  next  spe- 
cies is  the  sheet-lightning,  which  appears  in  the 
form  of  a  lambent  flame,  or  a  sudden  illumination, 
without  any  determinate  form.  It  is  never  kuowu 
to  do  any  injury. 

As  to  the  cause  of  thunderstorms,  it  is  now  as- 
certained, beyond  dispute,  that  lightning  and  elec- 
tricity are  identical.  This  had  been  long  ago, 
surmised,  after  the  attention  of  philosophers  had 
been  directed  to  the  subject  of  electricity.  It  was 
observed  that  lightning,  in  its  course,  took  the 
best  conductors  of  electricity,  such  as  bell-wires, 
and  gildings;  that  it  burned,  exploded,  and  des- 
troyed conducting  substances,  as  electricity  does; 
that  it  struck  the  most  elevated  objects,  as  trees 
and  spires;  that  the  crooked  form  of  zigzag  light- 
ning was  similar  to  that  of  an  electric  spark;  and 
that  it  affected  the  nervous  system,  and  changed 
the  polarity  of  the  mariner's  needle,  as  electricity 
was  found  to  do.  This  was,  at  last,  put  to  the 
test  of  experiment  by  Dr.  Franklin,  by  elevating 
during  a  thunder  storm,  a  kite,  with  a  metallic 
point  on  the  head  of  it,  when  he  drew  an  electric 
spark  from  the  cloud  by  means  of  a  key,  connected 
with  the  wet  string,  which  was  connected  with 
the  kite.  Nearly  at  the  same  time  an  exjjeriment, 
somewhat  similar,  was  performed  by  M.  Dalibard, 
at  Marly  de  Ville,  about  fifteen  miles  from  Paris. 
These  experiments  were  made  in  1752,  and  since 
that  period,  lightning,  and  the  electric  matter,  have 
been  considered  as  the  same;  though  there  are 
still  many  phenomena  connected  with  thunder 
storms  of  which  we  are  ignorant.  The  grand 
practical  use  to  which  Dr.  Franklin  ajiplied  his 
discovery,  was  to  secure  buildings  from  being 
damaged  or  destroyed  by  lightning;  which  is  ac- 
complished by  fixing  a  pointed  metallic  rod  higher 
than  any  part  of  the  building,  and  communicat- 
ing with  the  earth.  This  wire  the  lightning  will 
seize  upon,  in  preference  to  any  other  part  of  the 
building,  by  which  it  is  conducted  to  the  earth 
without  injuring  the  inliabitants. 

Maxims  during  a  thunder-storm. — When  in  the 
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open  fields,  avoid  trees,  but  be  near  them — say  at 
the  distance  of  thirty  or  forty  feet — as  high  ob- 
jects are  more  liiiely  to  be  struck  with  lightning 
than  those  which  are  low.  When  walking  in  the 
open  air,  avoid  ponds,  rivers,  streamlets,  and  every 
mass  of  water;  for  water,  being  a  conductor  of 
electricity,  might  determine  the  lightning  to  the 
place  we  occupy.  Do  not  avoid  rain,  as  it  is 
safer,  in  a  thunder-storm,  to  be  completely  drench- 
ed than  otherwise.  When  in  a  house,  persons 
should  avoid  sitting  near  the  fireplace,  as  it  brings 
us  in  connection  with  the  highest  part  of  the 
building,  and  which  contains  such  conducting 
substances,  as  the  grate,  the  fender,  and  fire-irons. 
Bell-wires,  mirror-s,  gildings,  lusters,  and  other 
metallic  substances,  should  also  be  avoided.  The 
safest  position  is  in  the  middle  of  a  large  room, 
at  a  distance  from  conducting  substances,  with 
our  chair  placed  on  a  mattress. 

In  the  preceding  pages,  we  have  taken  a  cur- 
sory survey  of  the  nature  and  properties  of  the 
atmosphere,  and  of  the  phenomena  it  frequently 
presents,  and  have  noticed  the  evidences  of  Di- 
vine wisdom  and  beneficence  as  displayed  in  the 
arrangements  connected  with  this  admirable  ap- 
pendage to  our  globe.  A  devout  contemplation 
of  this  subject  is  worthy  of  the  serious  attention 
of  every  rational  and  Christian  mind;  for  all  the 
works  of  God  are  intended  to  display  to  intelli- 
gent beings  certain  parts  of  the  character  and 
attributes  of  the  Almighty,  and  to  inspire  us  with 
love  and  gratitude  for  those  merciful  and  benevo- 
lent arrangements  by  which  our  lives  are  pre- 
served, and  our  happiness  and  comforts  secured. 
The  system  of  the  material  world,  in  all  its  varie- 
ties, may  be  considered  as  one  of  the  revelations 
given  by  God  to  man,  in  order  that  we  may  trace, 
from  his  external  operations,  visilde  to  every  eye, 
something  of  the  nature  of  that  Almighty  Being 
who  at  first  brought  all  things  into  existence^  and 
who,  every  moment,  superintends  all  their  move- 
ments. Hence  we  are  informed,  by  an  inspired 
writer,  that  the  "  invisible  things  of  Him  from 
the  creation  of  the  world  are  clearly  seen,  being 
understood  by  the  things  that  are  made,  even  his 
eternal  power  and  Godhead." 

Had  man  continued  in  primeval  innocence,  in 
the  complete  exercise  of  his  moral  and  intellectual 
faculties,  this  would,  perhaps,  have  been  the  only 
revelation  of  which  he  stood  in  need.  But,  in  his 
present  fallen  state,  the  investigation  and  study 
of  the  material  world  are  not  sufiicient  to  lead 
him  to  the  knowledge  of  the  true  God,  and  to 
guide  him  in  the  way  that  leads  to  immortal  hap- 
piness. Hence  it  happened  that  even  the  wisest 
sages  of  antiquity,  who  were  destitute  of  any 
other  revelation,  completely  failed  in  attaining  to 
just  conceptions  of  the  Eternal  Divinity,  of  the 
worship  and  homage  lie  required,  of  the  duties 
they  ought  to  perform,  and  of  their  eternal  desti- 
nation. "  Professing  themselves  to  be  wise,  they 
became  fools,  and  changed  the  glory  of  the  incor- 
ruptible God  into  an  image  made  like  to  corrupti- 
ble man,  and  to  birds,  and  to  four-footed  beasts, 
and  creeping  things." 

The  religion  of  nature  is  glaringly  deficient  in 
directing  us  to  correct  views  of  the  attributes  of 
the  true  God,  and  particularly  of  the  conceptions 
wo  ought  to  form  Of  his  moral  character,  as  a 
Being  possessed  of  strict  and  impartial  justice  and 
eternal  rectitude,  and  whether  he  be  disposed  to 
the  exercise  of  mercy  and  love.  Hence,  some  of 
the  ancient  philosophers  denied  his  existence,  and 
others  embraced  the  notion  of  a  multiplicity  of 
gods,  celestial,  aerial,  terrestrial,  and  infernal;  and 
the  moral  characters  and  actions  attributed  to  such 


deities  were  distinguished  for  everything  that  wan 
wicked,  base,  cruel,  and  licentious.  The  light  of 
nature  can  aftbrd  us  no  certain  and  indubitable 
evidence  of  the  immortality  of  the  soul,  a  future 
state  of  eternal  rewards  and  punishments,  or  of  a 
future  and  glorious  resurrection  :  for  many  oppo- 
site and  discordant  opinions  prevailed  on  tlii»!  sub- 
ject among  those  who  were  destitute  of  Divine 
revelation;  some  of  them  absolutely  denying  the 
existence  of  such  a  state  as  a  vulgar  error;  while 
others  represented  it  as  altogether  uncertain,  hav- 
ing no  solid  foundation  for  its  support.  The 
light  of  nature  ca'n  convey  no  proper  notion  of  a 
creative  Power  that  could  produce  the  universe 
out  of  notliing,  nor  of  the  time  and  manner  in 
which  the  world  was  created  and  arranged.  Hence, 
one  sect  of  heathen  philosopher;'  held  that  the 
world  was  eternal;  and  another,  that,  it  was  formed 
in  its  present  admirable  order  by  a  fortuitous  con- 
course of  innumerable  atoms.  It  can  afford  us 
no  certain  information  respecting  the  origin  of 
evil,  and  the  cause  of  that  depravity  and  misery, 
which  exist  among  mankind;  and,  in  short,  it  can 
point  out  no  method  by  which  those  who  havo 
offended  God  may  be  certainly  restored  te  his 
favor,  and  a  reconciliation  effected  between  God 
and  man;  so  that  his  mercy  may  be  exercised 
without  the  violation  of  his  justice,  and  the  par- 
don of  sinners  rendered  consistent  with  the  honor 
of  his  laws  and  the  wisdom  and  equity  of  his 
government.  From  nature,  therefore,  there  arises 
no  sufficient  comfort  to  sinners  to  warrant  hopes 
of  forgiveness;  but,  on  the  contrary,  anxious  and 
endless  solicitude  about  the  means  of  appeasing 
the  Deity.  Hence  the  various  modes  of  sacri- 
ficing, aud  the  numberless  superstitions  which 
overspread  the  heathen  world,  but  which  were  un- 
satisfactory to  the  wiser  part  of  mankind,  even  in 
the  times  of  pagan  darkness  aud  ignorance. 

While  ignorant  of  the  important  and  interest- 
ing truths  now  adverted  to,  we  can  enjoy  no  solid 
happiness  iu  the  present  state,  nor  any  cheering 
prospects  in  reference  to  a  future  and  eternal 
world.  But,  on  all  these  >iubjecfs,  so  interesting 
to  every  human  being,  the  Christian  revekition 
throws  an  effulgence  of  light  aud  evidence,  and 
affords  every  satisfaction  to  the  anxious  mind 
which  it  can  desire.  It  has  "  brought  life  aud 
immortality  to  light,"  and  shed  a  radiance  over 
the  mansions  of  the  tomb,  and  the  scenes  of  a 
future  world;  it  has  unraveled  the  origin  of  evil, 
and  the  cause  of  all  those  miseries  and  moral 
abominations  wh.ich  have  prevailed  in  the  world; 
and,  above  all,  it  has  disclosed  the  gracious  pur- 
poses of  the  God  of  mercy  aud  love  toward  our 
fallen  and  apostate  world,  and  opened  the  way  by 
which  sinners  may  be  pardoned  and  restored  to 
the  Divine  favor,  in  full  consistency  with  all  the 
perfections  of  the  Divinity,  and  the  honors  of  his 
universal  government.  I'or  thus  runs  the  decla- 
ration of  the  Most  High  to  all  the  children  of  men: 
"  God  so  loved  the  world  that  he  gave  his  only 
begotten  Son,  that  whosoever  believeth  in  him 
should  not  perish,  but  have  everlasting  life."  He 
sent  his  Son  into  our  world,  as  a  messenge.r  of 
peace,  "to  bear  the  sin  of  many,"  "to  bring  in 
everlasting  righteousness,"  to  make  "intercession 
for  the  transgressors,"  to  vindicate  the  honors  of 
his  broken  law,  to  abolish  death,  and  to  o|)en  tha 
way  to  the  mansions  of  glory  in  the  heavens,  to 
men  of  all  nations,  kindreds,  aud  languages,  who 
receive  the  record  he  hath  given  of  his  Son,  and 
submit  to  the  method  of  salvation  he  hath  devised. 
He  hath  set  forth  his  Son  to  the  world  to  be  "a 
propitiation  through  faith  in  his  blood,  to  declare 
his  righteousness  for  the  remission  of  sins,    .   .   . 
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(hat  he  might  be  just  and  the  justifier  of  him 
which  believeth  in  Jesus."  It  is,  therefore,  "a 
faithful  saying,  and  worthy  of  all  acceptation, 
that  Christ  Jesus  came  into  the  world  to  save  sin- 
ners," even  the  chief.  And  all  who  receive  the 
salvation  thus  proffered,  will  consecrate  themselves 
to  his  service,  and,  by  the  aid  of  the  Holy  Spirit, 
prosecute  a  course  of  obedience,  "denying  un- 
godliness and  worldly  lusts,"  and  living  "soberly, 
righteously,  and  godly  in  the  present  world." 
Every  sin  and  violation  of  the  Divine  law  will  be 
carefully  avoided;  every  holy  disposition,  every 
heaveidy  temper,  and  every  Divine  virtue  and 
grace  will  be  sedulously  cultivated;  love  to  God 
and  man  will  pervade  all  the  faculties  of  the  soul, 
and  be  displayed  in  the  general  tenor  of  the  con- 
duct; and,  by  pursuing  such  a  course  of  action, 
the  individual  will  be  gradually  prepared  for  the 
nobler  contemplations  and  exercises  of  that  higher 
sphere  of  existence,  where  there  is  "fullness  of 
joy,"  and  "where  there  are  pleasures  forever- 
more." 

From  what  we  have  now  stated,  we  may  fairly 
conclude,  that  all  our  contemplations  of  the  works 
of  nature,  and  all  our  investigations  of  the  sys- 
tem of  the  visible  creation,  ought  to  be  conducted 
in  connection  with  the  views  and  discoveries  un- 
folded by  Divine  revelation.  The  two  revelations 
which  God  has  made  to  us,  when  properly  studied, 
will  be  found  not  only  in  perfect  harmony,  but  to 
throw  a  mutual  light  on  each  other;  so  that  what 
may  appear  deficient  in  one  is  supplied  by  the 
other.  While  we  contemplate  the  manifestations 
of  Divine  power,  wisdom,  and  goodness,  in  the 
arrangements  and  operations  of  nature,  we  per- 
ceive the  same  attributes  illustrated  in  the  records 
of  revelation;  and,  in  addition  to  these,  we  per- 
ceive what  nature  cannot  teach  us,  that  God  is  a 
Being  of  perfect  and  eternal  rectitude,  of  inviola- 
ble faithfulness,  of  boundless  benevolence;  ready 
to  forgive,  and  rich  in  mercy  to  all  who  call  upon 
him  in  truth: — a  Being  who  fills  immensity  of 
space  with  his  presence,  who  possesses  the  most 
intimate  knowledge  of  all  creatures  and  events 
tliroughout  creation,  and  who  superintends  all  the 
movements  of  the  material  universe.  To  what- 
ever scene  of  nature  we  direct  our  attention,  we 
find  sentiments  in  Scripture  adequate  to  express 
every  emotion  of  the  soul  while  engaged  in  such 
contemplations.  Are  we  contemplating  the  im- 
mense number  and  variety  of  animated  beings 
which  people  the  earth,  the  waters,  and  the  air, 
and  the  ample  provision  made  for  tlieir  accommo- 
dation and  subsistence — where  can  we  find  lan- 
guage more  appropriate  to  express  our  feelings 
than  in  these  words  of  the  Psalmist,  "O  Lord, 
how  manifold  are  thy  works,  in  wisdom  hast  thou 
made  them  all  :  the  earth  is  full  of  thy  riches  ! 
So  is  this  great  and  wiae  sea,  wherein  are  things 
creeping  innumerable,  both  small  and  great  beasts. 
— These  wail  all  ujjon  thee;  tiiat  thou  mayst  give 
them  their  meat  in  due  season.  That  thou  givest 
them — they  gather;  ihou  openest  thy  hand — they 
are  filled  with  good."  When  we  survey  the 
structure  of  the  liuman  frame,  and  consider  the 
vast  number  of  bones,  muscles,  veins,  arteries, 
lacteals,  ».ud  other  parts,  all  curiously  combined, 
perfonuiiig  such  a  variety  of  functions,  and  all 
contriluiling  to  life  and  enjoyment — can  we  re- 
frain from  adopting  the  expressive  language  of 
the  Psalmist  ?  "  I  will  praise  thee;  for  I  am  fear- 
fully and  wonderfully  made  :    marvelous  are  thy 


works  I — liow  precious  are  thy  thoughts  unto  me, 
O  God  !  how  great  is  the  sum  of  them!  If  I 
should  count  them  they  are  more  in  number  thaa 
the  sand."  When  we  consider  the  amazing  struc- 
ture of  the  heavens — the  immense  magnitude  and 
number  of  the  mighty  orbs  contained  within  the 
eanopy  of  the  sky — that  millions  upon  millions 
of  suns  and  worlds  stretching  into  the  immensity 
of  space  far  beyond  the  limits  of  our  vision,  or 
even  of  our  imagination,  form  only  a  small  por- 
tion of  the  universal  empire  of  the  Almighty; 
and  when  the  mind  is  overwhelmed  and  lost,  on 
the  view  of  this  stupendous  scene — where  shall 
we  find  language  to  express  our  emotions,  more 
emphatic  and  appropriate,  than  in  such  passages 
as  these?  "Canst  thou  by  searching  find  out 
God?  Canst  thou  find  out  the  Almighty  unto  per- 
fection ?  Great  is  our  Lord  and  of  great  power  : 
his  understanding  is  infinite; — his  greatness  is 
unsearchable. — Tlie  heavens  declare  the  glory  of 
God;  and  the  firmament  showeth  his  handiwork. 
— All  nations  before  him  are  as  nothing;  and 
they  are  counted  to  him  less  than  nothing,  and 
vanity — who  doeth  great  things  past  finding  out; 
yea,  and  wonders  without  number. — Great  and 
marvelous  are  thy  works,  Lord  God  Almighty! 
Who  can  utter  the  mighty  acts  of  the  Lord  ? 
Who  can  show  forth  all  his  praise  ?" 

In  short,  the  man  who  recognizes  the  truths  of 
Divine  revelation  must  feel  a  higher  degree  of 
pleasure  and  satisfaction  in  contemplating  the 
scenes  of  creation,  than  the  man  who  either  dis- 
cards or  overlooks  the  revelations  contained  in 
the  sacred  oracles.  To  a  man  who  is  hastening 
to  the  grave,  uncertain  whether  his  intellectual 
powers  and  consciousness  shall  exist  be3'ond  the 
limits  of  the  present  state — of  what  avail  is  it  that 
he  has  acquired  a  partial  knowledge  of  some  of 
the  departments  of  the  visible  world,  when  all  his 
knowledge  shall  be  lost  at  the  hour  of  dissolution, 
and  no  further  prospect  remains  of  his  ever  agaii( 
resuming  such  studies  and  investigations,  and  of 
beholding  the  mysteries  and  wonders  of  the  uni- 
verse more  fully  unfolded  ?  He  may  be  filled  v/ith 
wonder  at  many  of  the  astonishing  processes 
going  forward  in  the  animal,  vegetable,  and  mine- 
ral kingdoms;  his  mind  may  be  overpowered  witli 
admiration  and  astonishment  at  the  vast  extent  of 
the  material  universe,  and  at  the  myriads  of  worlds 
it  contains,  but  he  can  entertain  no  hopes  of  seeing 
such  wondrous  scenes  more  fully  unraveled  and 
displayed  in  the  light  of  immortality.  But  the 
Christian,  who  looks  forward  to  the  nobler  em- 
ployments of  a  future  world,  may  with  certainty 
indulge  in  the  hope  that  in  the  light  of  that  world, 
the  vail  which  now  intercepts  our  view  of  the 
wonders  of  creation  will  be  removed,  and  tlie 
glories  of  the  Divinity,  as  displayed  in  all  his 
works,  more  fully  unfolded.  For  the  inhabitants 
of  that  world  are  represented  as  celebrating  the 
perfections.  o{  the  Most  High  in  such  strains  as 
tiiese — "Great  and  marvelous  are  thy  works, 
Lord  God  Almighty  1"  evidently  indicating  that 
the  vail  is  partially  removed  from  the  hidden 
scenes  of  creation,  and  their  minds  expanded  to 
take  in  large  and  comprehensive  surveys  of  the  * 
wonders  of  the  universe,  so  as  to  perceive  them 
to  be  "  great  and  marvelous."  And  again,  they 
exclaim,  "  Thou  art  worthy,  0  Lord,  to  receive 
glory,  and  honor,  and  power;  for  thou  hast  created 
all  things,  and  for  thy  pleasure  they  are  and  were 
created.' 


THE    END 
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